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PREFACE 

The HD64180S, network processing unit (NPU), provides multipurpose high-speed 

communication control functions on a single LSI chip. The HD64180S offers high 

performance communication protocol processing, as well as user system application 
processing, at a low cost. 

Built-in features, such as an 8-bit CPU, 2 serial I/O channels, and a direct memory 

access controller (DMAC), support high-speed data transfer by reducing 

communications overheads. 

The HD64180S has a variety of applications. It can be used as a communication 

subsystem processor or as' a controller in a distributed control system for industrial 

robots. 

In addition, the HD64180S is designed to interface with existing communication 
chips and to be compatible with existing communication software. It can be used 

with virtually any kind of communication system. 

This manual describes HD64180S hardware. For details about programming 

instructions refer to the HD64180 Programming Manual (#U92). 





How to Use This Manual 

This User's Manual provides details about the perfonnance and functions of the 

HD64180S in addition to infonnation about possible applications. For details about 

the communication protocols supported by the HD64180S, please refer to published 

documents. 

Section Contents 

This manual consists of fourteen sections and seven appendices. 

- Section 1 Overview 

This section outlines the internal configuration and functional blocks (CPU, MSCI. 

ASCI/CSIO, DMAC, etc.) of the HD64180S, and gives sample applications. 

- Section 2 Pin Assignments and Signal Descriptions 

- Section 3 CPU 

This section provides details about the architecture of the built-in CPU. basic 

operation timing, and chip operating modes (sleep, system stop, etc.). Infonnation 

about CPU interrupt processing, memory management functions. and associated 

registers is also provided. 

- Section 4 MSCI 

This section gives a general description of the asynchronous, byte synchronous, and 

bit synchronous communication protocols supported by the built-in multiprotocol 

serial communications interface (MSCI). It describes how to set registers for 

various communication functions. 

- Section 5 ASCIICSIO 

This section provides a general description of the asynchronous and clock 

synchronous communication protocols supported by the built-in asynchronous 

serial communication interface/clocked serial I/O port (ASCI/CSIO). It also 

describes how to set registers for various communication functions. 



- Section 6 DMAC 

This section explains the single- and chained-block transfer modes supponed by the 

built-in direct memory access controller (DMAC). Descriptions of internal register 

functions and its setting are also given. 

- Section 7 Timers 

This section describes built-in timer functions, such as external event signal 

counting and square waveform generation. Descriptions of internal register 

functions are also given. 

- Section 8 Refresh Controller 

This section provides information about the built-in refresh controller which makes 

programming of the DRAM refresh cycle. Descriptions of internal register 

functions are also given. 

- Section 9 Wait Controller 

This section describes the built-in wait controller which inserts wait states during 

memory access to one of three physical address spaces or during I/O accesses. 

Details about the associated internal registers and WAIT pin are also provided. 

- Section 10 Chip Select Control 

The chip select pins (CSo, CSl, and CS2) which indicate access to one of three 

physical address spaces are desCribed in this section. 

- Section 11 Low Power Dissipation Modes 

This section describes the low power dissipation modes (sleep and system stop). 

- Section 12 Oscillator Circuit 

This section explains the clock supply function and shows how to connect a crystal 

resonator to the built-in oscillator circuit. This section also gives details about 

board design and using an external clock. 



- Section 13 Electrical Specifications 

This section lists the electrical characteristics (absolute maximum ratings, 

recommended operating conditions, DC and AC characteristics) and provides 

timing diagrams. 

- Section 14 Package Dimensions 

This section shows the dimensions of the HD64180S package. 

See sections 1,4, 5, and 6 for details about the communication functions provided by 

the HD64180S. 
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Section 1. Overview 

1.1 Overview 

The HD641S0S network processing unit (NPU) contains a 2-channel serial interface, S-bit CPU, 2-

channel direct memory access controller (DMAC) with a proprietary chained-block transfer function, 

timers, etc., all integrated on a single LSI chip. The HD641S0S is thus well suited to multiprotocol 

communications processing. 

The multiprotocol serial communications interface (MSCI) and the asynchronous serial 

communications interface/clocked serial I/O port (ASCI/CSIO) allow high speed data transfer using 

various communications protocols. 

In particular, the MSCI is capable of handling asynchronous, byte synchronous, and bit synchronous 

communications protocols. Since the MSCI is connected to the on-chip DMAC, it is possible to 

realize high speed single-address DMA transfer (chained-block transfer) in frame units during bit 

synchronous communications. Furthermore, the flexible processing capability ef the HD641S0S's 

CPU ensures compatibility with a wide range of communications protocols. 

Table 1-1 lists the major functions of the HD641S0S and figure 1-1 shows the block diagram. 

Table 1-1. Major Functions of the HD64180S 

Item 

CPU 

DMAC 

Specifications 

• Software-compatible with HD64IS0Z 

• SO type bus interface 

• On-chip MMU (I Mbyte physical address space) 

• 2 channels 

• DMA transfer between memory and memory, memory and I/O 

(memory-mapped I/O), and memory and MSCI 

• Chained-block transfer between memory and MSCI 

• Internal interrupt requests available 
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T~ble 1·1. Mlljor Functions of the HD64180S (cont.) 

Item Specifications 

Multiprotocol serial • Full duplex channel 

communications interface (MSCl) • Asynchronous, byte synchronous (mono-, bi-, or external 

synchronous), or bit synchronous (HOLC or loop) selectable 

• Transmit/receive control using modem control signals (RTSM, 

CTSM, and DCDM) 

• Internal Advanced Digital PLL (ADPLL) 

clock extraction 

receive data anellor receive clock noise suppression 

• On-chip baud rate generator 

• Internal interrupt requests available 

• Maximum transfer rate 7.1 Mbps (with 10 MHz clock) 

Asynchronous serial • Full duplex channel 

communications interface/clocked • Asynchronous or clocked serial mode (selectable) 

serial I/O port (ASCIICSIO) • Transmit/receive control using modem control signals (RTSA, 

CTSA, and DCDA) 

• On-chip baud rate generator 

• Internal interrupt requests available 

Timers ·2 channels 

• 8-bit reloadable up-counter 

• Output waveform generator and external event count functions 

• Internal interrupt requests available 

Interrupt controller • Four external interrupt lines (NMI, INTo, INTI, and INT2) 

• Fifteen internal interrupt sources 

Memory access support function • Internal refresh controller 

• Internal wait state controller 

• Internal chip-select controller 

Other functions • On-chip clock oscillator circuit 

• Low power dissipation modes (sleep'and system stop) 

Type of Products 

Product Name Max. Operating Frequency Package 

HD64180SCP6 6.17 MHz 

HD64180SCP8 8 MHz CP-S4 (S4-pin PLCC) 

HD641SOSCP10 10 MHz 

HD641S0SH6 6.17 MHz 

HD641S0SHS SMHz FP-SOA (SO-pin QFP) 

HD64 1 SOSH 10 10 MHz 
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1.2 Applications 

1.2.1 Position in Product Line 

The HD64180S's on-chip CPU (software-compatible with the HD64180Z) is capable of processing 

both communications protocols and user application programs. If the on-chip CPU is programmed for 

use mainly as a communications processor, application processing can be carried out by another CPU. 

Figure 1-2 illustrates this concept. 

100% 

HD64180S 
On-chip CPU 
processing capability 

Communications protocol processing 

O%~------------------------------~ 

::> 
D.. 
o 
0-:c 
~ o 

CPU oriented to application processing CPU oriented to communications 
protocol processing 

Figure 1-2. Allocating CPU Processing Capability 

For example, the HD64180S's CPU can be used mainly for communications protocol processing to 

provide various communications functions for a host CPU. This is suitable in situations requiring 

high-speed data transfer and/or complicated protocol processing. In this case, a flexible interlace can 

be configured with the host CPU by selecting appropriate software and I/O devices. 

On the other hand, the HD64180S's CPU can be used for application processing (Le., when data 

transfer occurs infrequently and/or at low speeds). In this case, the MSCI, ASCI/CSIO, and DMAC in 

the HD64180S can process the communications data so as to reduce CPU overhead. 

Thus the HD64180S can be used in a wide range of applications-from small-scale configurations 

containing two or three chips to large-scale configurations containing mass memory and numerous I/O 

devices. 
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1.2.2 Examples of System Configuration 

(1) Data communications system 

Figure 1-3 shows a system configured with a data communications subsystem. This system can be 

used for communications between computers in a public network or in an office automation (OA) 

system. 

Local 1/0 Communication lines 

1 ~. 

Data 

Host CPU Main memory 1/0 subsystem communications 
subsystem 
(with HD64180S) 

1 I I I 
System bus 

Figure 1·3. Example Configured with a Data Communications Subsystem 

Figure 1-4 shows a minimum configuration example for the data communications subsystem 

shown in figure 1-3. In this configuration, the host CPU loads the HD64180S control program 

from main memory into the dual port RAM (DPRAM). The DPRAM has a transmit buffer, 

receive buffer, and communications data status area for interfacing between the host CPU and the 

HD64180S. Since the memory area allocated to this subsystem's communications program and 

transmit/receive buffers is relatively small, the subsystem is well suited for low-speed, simple 

communications protocols. 
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Communication lines Memory map 
1 Mbyte r----------, 

Data communications 1 1 .-------t?!-------. subsystem 

;-----"'------, 

Host CPU interface 

1kbyter--------~ 
Communication data status 

Transmit buffer 

Receive buffer 

Communication control 
program and data 

o~--------------~ 

Figure 1·4. Example of Data Communications Subsystem 

(minimum configuration) 

Figure 1-5 shows an extended communications subsystem for complex protocol processing and high­

speed data transfer. This subsystem incorporates external memory and two stages of transmit/receive 

buffers. The HD64180S control program is loaded into external memory. This subsystem is easily 

realized because the HD64180S can directly access up to 1 Mbyte of memory using its 20-bit address 

bus. 

Communication lines 

Data communications subsystem Mb Memory map 
r---------r-----------------------~--,1 yter----~-~--~ 

HD64180S 

Host CPU interface 

External memory 
(SRAM or DRAM) 

[2 kbyte-1 Mbytel 

1 kbyte 

o 

Communications control 
program and data 

T 
Communication data status t 
TransmiVReceive buffer 

Communications data status 

Transmit buffer 

Receive buffer 

Figure 1-5. Example or Data Communications Subsystem 

(extended configuration) 
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(2) Distributed control system 

Figure 1-6 shows an example in which the HD64180S is used as a distributed control device. This 

configuration can be used for controlling industrial machinery or for communicating between control 

devices of automobiles, OA systems, point-of-sales (POS) terminals, etc. 

Data processing 
and 1/0 processing 

Communications network 
for control devices 

Data processing 
and 1/0 processing 

Data processing 
and 1/0 processing 

Figure 1-6. The HD64180S in a Distributed Control System 

Figure 1-7 shows the internal configuration of the distributed control devices shown in figure 1-6. In 

this configuration, the HD64180S is directly connected to an I/O device, and the external memory 

(EPROM and RAM) contains the HD64180S control program and application programs. This simple 

system also allows high-speed data processing by providing direct access to up to 1 Mbyte of memory 

space including the data/stack and transmit/receive buffer areas. 
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Communications network 
Distributed control device t 

Memory map 

1 Mb~l 
' Data/Stack area 1 ~ 

1 External memory 
(EPROM and RAM) 

HD64180S 
[4 kbyte-1 Mbyte] 

l' 

TransmiVReceive buffer 

Dedicated 110 device 
, Communication 

control program :E 
0 a: 

Application processing 0-
w 

program 

W 
Local 1/0 function 

0 

Figure 1~7. Internal Configuration of a Distributed Control Device Using the HD64180S 

In the two configuration examples given above, the HD64180S is used either as a part of a data 

communications subsystem or as a distributed control device. In addition, the HD64180S can be used 

with various kinds of communications equipment. 
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Section 2. Pin Assignments and Signal Descriptions 

2.1 Pin Assignments 

Figure 2-1 shows the pin assignments for the HD64180S. 

BUSACI( 

ST 

'" REF 

HALT 

RD 

Wi; 
Me 
ICE 

v", .. 
A. 

(CP-84, Top View) 

v. 
OCD' 

RTSA 

11CDM 

lXCM 

RTSM 

SvNC 

'" Do 

'" 
'" Do 

Figure 2-1(a). Pin Assignments (CP-S4) 

ST 
UR 
REI' 
IlACI' 
1m 
WI! 
MIl 
IDll 
A. 
A, 
A, 

(FP-80A, Top View) 

Figure 2-1(b). Pin Assignments (FP-SOA) 
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2.2 Signal Descriptions 

2.2.1 Power Supply 

Pin 

Number 

Symbol CP-84 FP-80A 

Vee 1, 19,29, 8,41,71 

43,54 

Vss 4,36, 24,29,35, 

41,48, 60,74 

63, 74 

Input! 

Output 

Input 

Input 

Remarks 

+5V power supply: All Vee pins must be 

connected to the + 5V system power supply. 

Ground: All V ss pins must be connected to the 

system ground. 

Note: To minimize potential difference in the chip, use the shortest possible lead length to the V cc and V ss pins. 

2.2.2 Clock 

Pin 

Number Input! 

Symbol CP-S4 FP-SOA Output 

XTAL 2 72 Input 

EXTAL 3 73 Input 

84 70 Output 

10 HITACHI 

Remarks 

Crystal resonator input: The input frequency must be 

double that of the fI} clock. 

When the EXTAL pin is connected to an external 

clock, the XTAL pin should be left floating. 

Crystal resonator or external clock input: The input 

frequency must be double that of the fI} clock. Figures 

2-2 and 2-3 show crystal resonator and external clock 

connection diagrams, respectively. 

System clock: Supplies the fI} clock to peripheral 

devices. 



2.2.3 Reset Line 

Pin 

EXTAL 

XTAL 

Figure 2·2. Example of Crystal Resonator Connection 

EXTAL =:J~~-- FLrLJL External clock input 

XTAL :Ji---- Floating 

Figure 2·3. Example of External Clock Connection 

Number Input! 

Symbol CP-84 FP-80A Output 

RESET 17 6 Input 

Remarks 

Reset: When this line is driven active low for 6 or more 

clock cycles, the HD64180S enters the reset mode and 

all functions are reset. 
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2.2.4 Address Lines 

Pin 

Number 

Symbol CP-S4 FP-SOA 

Input! 

Output 

Ao-A19 30-35, 

37-40, 

42, 

44-47, 

49-53 

18-23, 

25-28, 

30-34, 

36-40 

Output 

(Three 

State) 

2.2.5 Data Lines 

Symbol 

Pin 

Number 

CP-S4 FP-80A 

55-62 42-49 

2.2.6 Memory and 110 Interface Lines 

Pin 

Number Input! 

Symbol CP-S4 FP-80A Output 

25 

26 15 

Output 

(Three 

State) 

Output 

(Three 

Remarks 

Address bus: This 20-bit address bus supports 

IMbyte of memory and a 64kbyte (16-bit address 

width) I/O space. The address bus goes to high 

impedance during: 

• Reset mode 
• Passing control of the bus to another device (the 

HD64180S is placed in the bus release mode when the 

BUSREQ line is asserted). 

Input! 

Output 

Input! 

Output 

(Three 

State) 

Remarks 

Remarks 

Data bus: The 8-bit handles bi-directional 

data passing (input and output of data.) 

Read: This line is asserted during read cycles. 

When this line is driven active low, the data lines are 

used as inputs. 

Write: This line is asserted during write cycles. 

When this line is driven active low, the data lines 

State) are used as outputs. 
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Pin 

Number Input! 

Symbol CP-84 FP-80A Output Remarks 

ME 27 16 Output Memory enable: This line is used to indicate a 

(Three memory read or write operation. It is asserted in the 

State) following cases: 

• Instruction fetch, operand read, and memory 

read/write instructions 

• Memory access during DMA cycles 

• Refresh cycles 

10E 28 17 Output I/O enable: This line is used to indicate an I/O 

(Three read/write operation. It is asserted in the following 

State) cases: 

• I/O read/write instructions 

• I/O access during DMA cycles 

• INTo acknowledge cycles 

WAIT 12 1 Input Wait: This line is used to extend either memory or I/O 

read/write cycles. If this line is low at the falling edge 

of a T2 state, a Tw state is inserted. If the line is still 

low at the falling edge of the inserted Tw state, an 

additional Tw state is inserted. This process is 

repeated until the signal level on this line is high at the 

falling edge. 

CSo 9 79 OU!Eut Chip select: These lines are used to access one of the 

CSl 10 80 Output three physical address areas: PAL, PAM, and PAH. 

CS2 11 Output The partition of the physical address space is the same 

as that of wait controllers. 

Physical address Signal 

area accessed asserted 

1 PAL area CSo 

(lower physical address area) 

2 PAM area CSl 

(middle physical address area) 

3 PAHarea CS2 

(upper physical address area) 
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2.2.7 System Control Lines 
Pin 

Number Input! 
Symbol CP-84 FP-80A Output 

BUSREQ 18 7 Input 

BUSACK 20 9 Output 

HALT 24 13 Output 

LIR 22 11 Output 

ST 21 10 Output 

Remarks 

Bus request: This line is asserted by an external device 

to request control of the bus. When this line is driven 

active low, the internal bus master waits until the end of 

the current machine cycle, then places the address lines, 

the data lines, and some of the memory JlO interface --- -
lines (RD, WR, ME, and IOE) into the high impedance 

state. 

Bus acknowledge: This line is used by the internal bus 

master to notify an external device by s~nding a 

BUSACK signal that a BUSREQ signal has been 

received and the bus has been released. 

HALT: This line is asserted whenever a HALT or SLP 

instruction is executed. It indicates that the HD64180S 

is in the halt, sleep, or system stop mode. This line is 

also used in conjunction with the LlR and ST lines to 

indicate the status of the CPU and internal DMAC. 

Load instruction register: This line is asserted during 

opcode fetch cycles. This line can also be used to 

output the Z80 peripheral LSI interface signal. 

Status: This line is used, together with LIR and HALT, 

to indicate the internal status of the HD64180S (see 

table). 

HALT 

(1) 

LlR ST 

0*1 0 

1 

Status 

CPU active (fIrst byte 

of an opcode fetch) 

". 1 The upper value shows the Lm pin status when the LIRE bit of the operation mode control register is 1, and the lower 

value shows ti.e LIR pin status when the LmE bit is O. 

14 HITACHI 



Pin 

Number Input! 

Symbol CP-84 FP-80A Output Remarks 

(2) 1 0*2 1 CPU active (second or 

third byte of an opcode 

fetch) 

1 

(3) X*l 1 0 DMAC operation 

(4) 1 1 1 Normal operating mode 

(other than (1), (2), 

or (3» 

Reset mode 

(5) 0 0*2 0 Opcode fetch during 

halt mode (no 

instructions are 

executed) 

1 

(6) 0 1 Halt mode (other than 

(3) or (5» 

Sleep mode (other than 

(3» 

System stop mode 

REF 23 12 Output Refresh: This line is asserted during the DRAM refresh 

cycle. During this cycle, the refresh address is output 

on the 12 low-order lines (Ao - All) of the address bus. 

*1 X: Don't care 

*2 The upper value shows lhe LIR pin status when lhe LIRE bit of lhe operation mode control register is I, and lhe lower 

value shows the LIR pin status when lhe LIRE bit is O. 

2.2.8 Interrupt Lines 

Pin 

Number Input/ 

Symbol CP-84 FP-80A Output Remarks 

NMI 13 2 Input Non-maskable interrupt: This line is used to request a 

non-maskable interrupt. 
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Pin 

Number Input! 

Symbol CP-84 FP-80A Output Remarks 

INTo 14 3 Input Interrupt 0: This line is used to request a level-O 

maskable interrupt. There are three different modes for 

level-O interrupts (see table). 

Mode Function 

0 Executing the instruction on the data 

bus 

1 Executing the instruction at address 

0038H 

2 Vector mode 

INTI 15 4 Input Interrupt 1 and 2: These lines are used respectively 

to request level-l and level-2. maskable 

INT2 16 5 Input interrupts (vector mode). 

2.2.9 DMA Lines 

Pin 

Number Input! 

Symbol CP-84 FP-80A Output Remarks 

DREQo 80 66 Input DMA request for channel 0: This line is used to 

request a DMA transfer using internal DMAC 

channelO. 

DREQI 81 67 Input DMA request for channell: This line is used to 

request a DMA transfer using internal DMAC 

channell. 

TENDo 82 68 Output Transfer end for channel 0: This line is used to indicate 

the end of a DMA transfer using internal DMAC 

channel O. It is asserted synchronously with the read 

cycle upon the last data transfer. 

TENDI 83 69 Output Transfer end for channell: This line is used to indicate 

the end of a DMA transfer using internal DMAC 

channell. It is asserted synchronously with the read 

cycle upon the last data transfer. 
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2.2.10 Serial 110 (MSCI) Lines 

Pin 

Number Input! 

Symbol CP-84 FP-80A Output Remarks 

TXDM 71 57 Output Transmit data from the MSCI: This line is used to 

output transmit data from the MSCL 

RXDM 68 54 Input Receive data to the MSCI: This line is used to input 

receive data to the MSCL 

TXCM 70 56 Input/ Transmit clock for the MSCI: This line is used to 

Output input/output the MSCI transmit clock. 

Three programmable modes: 

Input: • External transmit clock 

Output: • Transmit clock from the on-chip baud rate 

generator 

• Receive clock (used as the transmit clock) 

RXCM 69 55 Input/ Receive clock for the MSCI: This line is used to 

Output input/output the MSCI receive clock. This line can also 

be used to input the ADPLL operating clock. 

Four programmable modes: 

Input: • External receive clock 

• ADPLL operating clock 

Output: • Receive clock extracted by the ADPLL 

(when the on-chip baud rate generator is used 

as the ADPLL operating clock) 

• Receive clock from the on-chip baud rate 

generator 

RTSM 65 51 Output Request to send for the MSCI: Indicates that the 

HD64l80S has data to be output to a communications 

device such as modem. The output level can be 

automatically controlled by MSCI operation (auto-

enable function). This line can also be used as a 

general purpose output port. 

DCDM 66 52 Input Data carrier detect for the MSCI: Indicates that a 

communications device such as modem is receiving 

valid data from the communications line. MSCI receive 

operation can be automatically controlled by this input 

(auto-enable function). This line can also be used as a 

general purpose input port. 
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Pin 

Number Input! 

Symbol CP-84 FP-80A Output 

CTSM 67 

SYNC 64 

53 

50 

Input 

Input/ 

Output 

Remarks 

Clear to send for the MSCI: Indicates that a 

communications device such as modem is ready to send 

data to the communications line. MSCI transmit 

operation can be automatically controlled by this input 

(auto-enable function). This line can also be used ~ a 

general purpose input port. 

Synchronization for the MSCI: This line is used 

as an input in the external byte synchronous mode. 

Synchronization is established at the falling edge of 

SYNC. This line is used as an output in the byte sync 

(mono- or bi-) or HOLC mode. It indicates the inverse 

of the SYNCD/FLGD bit in MSCI status register 1 

(MSTl)*. In the asynchronous mode, this line is used 

as an input. The input value does not affect operation. 

* For details concerning MSCI status register 1 (MSTl), see section 4.2.10 "MSCI Status Register 1." 

2.2.11 Serial 110 (ASCIICSIO) Lines 

Pin 

Number 

Symbol CP-S4 FP-80A 

TXDA 79 65 

RXDA 76 62 

TXCA 78 64 

RXCA 77 63 
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Input! 

Output 

Output 

Input 

Input/ 

Output 

Input/ 

Output 

Remarks 

Transmit data from the ASCI/CSIO: This line is used 

to output transmit data from the ASCI/CSIO. 

Receive data to the ASCI/CSIO: This line is used to 

input receive data to the ASCI/CSIO. 

Transmit clock for the ASCI/CSIO: This line is used 

to input/output the ASCI/CSIO transmit clock. 

Two programmable modes: 

Input: • External transmit clock 

Output • Transmit clock from the on-chip baud rate generator 

Receive clock for the ASCI/CSIO: This line is 

used to input/output the ASCI/CSIO receive clock. 

Two programmable modes: 

Input: • External receive clock 
II 

Output • Receive clock from the on-chip baud rate generator 



Pin 

Number Input! 

Symbol CP-S4 FP-SOA Output Remarks 

RTSA 72 58 Output Request to send for ASCI/CSIO: Indicates that the 

HD64180S has data to be output to a communications 

device such as a modem. The output level can be 

automatically controlled by the ASCIICSIO operation 

(auto-enable function). This line can also be used as a 

general purpose output port. 

DCDA 73 59 Input Data carrier detect for ASCIICSIO: Indicates that a 

communications device such as a modem is receiving 

valid signals from the communications line. 

ASCIICSIO receive operation can be automatically 

controlled by this input (auto-enable function). This 

line can also be used as a general purpose input port. 

CTSA 75 61 Input Clear to send for ASCIICSIO: Indicates that a 

communications device such as modem is ready to send 

data to the communications line. ASCIICSIO transmit 

operation can be controlled automatically by this input 

(auto-enable function). This line can also be used as a 

general purpose input port. 

2.2.12 Timer Lines 

Pin 

Number Input! 

Symbol CP-84 FP-80A Output Remarks 

TINo 5 75 Input Timer inputs for channels 0 and 1: Event counter 

signals are input via these lines. 

TINl 6 76 Input 

TOUTo 7 77 Output Timer outputs for channels 0 and 1: Timer signals are 

output via these lines. 

TOUT! 8 78 Output 
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Section 3. Central Processing Unit (CPU) 

3.1 Overview 

The HD64180S's on-chip CPU features the following: 

• Software-compatibility with HD64180Z's CPU 

• Internal memory management unit (MMU) supports 1 Mbyte of physical address space (memory 
only) 

• Four external interrupt lines (NMI, INTo, INTI, and INT2) and 15 internal interrupt lines which can 

be software enabled/disabled 

• Internal I/O (MSCI, ASCI/CSIO, DMAC, etc.) controlled by I/O instructions 

• Three special operation modes (halt, sleep, and system stop) 

3.2 Basic CPU Architecture 

This section provides details about the CPU internal registers, addressing modes, instruction set, and 

the I/O space. 

3.2.1 CPU Internal Registers 

The CPU has two general register sets (GR and GR') and one dedicated register set. GR and GR' each 

consist of one 8-bit accumulator, one 8-bit flag register, and six 8-bit general-purpose registers. 

The dedicated register set consists of the interrupt vector register (I), the R counter (R), two index 

registers (IX and IY), the stack pointer (SP), and the program counter (PC). 

Figure 3-1 shows the configuration of the CPU internal registers. 
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GR register set 

Accumulator (A) Flag register (F) 

B register Cregister ~ 

D register Eregister > OR general-purpose registers 
Hregister Lregister ~ 

~ 8 bits ---I~-+I.~- 8 bits ----..j 

GR' register set 

Accumulator (A') Flag register (F') 

B'register C'register ~ 

D'register E'register > OR' general-purpose registers 

H'register L'register ~ 

r-- 8 bIts ---I~-+I."- 8 bIts ~ 

Dedicated register set 

Interrupt vector R counter (R) 

register (I) 

Index register (IX) 

Index register (IY) 

Stack pointer (SP) 

Program counter (PC) 

11-01 .. 1------ 16 bits -----l~~1 

Figure 3-1. Configuration of CPU Internal Registers 

Functions of the various registers are explained below. 

Accumulators (A and A'): The accumulators are operational registers used for 8-bit arithmetic, 

logical, and shift operations. The contents of accumulator A can be replaced with the contents of A' 

by executing an EX AF, AF' instruction. Following a reset operation, the values of the A and A' 

accumulators are undefined. ( 

Flag registers (F and F'): Flag registers indicate the status of the operation result. The contents of 

flag register F can be replaced with the contents ofF' by executing an EX AF, AF' instruction. 

Following a reset operation, the values of the F and F' registers are undefined. 
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7 6 5 4 3 2 

BitName I S Z _*1 H _*1 PN N 

Initial Value X*2 X*2 X*2 X*2 X*2 X*2 X*2 

*1 Reserved. These bits can be readlWritten by a PUSH AF or POP AF instruction. respectively. 
*2 Undefined. 

Bit 7: S (Sign) Flag 

S Functions 

o The result of an operation is positive ( MSB = 0) 

1 The result of an operation is negative (MSB = 1) 

Bit 6: Z (Zero) Flag 

Z Functions 

o The result of an operation is not 0 

1 The result of an operation is 0 

0 

C 

X*2 

Bit 5: Reserved. This bit can be read/written by a PUSH AF or POP AF instruction, respectively. 

Bit 4: H (Half Carry) Flag 

H is used for compensation in binary coded decimal (BCD) operations (DAA instruction). 

H Functions 

o Neither carry at the fourth bit from the LSB, nor borrow at the fourth bit from the MSB 

has occurred. 

1 A carry has occurred at the fourth bit from the LSB, or a borrow has occurred at the fourth bit 

from the MSB . 

Bit 3: Reserved. This bit can be read/written by a PUSH AF or POP AF instruction, respectively. 

Bit 2: PN (Parity/Overflow) Flag 

The~PN bit functions as either a parity or overflow bit. As a parity bit, it shows whether the number 

of bits set to 1 in the accumulator after a logical operation is even or odd. As an overflow bit, it shows 

whether the result of a signed 8-bit arithmetic operation is between -128 and +127 or whether the 

result of a signed 16-bit arithmetic operation is between -32768 and +32767. 
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PlY Parity Overflow (8 bit) Overflow (16 bit) 

o Odd Result lies between -128 and +127 Result lies between -32768 and +32767 

1 Even Result lies outside of -128 to +127 Result lies outside of -32768 to +32767 

Bit 1: N (Negate) Flag 

N Functions 

o Addition instruction (ADD, INC, etc.) has been executed 

1 Subtraction instruction (SUB, DEC, CP, etc.) has been executed 

Bit 0: C (Carry) Flag 

The C bit is set when a carry or borrow at the MSB has been generated by an operation. When neither 

carry nor borrow has occurred. this bit is reset Carries and borrows are categorized as follows: 

• Carry generated by addition 

• Borrow generated by subtraction 

• Carry generated by shift or rotation 

C Functions 

o Neither carry nor borrow has been generated at the MSB 

1 Carry or borrow has been generated at the MSB 

General-Purpose Registers B, C, D, E, H, and L: The six 8-bit general-purpose registers in register 

set GR are used for operations and addressing. Registers B and C, D and E, or H and L can be used 

together as 16-bit registers. The reset values are undefmed. 

General-Purpose Registers B', C', D', E', H', and L': The six 8-bit general-purpose registers in 

register set GR' function in the same way as registers B, C, D, E, H, and L. They can be used in place 

of register set GR. An EXX instruction is used to swap the contents of the GR and GR' general­

purpose registers. The reset values are undefined. 

Interrupt Vector Register (I): The interrupt vector register specifies the high order byte of a 16-bit 

interrupt vector. This register is used for INTo mode 2, INTl, INT2, and internal interrupts except 

TRAP. This register is read or written using LD A, I or LD I, A instructions. By a reset, this register 

is initialized to OOH. For details about this register, see "Interrupt Vector Register (I)" in section 3.6.2 

"Interrupt Control Registers and Interrupt Enable Flags." 

R Counter (R): The 7-bit R counter indicates the number of executed opcode fetch cycles. The most 

significant bit is reserved. This register is read or written using an LD A, R or LD R, A instructions. 

The reserved bit can also be read and written. Upon reset, this counter is initialized to OOH. 
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Note: The content of the R counter has no relationship to the refresh address. The refresh address is 

generated by another internal counter, which cannot be accessed by the user. 

Index Registers (IX and IY): The I6-bit index registers are used for index addressing and I6-bit 

operations. 

For index addressing, the base address is loaded into the index register. The effective address of the 

data in memory to be accessed is generated by adding a signed 8-bit displacement to the base address. 

General-purpose registers (BC, DE), index registers (IX, IY) or the stack pointer (SP) can be used for 

the I6-bit operands (xx or yy) of instructions, such as ADD IX, xx or ADD IY, yy, that use index 

registers IX and IY. The contents of index register IX and IY are undefined by a reset. 

Stack Pointer (SP): The 16-bit stack pointer register holds the address of the top of the stack. It is 

initialized to OOOOH by a reset. 

Program Counter (PC): The I6-bit program counter register holds the logical address of the next 

instruction to be executed. 

The contents of this register are normally incremented by one each time a I-byte opcode or operand is 

accessed. When a jump instruction is executed, the jump destination address is loaded into this 

register. It is initialized to OOOOH by a reset. 

3.2.2 Addressing Modes 

The CPU supports eight addressing modes: implied, register direct, register indirect, indexed, 

extended, immediate, relative and I/O. 

Implied (IMP) Addressing: In the implied addressing mode, an address location is implied by the 

opcode, rather than being stated explicitly within the instruction. Such instructions operate on the 

accumulator (A), index registers (IX and IY), stack pointer (SP), general-purpose register HL, and bit 

positions specified by opcodes. 

Register Direct (REG) Addressing: In the register direct addressing mode, an 8- or 16-bit register is 

addressed directly. The g, g', ww, xx, yy, and zz opcode fields indicate the register. The field codes 

and corresponding registers are listed below. 
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8-Bit Register Specification 

g or g' field Specified Register 

0 0 0 B 

0 0 1 C 

0 1 0 D 

0 1 1 E 

1 0 0 H 

1 0 1 L 

1 1 0 

1 1 1 A 

16-Bit Register Specification 

wwfield Specified Register xx: field Specified Register 

0 0 BC 0 0 BC 

0 1 DE 0 1 DE 

1 0 HL 1 0 IX 

1 1 SP 1 1 SP 

yy field Specified Register zz field Specified Register 

0 0 BC 0 0 BC 

0 1 DE 0 1 DE 

1 0 IY 1 0 HL 

1 1 SP 1 1 AF 

Register Indirect (REGI) Addressing: In the register indirect addressing mode, the contents of two 

general-purpose registers indicate the 16-bit memory address. 

Be 
DE 

~ HL Data 

Memory 
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Indexed (INDX) Addressing: In the indexed addressing mode, the effective address of the data in 

memory is generated by adding a signed 8-bit displacement (d) to the contents of an index register 

(IXorlY). 

Opcode 1 

Opcode 2 Sign extens ion 

Displacement (d) 

1 
IXorlY T 

Data 

Memory 

Extended (EXT) Addressing: In the extended addressing mode, the 16-bit data address is specified 

by the 2-byte operand (m, n) following the opcode. 

Opcode 

n 
} 2-byte operand 

m 

I m I n Data 
, 

L.. 
Memory 

Immediate (IMMED)Addressing: In the immediate addressing mode, a I-byte operand (m) or 2-

byte operand (m, n) following the opcode is used as data. 

m } 1-byte operand ~ t=±=j } 2-byte operand 

Opcode 
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Relative (REL) Addressing: The relative addressing mode is only used for jump instructions. A 

jump address is generated by adding a signed 8-bit displacement (j) to the contents of the program 

counter (PC). For conditional jump instructions. the jump address is only generated when the . 

specified jump condition is satisfied. 

I Opcode I Sign extension 
1t--------------1~ Displacement (j) I 

l Program counter (PC) I 

JJO Addressing: The I/O addressing mode is only used for I/O instructions. The specified address is 

handled as an I/O address (IOE = 0). An address is output in one of the following ways: 

(1) The operand contents are output to address bus lines Ao - A7. and the accumulator contents are 

output to A8 - AlS. 

(2) The C register contents are output to address bus lines Ao - A7. and the B register contents are 

output to A8 - AlS. 

(3) The operand contents are output to address bus lines Ao - A7 and OOH is output to As - AlS. (This 

can be used when accessing an internal I/O register.) 

(4) The C register contents are output to address bus lines Ao - A7 and OOH is output to A8 - AlS as an 

address. (This can be used when accessing an internal I/O register.) 
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3.2.3 Instruction Set 

The CPU instruction set can be diVided into five groups: 

• Data manipulation instructions 

• Data transfer instructions 

• Program control instructions 

• I/O instructions 

• Special control instructions 

Instruction length varies from one to four bytes. Typical formats are shown below. 

7 6 5 4 3 2 1 0 
I-byte instruction 

1
0 1 I g g' I 
7 6 5 4 3 2 1 0 

2-byte instruction 

1° 
0 g 1 1 

°1 m 

7 6 5 4 3 2 1 0 
3-byte instruction 1 1 0 1 1 1 0 1 

0 1 I g I 1 1 0 

d 

7 6 543 2 1 0 

4-byte instruction 1 1 0 1 1 1 0 1 

0 0 1 1 0 1 1 0 

d 

m 

For details concerning the instruction set, see Appendix A. 

Supplemental Explanation: Conditional jump and call instructions 

LDg,g' 

LDg,m 

Immediate data 

LD g,(IX+d) 

Displacement 

LD (IX+d),m 

Displacement 

Immediate data 

The execution of a conditional jump instruction (IP f, mn) varies according to whether the jump 

condition is satisfied or not. 
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Consider the following example in which the JP NZ, 6000H instruction is executed (figures 3-2 and 3-3). 

5000H 

5001H 

5002H 

5003H 

6000H 

6001H 

JPNZ, (C2H) 
--

OOH 

60H 

SLP (EDH) 

76H 

LD (32H) 
1------

OOH 

70H 

(The MMU base register value is OOH.) 

Figure 3-2. When JP NZ, 6000H Instruction is at 5000H 

IiJ 

r Address 
Condition I 
is satisfied 1 

l Data 

r Address 
Condition is \' --"'~----I\..._---f 
not satisfied 

Data 

Figure 3-3. Conditional Branch Execution Timing 
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If the jump condition is not satisfied in this case, the second byte in memory (m) of the JP f, mn instruction 

operand is not read. The number of executed states in this case is 6. Similarly, for conditional call 

instructions (CAlL f, mn), if the condition is not satisfied the second byte (m) is not read. 

3.2.4 I/O Space 

All registers except the accumulator, flag, general purpose, and dedicated registers which are CPU 

registers, exist in the I/O space and can be accessed by I/O instructions. These registers occupy 136 

bytes of the I/O space (addresses OOOOH to 0087H). Addresses OOEOH to FFFFH in the I/O space are 

allocated to external I/O. 

Addresses 0088H to OODFH are reserved and cannot be used. 

Figure 3-4 shows the I/O space configuration. 

1 Extemall/O 

IFFFFH 

OOEOH 
~----------~-----

OODFH 
Reserved 

0088H 
~--------------~ 

0087H 

IntemalVO 

~--------------~OOOOH 

Figure 3-4. I/O Space Configuration 

• Precautions for internal I/O registers 

(1) The internal I/O registers are located addresses OOOOH to 0087H in the. 64 kbyte I/O space. The 

high-order byte of the I/O address must therefore be OOH. For example, an OUT (m), A 

instruction causes the A register contents to be directly output to the high-order byte of the I/O 

address. Therefore, this instruction cannot be used to write to the internal I/O registers. For the 

same reason, OTIR, OTDR,INIR, and INDR must not be used. When other I/O instructions are 

used to access the internal I/O registers, the high-order byte of the I/O address must be OOH. 
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Thus. for example. the A register must be initialized to OOH before executing an IN A. (m) 
instruction. 

INO g. (rn). OUTO (m), g, OTIM, OTIMR, OTDM, OTDMR, and TSTIO m instructions are 

convenient for accessing the internal I/O registers. These instructions automatically set the high­
order address to OOH. 

(2) IT an external I/O is referenced by the same I/O address as an internal I/O register, the following 

operations are performed: 

• Write operation: The value written in the internal I/O register is also written to the 

external I/O. 

• Read operation: The external I/O can be read, but the read data cannot be sent to the CPU. 
Rather, the internal I/O value is sent. 

In either case, the number of wait states is O. 

(3)Note that the I/O addresses for internal I/O registers (the MMU register, etc.) that are 

functionally identical for the HD64180Rl and HD64180Z have been changed in the 
HD64180S. 

3.3 CPU Basic Operation Timing 

3.3.1 Outline 

This section explains the timing of the following CPU basic operations: 

• Opcode fetch 
• Memory read/write 

• I/O read/write 
• Basic instruction execution 
• Interfacing with Z80*-based peripheral LSIs 

Basic operations consist of one or more machine cycles (MCs). For memory or I/O accesses, a 

machine cycle consists of three states, n, T2, 'D. For an internal cycle, a machine cycle consists of a 

single cycle state (Ti). 

* Z80 is a trademark of Zilog, Inc. 
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For slow memory or I/O subsystems, a Tw (wait) state can be inserted between the T2 and 1'3 states. 
Insertion of the Tw state is controlled either by hardware (using the WAIT line) or by software (using 

internal registers). For details, see section 9 "Wait Controller. " 

Table 3-1 shows the internal register used for interfacing with Z8O-based peripherals. 

Table 3-1. Register for Interfacing with ZSO-based Peripherals 

Register Name Symbol 

Operation mode control register OMCR 

• "Initial value" means the value aftec a hardwa,re reseL 

3.3.2 Opcode Fetch Timing 

I/O Address 

0004H 

Initial Value­

MSB++LSB 

11100000 

ReadlWrite 

R/W 

Figure 3-5 shows the timing of an opcode fetch with no wait states. In the first half of the Tl state, the 

contents of the PC are output to the address bus (Ao - A19). When the MMU is used, address 

information is extended to 20 bits. In the second half of the Tl state, the ME and RD signals are 

asserted to enable memory access. 

The opcode is read from the data bus at the rising edge of the III clock of the 1'3 state. The LIR signal 

remains active (low) from the ftrst half of the Tl state to the first half of the T3 state, indicating that an 

opcode fetch cycle is in progress. 1. 

If this cycle is the ftrst opcode fetch cycle, the ST signal remains low from the middle of the T1 state 

to the end of the T3 state. For the second or third opcode fetch cycle, the ST signal remains high 

throughout this period. Thus, by checking the level of the ST and LIR signals, it can be determined 

whether this cycle is the fIrst or the other opcode fetch cycle. 

• 1 Asserting the LlR signal can be inhibited by clearing the LIRE bit in the operation mode con1ro1 registec. For details, 

see section 3.3.6 "Interfacing ZSO-based Peripheral LSIs." 
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Opcode fetch cycle 

tIJ 

Ao-A18 

WAIT 

LlR 

ME 

RD 
: :: : 

SecOnd or third oPcode fetch cycle 

ST 

Figure 3-5. Opcode Fetch Timing 

Figure 3-6 shows the timing of an opcode fetch with wait states. If the WAIT signal is active at the 

falling edge of the T2 state, a Tw state is inserted in the next cycle. If the WAIT signal is still active at 

the falling edge of the Tw state, another Tw state is inserted. If the WAIT signal is not active, the bus 

cycle enters the T3 state and then completes the opcode fetch cycle. The ME, RD. and UR signals 

maintain their current levels while wait states are being inserted in this way. 
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Opcode fetch cycle 

Tw Tw Ts 

Ao-A19 Opcode address 

00-07 

WAIT 

LlR 

ME 

RO 

ST 

Figure 3-6. Opcode Fetch Timing with Wait States 
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3.3.3. Memory Data ReadIWrite Timing 

Memory data readlwrite timing differs from opcode fetch timing in the following ways: 

• The LIR signal remains inactive. 

• In memory read cycles, the data latch timing is delayed by a half clock cycle (data is read at the 

falling edge of the T3 state). 

The output timing of addresses, and the ME and the RD signal timings are the same as for the opcode 

fetch cycle. 

Immediate data, displacement, and extended address data is latched using the same timing scheme as 

memory data. 

For memory write operations, the ME signal becomes active during the second half of the Tl state and 

the WR signal becomes active during the frrst half of the T2 state. VaIid data is output on the data bus 

(Do - 01) during the second half of the Tl state. The ME and WR signals become inactive during the 

second half of the T3 state. Data on the data bus is valid until the end of the (T3) state. 

Figures 3-7 and 3-8 show memory read/write timing withoutlwith wait states, respectively. 
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I" 
Memory read cycle Memory write cycle 

T1 T2 Ta T2 Ts 

fiJ 

Ao-Al8 Memory address 

00-07 jWrltedata. ! 

WAIT 

ME 

RO 

WR 

Figure 3·7. Memory ReadlWrite Timing 
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Memory read cycle Memory write cycle 
·1 

Tw T3 T2 Tw T3 

Ao-A19 Memory address 

00-07 Write data 

WAIT 

ME 

Figure 3·8. Memory ReadlWrite Timing with Tw States 

3.3.4 110 ReadlWrite Timing 

I/O read/write timing is essentially the same as memory read/write timing (see section 3.3.3 "Memory 

Data ReadIWrite Timing"). Note, however, the following differences: 

• The IOE signal is used instead of the ME signal. 

• The I/O address is !lutput to the address bus (Ao-A19). I/O addresses are not translated by the 

MMU and consequently lines (A16 - A19) always remain low. 
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Figure 3-9 shows external I/O read/write timing with wait states. Wait states are not inserted during 
internal I/O accesses. 

The falling edge of the Tl clock or the rising edge of the 1'2 clock can be selected as the 10E ana RD 
signal activation events. For details. see section 3.3.6 "Interfacing Z80-based Peripheral LSls." 

VO read cycle VO write cycle-

T2 Tw Ta T2 Tw Ta 

f'IJ 

Ao-A18 

Do-D7 

WAIT 

IOE 

RD 

WR 

Figure 3-9. External I/O ReadlWrite Timing with Wait States 
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3.3.5 Basic Instruction Execution Timing 

Figure 3-10 shows the timing of a data transfer instruction, LD (IX + d), g as a typical example. This 

3-byte instruction involves two opcode fetch cycles and one displacement read cycle. In addition, 

during a memory write cycle the contents of register (g) are transferred to the address location 

detennined by adding displacement (d) to the contents of index register (IX). In the example shown 

in figure 3-10, wait states are not inserted. 

CPU Inlernal operation Next Inslruo1lon 
Memory wrlle cycle '1 • felch cycle 

I 
Ao-AI9 IX PC X PC+1 :X PC+2 IX IX+d IX PC+3 

DDH 'Ci"*' L..::.-J g* 
70H-77H 

LlR -~ I~ / \ 
- h r \ r ME \ / \ r \ 
- h r \ r \ / \ RD 

WR 

- h / \ ST 

~y~~:lne 11+. --:-M:-::C:"":"1-'-* -.j.·I-· --:-:M""'C-2-~·..j.I·~--:-M-:-:C:-:3:---·1+1 M-C~4*"-M-C-5+-' M-C-6+/'I-' --M-=-C--7--+l'1 

·d: Displacement 
g: Contents of register g 
MC: Machine cycle 

Figure 3-10. Basic Instruction Execution Timing Example 

(LD (IX + d), g instruction) 
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3.3.6 Interfacing ZSO-based Peripheral LSIs 

A special function allows the HD64180S to interface with ZSO-based peripheral chips. The operation 
mode control register (OMCR) is used to select this function. 

To permit interfacing with Z80-based peripheral LSIs, note the following differences from normal 
operation: . 

• LIR signal timing 
• IOE and RD signal timing 
• RET! instruction (return from INTo interrupt) timing 

Operation Mode Control Register (OMCR): The OMCR register controls the LIR, IOE, and RD 
line outputs, and is used for interfacing with Z80-based peripheral chips. For more information about 
the LIR, IOE, and Ri5 lines, see section 2 "Pin Assignments and Signal Descriptions;" 

7 6 5 4 3 2 

Bit Name I LIRE LlRTE 10C -. -. -. 
ReadlWrite RIW W RIW 

Initial Value 0 0 0 

-, 
LlR Enable 
0: The LlR output is low 

only during the opcode 
fetch cycle 2 of the 
RETI Instruction and 110 Compatibility 
the first machine cycle 0: Output of the IDE and RD lines is compatible 
of the INTo interrupt with that of the ZSO-based peripheral LSls. 
acknowledge cycle. 1: Normal operation 

1: Normal operation 

URTemporary Enable 
0: When the LIRE bit is 0, the LlR output i~ low only for 

the opcode fetch cycle immediately after 0 is written 
to the LlRTE bit. 

1: Normal operation 

• Reserved. These bits always read 0 and should be set to O. 

. -

0 

To interface with Z80-based peripheral LSls, set the bits of the OMCR as shown in table 3-2. 
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Table 3·2. OMCR Setting 

Daisy·chained Interrupt from 
Z80-based Peripheral LSIs LIRE 
Used 0 -----------------------------------------------------------
Unused Oor I 

ZSOPIO 

Used o enables interrupts from the ZSO PIO 

Unused Setting is unnecessary 

Z80CTC 

Used o 
Unused Oorl 

Bit 7: LIRE (LIR enable) 

LIRE controls the LIR pin output. This bit is set to 1 by a reset. 

LIRE Function 

o LIR disabled 

1 LIRenabled 

When disabled, LIR is active (low) only during: 

• The opcode fetch cycle 2 of a RETI instruction (see "RETI Instruction" at the end of this section) 

• The fIrst machine cycle of an INTo interrupt acknowledge cycle 

LIRE = 0 is used for interfacing with Z80-based peripherals that support daisy-chained interrupts. 

When enabled, LIR is active (low) during: 

• Opcode fetch cycles 
• The fIrst machine cycle of an NMI interrupt acknowledge cycle 

• The fIrst machine cycle of an INTo interrupt acknowledge cycle 

LIRE can be set 1 when daisy-chained interrupts are not supported. 

Bit 6: LIRTE (LIR Temporary Enable) 

The write-only LIRTE bit is used LIRE can be set 1 when daisy-chained interrupts are not supported 
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to activate the LIR pin output. This bit is used to enable interrupts from the Z80 PIO after intemal 

control registers have been set At this time the Z80 PIOs support daisy-chained interrupts. This bit 

always reads 1 and is set to 1 by a reset. 

When LIR'IE is 0 (active), LIR output depends on the state of the URE bit. When LIRE is 1, LIR 

output is not affected. When LIRE is 0, LIR output goes low only during the opcode fetch cycle 

immediately after 0 is written to the LIR'IE bit (see figure 3-12). 

Function 

o LIR goes low in next opcode fetch if LIRE = 0 

1 LIR output enabled/disabled by URE 

When clearing the LIR'IE bit, all interrupts must be disabled (interrupt enable flag IEFI must be set to 

o by a DI instruction). The instruction that clears the LIR'IE bit must be followed by an instruction 

with a I-byte opcode. Figure 3-11 shows an example. 

Hexadecimal 

F3 

F5 

ED 38 04 

CB B7 

ED 39 04 r---, 
~ .. Fll "'--_.1 

FB 

---1-byte opcode 
instruction 

Mnemonic 

DI : Disable interrupts (IEFlz O. IEF2a 0) 

PUSH AF : Save accumulator contents to stack 

INO A, (OMCR) 

} '_OIo~.URTE" RES 6, A 

OUTO (OMCR), A 

POP AF : Restore accumulator contents 

EI : Enable interrupts (IEFl-1. IEF2 _ 1) 

Figure 3-11. Example of Program for Clearing the LIRTE Bit 
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Figure 3-12 shows the timing when the LIRE bit remains 0 and the LIR1E bit is cleared. 

I· 
Operation mode control register 
write cycle 

Opcode fetch cycle of next instruction 
(1-byte opcode instruction) 

"I" "I 

t 
DMA, refresh, and/or bus release cycles may be inserted 

Figure 3-12. Timing When 0 is Written to LIRTE Bit (with LIRE = 0) 

Bit 5: IOC (I/O Compatibility) 

The laC bit controls the IOE and RD line outputs. When this bit is 0 during an JlO read or write 

cycle, the IOE and RD line outputs are compatible with those of Z80-based peripherals. The laC bit 

has no effect on the RD line output during a memory read cycle or the IOE line output during an INTO 

interrupt acknowledge cycle. When laC is 0, the IOE line output goes low at the rising edge of the T2 

state during an I/O read or write cycle and the RD line output also goes low at the rising edge of the 

T2 state during an JlO read cycle (see figure 3-13(a». 

The laC bit goes to 1 after a reset. 

When laC is 1, the IOE line output during an JlO read or write cycle and.the RD line output during an 

JlO read cycle go low at the falling edge of the Tl state (see figure 3-13(b». 

Function 

o IOE and RD timing are Z80-compatible 

1 IOE and RD timing are not Z80-compatible 
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Figure 3-13 shows the I/O read and write cycle timing. 

VOread cycle I/Owrite cycle 
-I 

T3 

SLJ 
IOE 

RD 

WR 

Figure 3·13.(a) I/O Read and Write Cycle Timing for JOC = 0 
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voread cycle VOwritecycle 

IOE 

RD 

WR 

Figure 3.13.(b) I/O Read and Write Cycle Timing for IOC = 1 

Bits 4·0 : Reserved. These bits always read 0 and should be set to O. 

RETI Instruction: In order to interface with Z80-based peripherals, the operation of the RET! 

instruction (return from INTo interrupt) differs from other instructions as follows: 

• The CPU fetches the 2-byte opcode (EDH, 4DH) twice. During the opcode fetch cycle 2, an 

internal operation (Ti) cycle is inserted between the EDH and 4DH fetch cycles. 

• If the LIRE bit is 1, the LIR line goes low during both the opcode fetch cycle 1 and 2 in the RET! 

instruction. 

If the LIRE bit is 0, the LIR line goes low during the opcode fetch cycle 2, but remains high during 

the opcode fetch cycle 1. 

The operations of the RET! and RET instructions are identical except that the RET! instruction, when 

placed at the end of an INTo interrupt processing routine, allows a Z80-based peripheral to detect the 

end of the routine by decoding this instruction code. 

Figure 3-14 shows the timing for a RET! instruction. Interrupt lines are not sampled at the end of the 

opcode fetch cycle 1 in the RET! instruction, rather, they are sampled 1.5 clock cycles before the end 

of the stack read cycle. 
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""'" 0-

J: 

~ 
(') 
J: -

IIJ 

Ao-A19 

Do-D7 

_ r When LIRE = 1 

LlR l When LIRE = 0 

ME 

RD 

ST 

RETI instruction execution cycle 

I: Opcode fetch cycle 1 • I I • Opcode fetch cycle 2 • I • Stack read cycle : I 
Tl 

Figure 3·14. RETI Instruction Timing 



Table 3-3 gives the bus cycle states for RET! instruction execution. 

Table 3·3. Bus Cycle States for RET! Instruction Execution 

States Address Data RD WR ME IOE LIR HALT ST 

MCI Tl T2 T3 First opcode First 0 I 0 1 0* 1 0 

address opcode 1 

MC2 Tl T2 T3 Second opcode Second 0 1 0 1 0* 1 1 

address opcode 1 

MC3- Ti Ti Ti Undefmed Z 1 1 1 1 1 1 1 

MC5 

MC6 Tl T2 T3 First opcode First 0 1 0 1 0 1 1 

address opcode 

MC7 Ti Undefined Z 1 1 1 1 1 1 1 

MC8 Tl T2 T3 Second opcode Second 0 1 0 1 0 1 1 

address opcode 

MC9 Tt T2 T3 SP Data 0 1 0 1 1 1 1 

MClD Tl T2 T3 SP+ 1 Data 0 1 0 1 1 1 1 

Z (data): High impedance 

Note: ... The upper number indicates the LIR line status when the LIRE bit = I, and the lower number indicates 
the status when the LIRE bit = O. 
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3.4 Chip Operation Modes 

3.4.1 Outline 

The HD641S0S supports five chip operation modes: 

• Resetmode 

• Normal operation mode 

: ='~::::.::.::::::::T:·=::=:·="··· } SpeciBl __ tion mode. 

The sleep and system stop modes are low power modes in which power dissipation is reduced. 

The halt, sleep, and system stop modes are special operation modes in which the HD641S0S's internal 

states differ from those in the normal operation mode. 

The HD641S0S can be placed into any other operation modes from the normal operation mode (see 

figure 3-15). The HD64180S can be returned to the normal operation mode from a special operation 

mode by an interrupt. 

If the RESET signal is held active (low) for 6 clock cycles or more in the normal or special operation 

mode, the HD64180S is placed in the reset mode. In this mode, the HD641S0S is stopped completely. 

HD64180S operation is restarted in the normal operation mode when the RESET signal is deactivated. 

Table 3-4 lists the status of the functional blocks of the HD641S0S in the various operation modes. 

If the BUSREQ signal is asserted in the normal or special operation modes, the HD64l80S enters the 

bus release mode. When this mode is set, the HD64180S passes bus control to an external I/O device. 

See section 3.5 "Bus Arbiter" for details concerning the bus release mode. 
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\ 

Figure 3·15. Operation Mode Transitions 

Table 3·4. The Status of the Functional Blocks in the Various Operation Modes 

~ 
CPU Built·in MSCI ASCII Timer Refresh Bus Release 

Function DMAC CSIO Control· Mode 
Chip Oper. ler 
ationMode 

Reset mode ----- ._--- . _ .. _- . _._ .. ---_ . ----- -----

Normal operation mode 0 0 0 0 0 0 0 

Halt mode 0* 0 0 0 0 0 0 

Sleep mode ----- 0 0 0 0 0 0 

System stop mode ._ .. _- ... _- ._--- ----- . _--- --_ .... 0 

(0: Operation enabled, ••••• : Operation disabled) 

* Instructions are not executed (the CPU repeatedly fetches the instruction that follows the halt instruction). 
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/ 
/ Table 3-5 shows the register used to specify the low power dissipation mode. 

Table 3-5. LowPower Dissipation Mode Specification Register 

Register Name Symbol I/O Address 

I/O control register IOCR 0005H 

* The initial value is the value after a hardware reset 

3.4.2 Reset Mode 

Initial Value* 
MSB +-+LSB 

oooooooo 
Read/Write 

R/W 

If the RESET pin is held low for six or more clock cycles, all HD64180S functions are reset and the 

NPU enters the reset mode. In this mode, the HD64180S operates as follows. 

• The CPU, MSCI, ASCI/CSIO, DMAC, refresh controller, and timer are halted and their internal 

states are reset. 

• The Ao - A19 and Do - D7 pins go to high impedance and all output pins are initialized to their 

predefined values. 

• The on-chip oscillator continues to output the III clock. 

• The CPU does not acknowledge external <NMI. INTo, INTi, INT2) or internal interrupts. 

• The CPU does not acknowledge the BUSREQ signal. 

The RESET line is sampled at the falling edge of every III clock. If the RESET line is low for three 

successive cycles, the HD64180S enters the reset mode after a half clock cycle delay. 

Note that although the HD64180S enters the reset mode after only three and a half clock cycles, 

normal reset operation is not guaranteed unless the RESET is held low for six clock cycles (at the 

falling edge of the III clock). 

The HD64180S will leave the reset mode once the RESET line is deactivated. If the RESET line 

remains high for three successive III clock falling edges, the HD64180S leaves the reset mode after a 

half clock cycle delay and resumes execution in the normal mode with an.opcode fetch from logical 

address OOOOH (Physical address OOOOOH). 

Figure 3-16 shows the timing for entering and leaving the reset mode. 

Note: When the HD64180S enters the reset mode, the delay time for the Ao - AI9 and Do - D7 pins to go to high 

impedance from the f1I clock rising edge and the delay time for output pins LIR, ME, IOE, RD, WR, REF, HALT, 

and BUSACK to go high from the f1I clock rising edge is 10 f1I clock cycles maximum. 
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Reset mode 

" 
RESET 

Arr-A19 
High impedance 

Drr-D7 
High impedance 

LlR 

ME 

RD 

ST 

IOE, WR, REF, 

HALT, BUSACK ---------__+' 
:-- Delay time: max 10" clocks 

Figure 3-16. Reset Mode Timing 

Normal operation mode 
(restart after a reset) 

'I: Opcode fetch 

T1 T2 
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3.4.3 Normal Operation Mode 

In the normal operation mode, the HD64180S operates as follows: 

• The CPU fetches and executes instructions. 

• The MSCI, ASCI/CSIO, DMAC, refresh controller, and timers are enabled. 

• The on-chip oscillator continues to operate. 

• The CPU accepts external (NMI, INTo, INTI, INT2) and internal interrupts . 

• The CPU can be placed in the bus release mode by asserting the BUSREQ signal. 

The HD64180S can be placed into any of the other operation mode from the normal operation mode 

as follows: 

• When the RESET signal is held low for six or more clock cycles, the HD64180S enters the reset 

mode. 

• When a HALT instruction is executed, the halt mode is entered. 

• When an SLP instruction is executed while the IOSTP bit'" is 0, the sleep mode is entered. 

• When an SLP instruction is executed while the IOSTP bit is I, the system stop mode is entered . 

... Bit 7 of the I/O control register. This bit specifies the low power dissipation mode. For details, see section 3.4.5 

"Sleep Mode." 

From one of the special operation modes (halt, sleep, or system stop), the HD64180S can return to the 

normal operation mode following an interrupt. However, the type of interrupt that can be 

acknowledged and whether or not interrupt processing is performed depends on several conditions. 

For details, see sections 3.4.4 "Halt Mode," 3.4.5 "Sleep Mode," and 3.4.6 "System Stop Mode" 

below. 

3.4.4 Halt Mode 

Executing a HALT instruction (76H) in the normal operation mode causes the HALT line to go low 

thus placing the HD64180S in the halt mode. 

Internal operation in the halt mode is outlined below. 

• The CPU internal clock does not stop. The CPU repeatedly fetches the instruction which follows 

the HALT instruction. 

• The MSCI, ASCI/CSIO, DMAC, refresh controller, and timers continue operating. 

• The on-chip oscillator continues to operate. 
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• The CPU accepts external (NMI, INTo, INTI, INT2) and internal interrupts. 

• The CPU can be placed in the bus release mode by asserting the BUSREQ signal (active low). 

Operation in the halt mode is the same as operation in the normal mode, except that no instructions are 

executed. The HD64180S can leave the halt mode in two ways: 

(1) Reset 

If the RESET signal is held low for six or more clock cycles, the HD64180S is reset and leaves the 

halt mode. 

(2) Interrupt 

If interrupt enable flag lEFt is set to 1 (interrupt enabled) and either a maskable external (INTo, INTI, 

or INT2) or internal interrupt occurs, the HD64180S leaves the halt mode and branches to the 

appropriate interrupt processing routine. If an NMI interrupt occurs in the halt mode, the HD64180S 

leaves the halt mode and branches to the interrupt processing routine, regardless of the value of the 
IEFI flag. 

If an interrupt is requested 1.5 clock cycles before the end of the opcode fetch cycle for a HALT 

instruction, the HD64180S will not enter the halt mode. It branches to the interrupt processing routine 

after fetching the HALT instruction opcode. 

Figure 3-17 shows the timing for entering the halt mode and leaving after an interrupt. 
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c.r. 
,Jo.. 

:t 
~ o 
! 

HALT instruction Interrupt 
opcode fetch HALT mode acknowledge cycle 

I- -I- -I-
T, T2 T3 T, T2 T3 n Th Th n Th 

fiJ 

NMI ~/ 

INTo, INT" INT2 r 
Ao-A,g ~ :HAL T opcode fddr+s 

. "\r 

H~L T opcode address + 1 
" 

Do-D7 

HALT 

L1R 

ME 

RD 

76H 

-n: :1 

Instruction succeeding 
the HALT instruction 
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3.4.5 Sleep Mode 

Executing an SLP instruction (EDH, 76H) while the IOSTP bit in the I/O control register is 0 causes 

the CPU internal clock to stop and the HALT line to go low, thus placing the HD64180S in sleep 

mode. In this mode, power dissipation is reduced because the CPU internal clock is stopped. 

VO Control Register (IOCR) 

The I/O control register is used in combination with a SLP instruction to specify the low power 

dissipation mode (sleep or system stop). 

7 6 5 4 3 2 0 

alNamel IOSTP -, -, -. -' -• -. -, 

ReadlWrite RIW 

Initial Value 0 0 0 0 0 0 0 0 

I 
110 Slop 
0: Sleep mode (SLP instruction execution) 
1: System stop mode (SLP instruction execution) 

• Reserved. These bits always read 0 and should be set 10 O. 

Bit 7: IOSTP (I/O stop) 

This bit specifies the low power dissipation mode. 

IOSTP Function 

o SLP instruction causes the HD64180S to enter the sleep mode 

1 SLP instruction causes the HD64180S to enter the system stop mode 

Setting value to IOSTP bit has no effect on the operation ofHD64180S internal functions. The 

execution of SLP instruction causes the HD64180S to enter either the sleep mode or the system stop 

mode according to the value. 

This bit is cleared by a reset. 

Bits 6-0: Reserved. These bits always read 0 and should be set to O. 

Internal operations in sleep mode are as follows: 
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• The internal CPU clock stops and the CPU stops operating . 

• The MSCI, ASCI/CSIO, DMAC, refresh controller, and timers continue operating. 

• The on-chip oscillator'continues operating. 

• The CPU accepts external (NMI, INTo, INTI, INT2) and internal interrupts. 

• Asserting the BUSREQ line causes the CPU to enter bus release mode. 

The HD64180S can leave sleep mode in the following two ways: 

(I) Reset 

If the RESET signal is held active for six or more clock cycles, the HD64180S is reset and leaves the 

sleep mode. 

(2) Interrupt 

If either an external (NMI, INTo, INTl, INT2) or an internal interrupt.occurs, the HD64180S leaves 

the sleep mode and enters normal mode. Unlike in the halt mode, the HD64180S leaves the sleep 

mode following an interrupt, even if the interrupt is disabled by lEFl = O. 

If interrupts are disabled by interrupt enable flag lEFl, the CPU executes the instruction following the 

SLP instruction after leaving the sleep mode. If interrupts are enabled, the CPU branches to the 

corresponding interrupt processing routine. 

In the sleep mode, level-sensitive extemal interrupts (INTo, INTl, or INT2) are sampled at every 

falling edge of the f1I clock. If an extemal interrupt line is active when sampled, the HD64180S leaves 

the sleep mode after 2.5 clock cycles. Note that the external interrupt line must be active for at least 

two successive samples. 

If an NMI interrupt occurs in sleep mode, the HD64180S leaves the sleep mode and branches to the 

interrupt processing routine, regardless of the IEFl flag. 

If the falling edge of an NMI signal is input before the falling edge of the f1I clock in the sleep mode, 

the HD64180S leaves the sleep mode 2.5 clock cycles after the f1I clock falling edge. After leaving the 

sleep mode, the CPU starts the NMI acknowledge cycle. 

Figure 3-18 shows the timing for entering the sleep mode and leaving after an interrupt 
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III 

NMI 

HALT 

LlR 

SLP Instruction second 
I' opcode fetch cycle 

Tl Tz Ta Ta," Tea" 

Sleep or system stop mode 

Ts Ts Ts 

FFFFFH 

'1' 
Ts 

Opcode fetch cycle or Interrupt 
acknowledge cycle 

Tl Tz 

*1 TSt and TS2 are special states inserted to enter sleep or system stop mode. Neither the bus release, refresh, or 

DMA cycles can be executed immediately after these states. H an interrupt is requested during a SLP instruction 

fetch, the CPU goes through Tst and TS2, then enters the opcode fetch or interrupt acknowledge cycle. 

*2 An arrow indicates the sampling timing of the INTo, INTt, or INT2lines. To generate these interrupts the low level 

must be sampled twice or more in succession. 

Figure 3·18, Sleep and System Stop Mode Timing 
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3.4.6 System Stop Mode 

Executing a SLP instruction while the IOSTP bit in the I/O control register is 1 causes the HALT line 

to go low and the OO64180S to enter the system stop mode. In this mode less power is dissipated 

than in the sleep mode since the clock supplied to the CPU and other functional units is stopped. For 

details of the I/O control register, see section 3.4.5 "Sleep Mode." 

Internal operation in system stop mode is as follows: 

• The CPU, MSCI, ASCI/CSIO, DMAC, and timers stop. 

• The refresh controller stops (the contents of DRAM are lost). 

• The 'on-chip oscillator does not stop. 

• The CPU accepts external interrupts (NMI, INTo,INTI,INn). 

• Asserting the BUSREQ line causes the CPU to enter bus release mode. 

The OO64180S can leave the system stop mode in the following two ways: 

(1) Reset 

If the RESET line is held low for six or more clock cycles, the OO64180S is reset and leaves the 

system stop mode. 

(2) Interrupt 

An external interrupt (NMI,INTo,INTI,INn) causes the OO64180S to leave the system stop mode 

and to enter the normal operation mode. 

If the interrupt enable flag lEFI is 0 and interrupts are disabled, the CPU resumes execution at the first 

instruction after the SLP instruction. If lEFI is 1 and interrupts are enabled, the CPU branches to the 

corresponding interrupt processing routine. 

If an NMI interrupt occurs, the CPU branches to the interrupt processing routine regardless of the 

value of the lEFt flag. 

The timing for entering and leaving the system stop mode using an interrupt is the same as that in the 

sleep mode (see figure 3-18). 
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3.5 Bus Arbiter 

3.5.1 Overview 

The HD64180S is equipped with a bus arbiter which arbitrates bus contention between the on-chip 

CPU, DMAC, refresh controller (internal devices), ~md external I/O devic.es. 

( Bus controt signal 

1 
< Data and address buses 

< I" 

II I JT 7 

I CPU I IDMAC I 
Refresh 

I I~xternat rl controller bus master 

I~ I~ I~ I~ I~ I~ 
iii iii 
" " '" .~ 'w 

II I~ <---- ii'i 
:> 

'--- Bus arbiter m 
---! 

- HD64180S 
(DMAC: Direct memory access (DMA) controlle" 

Figure 3-20. Bus Arbiter and Masters 
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As shown in figure 3-20, the on-chip CPU, DMAC, and refresh controller are internally connected to 
the arbiter via REQ and ACK lines. Internal devices use a request (REQ) signal to request bus control 

and the arbiter uses an acknowledge (ACK) line to acknowledge that a particular device has been 

given control of the bus. 

External I/O devices are connected to the arbiter via the external BUSREQ and BUSACK signals. 

BUSREQ and BUSACK function in the same way as the REQ and ACK signals do for internal 

devices. 

The bus arbiter constantly samples the bus request signals (REQ and BUSREQ) looking for one of the 

lines to go low. Once the arbiter detects a bus request signal, it passes control of the bus to the 
appropriate device by asserting its acknowledge line (ACK or BUSACK). The device has control 
until the acknowledge line is deactivated (goes high). 

If bus control is requested from more than one device at the same time, the bus arbiter passes control 

to the device with the highest priority. 

Devices are givel,l the following priority: 
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External bus master> refresh controller> DMAC > CPU. 

Note: The term "bus master" is used in this manual to refer to a CPU, internal I/O device, or external I/O device which 

already has or can request the bus control. 

3.5.2 Timing for Passing Bus Control 

The priority assignment is only used when several devices request control at the same time. 

Depending on the devices involved, bus control will not necessarily be passed immediately to a 

higher-priority device as soon as it requests bus control. Various contention situations are discussed 

in this section. 

(1) When the CPU has control 

When the CPU has control of the bus and a request is received from another device via internal REQ 

lines or BUSREQ line, the arbiter can pass control at the end of any machine cycle (immediately after 

a T3 or Ti state). An opcode fetch, memory read/write, or I/O read/write machine cycle (3 ~ clock 

cycles without wait states) is equivalent to one machine cycle. For internal CPU operations (Ti 

states), one state (1 ~ clock cycle) is equivalent to one machine cycle. 

• The arbiter cannot pass bus control immediately after the following states: 

G> Second machine cycle (Ti state) of a DJNZ j instruction. 

~ TrP state of a TRAP acknowledge cycle when the second opcode is undefmed. 

® TSl or TS2 state at the start of the sleep or system stop mode. 

(2) When the refresh controller has control 

When the refresh controller has control of the bus, the arbiter can pass control at the end of each 

machine cycle (immediately after a TR2 state). One machine cycle consists of two states if no wait 

states are inserted. 

(3) When the DMAC has control 

When the DMAC has control of the bus, the arbiter can pass control at the end of each machine cycle 

(immediately after a T3 or Ti state). For example, during a DMA transfer in burst mode, when a 

device having a priority higher than the DMAC requests control, the DMAC suspends the transfer at 

the end of the current machine cycle and releases control. When the higher priority device releases 

the bus (by placing the bus request signal high), the DMAC is given control and resumes the transfer. 
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• The arbiter cannot pass bus control immediately after the following states. See section 6 "Direct 
Memory Access Controller (DMAC)" for details. 

G) Ti state immediately before the DMA transfer start for the (lIst byte. 

@ Immediately after a read cycle during dual-address DMA transfer. 

$ Immediately after a part of T3 or Ti states during buffer chaining operations. 

(4) When an external I/O device is the bus master. 

For details, see section 3.5.3 "Bus Release Mode," below. 

3.5.3 Bus Release Mode 

When an external I/O device obtains control of the bus, the HD64180S enters the bus release mode. 

Since the BUSREQ signal has the highest priority, when this signal is asserted, bus control is passed 

to the device requesting the bus. The address lines (Ao - A19), data lines (Do - D7), and bus control 

lines (ME, 10E, RD, and WR) go to the high impedance state. 

In the bus release mode, the HD64180S does not perform refresh operations. These must be 

performed by the external I/O device. The CPU cannot accept external or internal interrupts in the 

bus release mode. 

The HD64180S leaves the bus release mode when the external device releases the bus by deactivating 

the BUSREQ signal or when the RESET line is held low for six or more clock cycles. When the 

external device releases control, it is returned to the internal bus master. If a reset occurs, bus control 

is returned to the CPU when the RESET signal goes high. 

Figure 3-21 (a) shows the timing when bus control is requested by an external I/O device via the 

BUSREQ line during a CPU memory read cycle. Figure 3-21 (b) shows the timing when the bus 

control is requested during a CPU internal operation. 

The BUSREQ signal is sampled at the falling edge of the !11 clock in the state preceding the T3, n, Tx 

(bus release state), TR2 (refresh cycle end state), or Ts state (sleep or system stop mode). If the 

BUSREQ pin is low at the falling edge of the !11 clock in the state preceding the Tx state, the Tx state 

is repeated. 
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CPU memory read cycle Bus release mode 

T2 Tw Tx Tx Tx 

Ao-A19 =~\.-_-'-____ -;-___ ;---+' 
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RD,WR --r---~--------~----~~~ 

BUSREQ 
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Figure 3·21. (a) Bus Release Mode (1) 
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3.5.4 Bus Control Passing 

Figure 3-22 shows how bus control is passed. Bus control requests have the following priority: 

BUSREQ = 0 > refresh request> DMA request 

When bus control is not requested by an external I/O device, refresh controller, or DMAC, it returns 

to the CPU. 

~Il 
BUSREQ=O 

( 

BUSREQ = 1 and refresh request issued 

*1 For an explanation of DMA requests, see section 6 "Direct Memory Access Controller (DMAC)." 

*2 The HD64180S enters the reset mode from any state if the RESET signal is asserte,d for six or more clock cycles. 

When the RESET signal goes high, the CPU takes a bus control. Bus control cannot be passed in the reset mode. 

Figure 3-22. Bus Control Passing 
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= 3.6 Interrupts 

3.6.1 Overview 

The HD64180S supports 4 external and 15 internal interrupts. External interrupts have higher priority 

over internal interrupts except for TRAP. Figure 3-23 shows which interrupts are requested by 

various internal and external devices. 

CPU TRAP 

NMI 

INTo a 
INTI ---.J E e 

~ 
RXRDY 

Q) 

INT2 C :5 
MSCI TXRDY 8 ::J 

RXINT .91 
Q. 

TXINT -fi} 
0 
CI 

UI c 
RXRDY ~ U 

ASCI TXRDY Q) 

.D ;:) 

/CSIO RXINT t'II :if c 
TXINT Q) " 'C 

C 
t'II 

DMAC DMIAa 
~ 

f-- ~ 
(channel 0) f-- DMIBa .c 

0 
>-
'E 
0 ·c 

DMAC f-- DMIA1 .8: 
(channaI1) c- DMIB1 e c 

8 
a 

Timer r-- TalRQ E 
(channel 0) 

Q) 

:g 

Timer r--- T11RQ 
(channel 1) 

Figure 3-23. Interrupt Block Diagram 
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Table 3-6 lists interrupts by priority and indicates the source. 

Table 3-6. Interrupt Types, Priorities, and Sources 

Pririy Interrupts Interrupt source Internal/External 

Higb TRAP Undefmed opcode fetch Internal interrupt --

}~mput 
NMI 
--
INTo }fu~ 
INTI mterrupts --
INT2 

MSCI RXRDY Receive buffer contains data. '\ 
MSCI TXRDY Transmit buffer is empty or not full. 

MSCI RXINT Receive status 

MSCI TXINT Transmit status 

ASCI/CSIO RXRDY Receive buffer contains data. 

ASCI/CSIO TXRDY Transmit buffer is empty. 

ASCI/CSIO RXINT Receive status Internal 

ASCI/CSIO TXINT Transmit status interrupts 

DMAC Channel 0 DMIAO Error interrupt 

DMAC Channel 0 DMIBO Normal termination interrupt 

DMAC Channell DMIAI Error interrupt 

DMAC Channel I DMIBI Normal termination interrupt 

Timer Channel 0 TOIRQ Count match 

Low Timer Channell TlIRQ Count match 

When an interrupt (except TRAP, NMI, and INTo) is requested, the request status is indicated by 

interrupt status registers 0 and 1. If the requested interrupt has been enabled by interrupt enable 

registers 0 or 1, an interrupt request is issued to the CPU. 

3.6.2 Interrupt Control Registers and Interrupt Enable Flags 

The HD64180S has seven interrupt control registers (see table 3-7) and two interrupt enable flags. 

These registers are mapped in the internal I/O address space and can be accessed by CPU I/O 

instructions. This does not apply to the interrupt vector register (I), however. This register can be 

accessed by LD A, I and LD I, A instructions. 
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Table 3·7. Interrupt Control Registers 

Register Name Symbol 
Interrupt vector register I 

Interrupt vector low register IT.. 

Int,errupt control register ICR 

Interrupt status register 0 ISRO 

Interrupt status register 1 ISRI 

Interrupt enable register 0 IERO 

Interrupt enable register 1 IERI 

*1 "Initial value" is the value after a hardware reset. 

*2 x: Undefmed 

Initial Value*1 

I/O Address MSB .... LSB ReadlWrite 
00000000 R/W 

0014H 00000000 R/W 
OOOOH 00000001 R/W 
OOlOH OOOOOOXX*z R 

OOllH OOOOOOOO R 

oo12H 00000000 R/W 
oo13H 00000000 R/W 

Interrupt Vector Register (I): The interrupt vector register indicates the vector table position in 

memory that stores the starting address of the interrupt processing routine for INTo (mode 2), INTI, 

INT2, or internal interrupts (vector mode). 

7 6 5 4 3 2 0 

BhName 17 16 15 14 13 12 11 10 

ReadlWrite RIW RIW RIW RIW RIW RIW RIW RIW 
Initial Value 0 0 0 0 0 0 0 0 

I 
The eight high-order bits of the vector address 

The 16-bit interrupt vector indicates the starting address of the interrupt processing routine in the 

vector table. The low order byte is the data placed on the bus, in INTo mode 2, or the vector generated 

for each interrupt source. The high order byte is the I register contents. Vector tables can be 

generated at arbitrary memory locations at 256-byte intervals by setting the I register. Use LD A, I 

and LD I, A instructions to access this register. 

Interrupt Vector Low Register (IL): The 8-bit interrupt vector low register specifies the low order 

byte of the 16-bit interrupt vector for vector interrupts (INTI, INTz, and internal interrupts except 

TRAP) other than INTo mode 2. The interrupt vector register (I) specifies the high-order byte. 

The low order six bits of this register are automatically set depending on the source of the interrupt 

Bits 7 and 6 (ll..7, 6) can be set arbitrarily by software. 
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Bit Name 

ReadlWrlte 

Initial Value 

7 

IL7 

RftN 

o 

6 

IL6 

RftN 

o 

5 4 3 2 o 

o o o o o o 

I 
Fixed code· 

I 
Low order byte of vector address 

• The fixed code (bits 5 - 0) cannot be read or written. For the fixed code, see table 3-9 ·Interrupt Sources and Vectors.· 

This register allows interrupt vector tables to be placed at any 64-byte boundary in system memory. 

Bits 7 and 6 are set to 0 after a reset. Bits 5 - 0 always read 0 and should be set to O. 

Since the interrupt vector register (1) is also initialized to OOH by a reset, the 16-bit interrupt vector 

address becomes 0000 0000 OOXX XXXX. For example, the INTI fixed code is 00 0000, so its 

associated interrupt vector address after a reset is 0000 0000 0000 0000. 

Interrupt Control Register (ICR): The interrupt control register tests whether a TRAP interrupt has 

occurred and specifies whether the INTo interrupt is enabled or disabled. 

7 6 5 4 3 2 0 

Bit Name TRAP UFO -. -. -. -. -. 1TE0 

ReadlWrite RIW R RftN 

Initial Value 0 0 0 0 0 0 0 1 

I - I 
TRAP Status INTo Enable 

0: TRAP interrupt 0: INTo disabled 
1: INTo enabled not generated Undefined Fetch Object Code 

1: TRAP interrupt 
generated 0: Second byte of opcode undefined 

1: Third byte of opcode undefined 

• Reserved. These bits always read 0 and should be set to o. 

Bit 7: TRAP (TRAP status) 

The TRAP bit indicates whether a TRAP interrupt has occurred. This bit is cleared by writing 0 to 

this bit position by CPU. A 1 cannot be written to this bit. It is cleared to 0 by a reset. 
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Note: 

TRAP 

o 
1 

A TRAP interrupt is an internal intemJpt having the highest priority generated when an undefined opcode is 

fetched during an opcode fetch cycle. 

Functions 

A TRAP interrupt has not occurred 

A TRAP interrupt has occurred 

Bit 6: UFO (Undefined fetch object code) 

The UFO bit indicates which opcode is undefined after a TRAP interrupt occurs. 

When the TRAP bit is 0, the UFO bit is cleared during the first byte of opcode fetch and set to 1 again 

during the third byte of the opcode fetch. When a TRAP interrupt is generated and the TRAP bit is set 

to I, the UFO bit will not be updated by subsequent opcode fetches. Thus it is possible, by reading 

the UFO bit, to determine whether the undefmed opcode occurred during the second or third byte. 

Note that there are no undefined opcodes for the fIrst byte. 

Writing to this bit position has no effect, thus either 0 or 1 can be written in this bit when it is 

necessary to write in the interrupt control register. This bit is cleared'to 0 by a reset. 

UFO Functions 

o Second opcode is undefIned 

1 Third opcode is undefmed 

Bits 5 - 1: Reserved. These bits always read 0 and should be set to O. 

Bit 0: ITEO (INTo enable) 

The ITEO bit specifIes whether INTo interrupts are enabled or disabled. This bit is set to 1 by a reset 
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ITEO Functions 
o Disables INTo interrupts 

1 Enables INTo interrupts 

Interrupt Status Register o (ISRO): The read-only interrupt status register 0 indicates whether 

INTI, INT2, or internal interrupts (except TRAP) requests have been issued. Bits 1 and 0 of this 

register indicate the levels of the INTI and INn pins even after a reset. Bits 7 - 2 are cleared to 0 

by a reset. 

7 

BIlNaml 

RladlWrltl R 

Initial Valul 0 

I 
ASCIICSIO TXRDY 

0: Request not Issued 
1: Request Issued 

8 6 

R R 

0 0 

I 
MSCITXINT 

0: Request not Issued 
1 : Request Issued 

4 3 2 

R R R 

0 0 0 

I 
MSCITXRDY 

0: Request not Issued 
1: Request Issued 

ASCIICSIO RXRDY MSCIRXINT MSCIRXRDY 

o 

R R 

X· X· 

I 
Externallnllrrupt INT2 

0: Requlst not Issued 
1: Request Issued 

External Interrupt INTi 
0: Request not issued 0: Request not issued 0: Request not issued 0: Request not issued 
1: Request issued 1: Request issued 1: Request issued 1: Request issued 

• Undefined. 

Bit 7: TXRDYI (ASCIICSIO TXRDY) 

TXRDYI Functions 
o TXRDY internal interrupt has not been generated by the ASCIICSIO 

1 TXRDY internal interrupt has been generated by the ASCIICSIO 
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Bit 6: RXRDY1 (ASCIICSIO RXRDY) 

RXRDY1 Functions 

o RXRDY internal interrupt has not been generated by the ASCIICSIO 

1 RXRDY internal interrupt has been generated by the ASCIICSIO 

Bit 5: TXINTO (MSCI TXINT) 

TXINTO Functions 

o TXINT internal interrupt has not been generated by the MSCI 

1 TXINT internal interrupt has been generated by the MSCI 

Bit 4: RXINTO (MSCI RXINT) 

RXINTO Functions 

o RXINT internal interrupt has not been generated by the MSCI 

1 RXINT internal interrupt has been generated by the MSCI 

Bit 3: TXRDYO (MSCI TXRDY) 

TXRDYO Functions 

o TXRDY internal interrupt has not been generated by the MSCI 

1 TXRDY internal interrupt has been generated by the MSCI 

Bit 2: RXRDYO (MSCI RXRDY) 

RXRDYO Functions 

o RXRDY internal interrupt has not been generated by the MSCI 

1 RXRDY internal interrupt has been generated by the MSCI 

Bit 1: INT2 (External Interrupt INTz) 

INT2 Functions 

o INT2 external interrupt has not been generated 

1 INT2 external interrupt has been generated 
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Bit 0: INTl (External Interrupt 1NTi) 

INTl Functions 
o INTl external interrupt has not been generated 
1 INTl external interrupt has been generated 

Interrupt Status Resister 1 (lSR1): The read-only interrupt status register 1 indicates the status of 
internal interrupt. This register is cleared to 0 by a reset. 

7 8 & 4 3 2 0 

BItNaml 

Read,wrlte R R R R R R R R 

Initial Value 0 0 0 0 0 0 0 0 

I \1 
Timer Channel 1 OMA Interrupt B OMA Interrupt B ASCltCSIO TXINT 
Interrupt Request Cnannel' CnannelO 

0: Request not Issue 
0: Request not Issued 0: Request not Issued 0: Request not Issued 1: Request issued 
1: Request Issued 1: Request Issued 1: Request Issued 

Timer Channel 0 
Interrupt Request 

0: Request not issued 
1: Request issued 

OMA Interrupt A 
Channeli 

0: Request not issued 
1: Request issued 

ASCltCSIO RXINT OMA Interrupt A 
Channel 0 0: Request not Issued 
0: Request not issued 1: Request issued 
1: Request issued 

Bit 7: TlIRQ (Timer Channell Interrupt Request) 

TlIRQ Functions 
o Timer channell internal interrupt (TlIRQ) has not been generated 

1 Timer channell internal interrupt (TIIRQ) has been generated 
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Bit 6: TOIRQ (Timer Channel 0 Interrupt Request) 

TOIRQ Functions 

o Timer channel 0 internal interrupt (TOIRQ) has not been generated 

I Timer channel 0 internal interrupt (TOIRQ) has been generated 

Bit 5: DMml (DMA Interrupt B.Channell) 
I 

DMIBI Functions 

o DMAC channell internal interrupt (DMm) has not been generated 

I DMAC channell internal interrupt (DMm) has been generated 

Bit 4: DMIAI (DMA Interrupt A Channell) 

DMIAI Functions 

o DMAC channel I internal interrupt (DMIA) has not been generated 

I DMAC channell internal interrupt (DMIA) has been generated 

Bit 3: DMIBO (DMA Interrupt B Channel 0) 

DMmo Functions 

o DMAC channel 0 internal interrupt (DMm) has not been generated 

I DMAC channel 0 internal interrupt (DMm) has been generated 

Bit 2: DMIAO (DMA Interrupt A Channel 0) 

DMIAO Functions 

o DMAC channel 0 internal interrupt (DMIA) has not been generated 

I DMAC channel 0 internal interrupt (DMIA) has 'been generated 

Bit 1: TXINTI (ASCI/CSIO TXINT) 

TXINTI Functions 

o TXINT internal interrupt has not been generated by the ASCI/CSIO 

I TXINT internal interrupt has been generated by the ASCI/CSIO 
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Bit 0: RXINTI (ASCI/CSIO RXINT) 

RXINTI Functions 

o RXINT internal interrupt has not been generated by the ASCI/CSIO 

1 RXINT internal interrupt has been generated by the ASCI/CSIO 

Interrupt Enable Register 0 (mRO): Interrupt enable register 0 specifies whether to enable the 
interrupt requests from interrupt status register 0 (ISRO). This register is cleared to 0 by a reset. 

7 

Bit Naml 

RladlWrltl RIW 
Initial Valul 0 

I 

8 

RIW 
o 

5 

RIW 
o 

4 

RIW 
o 

3 

RIW 
o 

2 

RIW RIW 

o 0 

o 

RIW 
o 

ASCIICSIO TXRDV 
Enable 

I 
MSCITXINT 
Enable 

I 
MSCITXRDV 
Enabll 

I 
iN'f2 External 
Interrupt Enable 

0: Disabled 
1: Enabled 

0: Disabled 
1: Enabled 

0: Disabled 
1: Enabled 

0: Disabled 
1: Enabled 

ASCVCSIO RXRDV 
Enable 

MSCIRXINT 
Enable 

MSCIRXRDV 
Enable 

0: Disabled 
1: Enabled 

0: Disabled 
1: Enabled 

Bit 7: TXRDYIE (ASCI/CSIO TXRDY Enable) 

TXRDYIE Functions 

0: Disabled 
1: Enabled 

o Disables TXRDY internal interrupts from the ASCI/CSIO 
1 Enables TXRDY internal interrupts from the ASCI/CSIO 

Bit 6: RXRDYIE (ASCI/CSIO RXRDY Enable) 

RXRDYIE Functions 

o Disables RXRDY internal interrupts from the ASCI/CSIO 

1 Enables RXRDY internal interrupts from the ASCI/CSIO 

1Nf1 External 
Interrupt Enable 

0: Disabled 
1: Enabled 
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Bit 5: TXINTOE (MSCI TXINT Enable) 

TXINTOE Functions 

o Disables TXINT internal interrupts from the MSCI 

1 Enables TXINT internal interrupts from the MSCI 

Bit 4: RXINTOE (MSCI RXINT Enable) 

RXINTOE Functions 

o Disables RXINT internal interrupts from the MSCI 

1 Enables RXINT internal interrupts from the MSCI 

Bit 3: TXRDYOE (MSCI TXRDY Enable) 

TXRDYOE Functions 

o Disables TXRDY internal interrupts from the MSCI 

1 Enables TXRDY internal interrupts from the MSCI 

Bit 2: RXRDYOE (MSCI RXRDY Enable) 

RXRDYOE Functions 

o Disables RXRDY internal interrupts from the MSCI 

1 Enables RXRDY internal interrupts from the MSCI 

Bit 1: INT2E (INTz External Interrupt Enable) 

INT2E ~unctions 

o Disables INT2 external interrupts 

1 Enables INT2 external interrupts 

Bit 0: INTIE (INTI External Interrupt Enable) 

INTlE Functions 

o Disables INTI external interrupts 

1 Enables INTI external interrupts 

Interrupt Enable Register 1 (IERI): Interrupt enable register 1 specifies whether to enable interrupt 

requests from interrupt status register 1. This register is cleared to OOH by a reset. 
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7 6 

B~Name 

ReadIWrite 

Initial Value 0 0 

I 
Timer Channel 1 
Interrupt Request Enable 
0: Disabled 
1: Enabled 

5 4 

RIW RIW 

0 0 
I 

DMA InterruE!! B 
Channel 1 Enable 
0: Disabled 
1: Enabled 

3 2 o 

RIW RIW RIW RIW 

0 0 0 0 
I I 

DMA InterruE!! B ASCI/CSIO 
Channel 0 Enable RXINT Enable 
0: Disabled 0: Disabled 
1: Enabled 1: Enabled 

DMA InterruE!! A 
Channel 1 Enable 
0: Disabled 

DMA Interrupt A 
Channel 0 Enable 
0: Disabled 

Timer Channel 0 
Interrupt Request Enable 
0: Disabled 
1: Enabled 

,: Enabled 1: Enabled 

Bit 7: TlIRQE (Timer Cbannelllnterrupt Request Enable) 

TlIRQE Functions 

o Disables timer channel 1 internal interrupts (TlIRQ) 

1 Enables timer channell internal interrupts (TlIRQ) 

Bit 6: TOIRQE (Timer Cbannel 0 Interrupt Request Enable) 

TOIRQE Functions 

o Disablr.s timer channel 0 internal interrupts (TOIRQ) 

1 Enables timer channel 0 internal interrupts (TOIRQ) 

Bit 5: DMIBlE (DMA Interrupt B Cbannell Enable) 

DMIBlE Functions 

o Disables DMAC channell internal interrupts (DMIA) 

1 Enables DMAC channel 1 internal interrupts (DMIA) 

ASCI/CSIO 
TXINT Enable 
0: Disabled 
1: Enabled 
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Bit 4: DMlA1E (DMA Interrupt A Channell Enable) 

DMIAIE Functions 

o Disables DMAC channel I internal interrupts (DMIA) 

I Enables DMAC channell internal interrupts (DMIA) 

Bit 3: DMmOE (DMA Interrupt B Channel 0 Enable) 

DMmOE Functions 

o Disables DMAC channel 0 internal interrupts (DMIB) 

I Enables DMAC channel 0 internal interrupts (DMIB) 

Bit 2: DMlAOE (DMA Interrupt A Channel 0 Enable) 

DMIAOE Functions 

o Disables DMAC channel 0 internal interrupts (DMIA) 

I Enables DMAC channel 0 internal interrupts (DMIA) 

Bit 1: TXINTIE (ASCI/CSIO TXINT Enable) 

TXINTIE Functions 

o Disables TXINT internal interrupts from the ASCI/CSIO 

I Enables TXINT internal interrupts from the ASCI/CSIO 

Bit 0: RXINTIE (ASCI/CSIO RXINT Enable) 

RXINTIE l"unctions 

o Disables RXINT internal interrupts from the ASCI/CSIO 

I Enables RXINT internal interrupts from the ASCI/CSIO 

Interrupt Enable Flags (lEFt and IEF2): Interrupt enable flag lEFI specifies whether to enable 

maskable interrupts (INTo, INTI, INT2, and internal interrupts except TRAP). lEFI = I enables 

interrupts and lEFt = 0 disables them. 

lEFt Functions 

o Disables maskable interrupts 

I Enables maskable interrupts 
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lEFt directly controls interrupt enable/disable status. IEF2 is used to save the value of lEFt. For 

example, during execution of an NMI interrupt processing routine when NMI is requested to CPU, the 

lEFt value is saved to IEF2 and lEFt is reset so that interrupts other than an NMI are disabled. When 

returning from an NMI interrupt processing routine to the main program, the RETN (return from 

NMI) instruction restores the original lEFt value (stored in 1EF2) automatically restpring the CPU 

interrupt enable status. 

Execution of an LD A, I or LD A, R instruction writes the 1EF2 value to the PN flag in the flag 

register. Thus, the 1EF2 value can be read through this flag. 

When a maskable interrupt is accepted, IEF~ and 1EF2 are set to 0 to disable any subsequent maskable 

interrupts. When control is returned from the interrupt processing routine to the main routine by an 

RET! (return from interrupt) instruction, the IEFl and IEF2 flags remain unchanged. Therefore, to 

enable interrupts after returning to the main routine, an EI (enable interrupt) instruction must be 

placed immediately before the last RET! instruction in the interrupt processing routine. This 

instruction sets lEFt and IEF2 to 1, enabling maskable interrupts (INTo, INTt, INT2, and internal 

interrupts except TRAP). 

Table 3-8 lists the lEFt and IEF2 values fox: CPU operations. 

Table 3·8. lEFt and IEF2 Values 

CPU Operation lEFt IEF2 Description 

Reset 0 0 Disables all interrupts except NMI 

and TRAP 

After accepting NMI 0 lEFt Saves the lEFt value to 1EF2 

RETN IEF2 Unchanged Restores the status before 

instruction execution the NMI was accepted 

After accepting interrupts 0 0 Disables all interrupts except NMI 

except NMI and TRAP and TRAP 

RET! Unchanged Unchanged 

instruction execution 

After accepting TRAP Unchanged Unchanged 

EI 1 1 

instruction execution 

DI 0 0 

instruction execution 
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Table 3-8. lEFt and IEF2 Values (cont.) 

CPU Operation lEFt IEF2 Description 

LDA,I Unchanged Unchanged Transfers the IEF2 value to the 

instruction execution PNflag 

LDA,R Unchanged Unchanged Transfers the IEF2 value to the 

instruction execution PNflag 

3.6.3 TRAP 

TRAP is the highest priority interrupt It ocCurs when an undefined opcode is fetched during an 

opcode fetch cycle. A TRAP interrupt is used to increase program reliability or to implement user­

defmed instructions. 

When a TRAP interrupt occurs, the CPU perfonnsthe following: 

• Sets the TRAP bit in the interrupt control register (ICR) to 1. 

• Saves the program counter (PC) value of the undefined opcode in the stack, then restarts from 

logical address OOOOH. 

If logical address OOOOH corresponds to physical address OOOOOH, a reset routine is executed. Since 

the TRAP bit is only initialized to 0 by an actual reset (not by a reset caused by a TRAP), testing the 

TRAP bit shows whether the restart has been caused by a reset or a TRAP. 

A TRAP interrupt occurs regardless of the status of the IEFl flag. Furthennore, it may occur when 

INTo is used in mode 0 and an undefined opcode is fetched during an interrupt acknowledge cycle. 

No undefined opcode can occur in the first byte. Thus, a TRAP may occur when the second opcode in 

a 2-byte opcode is undefmed or when the second or third opcode in a 3-byte opcode is undefmed. The 

PC value, which is saved in the stack when the second opcode is undefined, differs from the value 

saved in the stack when the third opcode is undefined. Therefore, the byte count of the undefined 

opcode must be known before a retry takes place. This is indicated by the UFO bit in the interrupt 

control register (ICR). This bit is set by the third opcode fetch and reset by the fmt opcode fetch. 

The UFO bit is not updated while the TRAP bit value is 1. Thus, the address of the first byte opcode 

can be calculated as follows: 

1. When TRAP = 1 and UFO = 0: The TRAP occurred while the CPU was fetching the second 

opcode. The first opcode address is the PC value in the stack minus 1. 
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2. When TRAP = 1 and UFO = 1: The TRAP occurred while the CPU was fetching the third opcode. 

The first opcode address is the PC value in the stack minus 2. 

Figure 3-24shows the timing for TRAP. 

In the figure the l'rP state is used for TRAP processing. Bus release, refresh, DMA, or wait cycles 

must not be inserted immediately after this state. 

Execution 
TRAP acknowledge cycle starts at logical 

14------------"-=----------+1 address OOOOH 
Second opcode Opcode 
fetch cycle Save PC value in the stack fetch cycle 

Ao-A19 
- C _1\ PC OC SP-1 OC SP- 2 OOOOH 

(Logical 
address) 

00-07 PCH H PCl ~ I--
Undefined 
opcode 

LlR 
- / -

1\ / 1\ 

- r\ r r\ r r\ r -/ \ ME 

- r\ r I--/ \ RD 

WR LJ ru 

Figure 3-24. (a) TRAP Cycle (Second Opcode is Undefined) 
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Ao-A19 

00-07 

LlR 

RO 

TRAP acknowledge cycle 

Execution 
starts at logical 
address OOOOH 

Third opcode Memory read 
fetch cycle cycle 

Tl T2 T3 Tl T2 TTP T3 Ti Ti TI Ti 

-~ PC OC IX+d,IY+d -

n 
L.J 

Undefined 
opcode 

-
1\ 

-1\ r 1\ 

-" r 1\ / 

Opcode 
Save PC value in the stack fetch cycle 

T1 T2 Ta I T1 T2 T3 T1 T2 Ta I 

K V SP-1 OC SP- 2 OC OOOOH 
(Logical 
address) 

PC-1H K PC-1L ~ r-

~ 
r-

\ r 1\ r 1\ I t-

r r-

LJ rLJ 

Figure 3·24. (b) TRAP Cycle (Third Opcode is Undefined) 
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3.6.4 Nonmaskable Interrupt (NMI) 

NMI is a nonmaskable interrupt. When an NMI is detected, the current PC value is saved in the stack 

and the CPU is restarted at logical address 0066H. The value of IEFl is saved to IEF2, then IEFl is 

reset. 

NMI is accepted even when the on-chip DMAC is in operation. It can be used to return bus control to 

the CPU operation, thus suspending the DMAC operation from an external source. 

An RETN instruction is used to return from the NMI interrupt processing routine to the main program. 

This instruction also moves the contents of IEF2 into IEFl, thus restoring the IEFl status before the 

NMI interrupt processing. 

Figure 3-25 shows the NMI processing flow. 

Main IOO66H] 
Program 

/ 
IEF1 ~ IEF2 

0 ~ IEF1 

PCH ~ (SP-·1) NMI interrupt 

PCL ~ (SP-2) 
processing 
program 

NMI /' 
~ 

IEF1 (- IEF2 

PCL (- (SP) 

PCH (- (SP + 1) ________ 

~ RETN instruction 

Figure 3-25. NMI Processing Flowchart 

Figure 3-26 shows the timing of NMI processing. 
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Intenupt ~uest lines are sampled 1.5 clock cycles before the end of each instruction execution cycle. 
Unlike other intenupt signals, NMI is edge-sensitive. NMI requests are not reset until NMI is 

sampled again. IT an NMI is latched before the falling edge of the second state prior to the end of the 

last machine cycle of the current instruction, an NMI acknowledge cycle is started immediately after 

this instruction execution cycle is completed. 

Note: Other interrupt request signals (INTo, INTI, and INTz) are level-sensitive. These signals are sampled 1.5 clocks 

prior to the end of each instruction execution cycle. In this case, the presence is determined at the sampling time. 
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1/1 

NMI 

Last machine 
cycle 

/ 

Ao-A19 

Do-D7 

LlR 

ME 

RD 

WR 

ST 

NMI acknowledge cycle 

L Save PC value in stack 
I 

Restart from 
logical address 
0066H 
Opcode fetch 

T1 T2 Ta TI Ti T1 T2 Ta T1 T2 Ts T1 T2 T3 I 

, , , , , , , , 
, , , 

, 

, 
, 

! 

C X ! PC K SP-1 ~ SP-2 X 0066H 

i i (Logical , 
address) 

i Instruction 

PCH H PCl ~ : : , 
, , , 
i ! 

V / 

\ if \ r 
i 

r\ r "\ r rL 
: r rL ~ \ 

! i 
: : \J ~ 

! 

\ i 
, , , , 
, 

Figure 3-26. NMI Processing Timing 

HITACHI 85 



3.6.5 INTo 

INTo is a level-sensitive maskable interrupt which has second-level priority after NMI. INTo can be 

enabled or disabled by setting or resetting interrupt enable flag IEFl by an EI or DI instruction. It can 

also be enabled or disabled by setting or resetting the ITEO bit (bit 0) of the interrupt control register. 

A RESET causes the following: 

• IEFl is reset, disabling INTo 

• The 1TE0 bit of the interrupt control register is set to 1, enabling INTo 

INTo is disabled by a reset, but it is then enabled by an EI instruction execution. The INTo line is 

sampled at the falling edge of the j1l clock in the second state prior to the end of the last machine cycle 

of each instruction. If INTo is low when sampled, it is accepted. 

When the interrupt is accepted, IEFl and IEF21!Ie reset to disable other interrupts (except NMI and 

TRAP). Therefore, to enable interrupts after returning from the interrupt processing routine, an EI 

and an RETI instruction must be included at the end of the interrupt processing routine. In this case, 

interrupts can be accepted immediately after the execution of RETI instruction following EI 

instruction. 

The above procedure is also necessary when enabling interrupts after an INTl, INT2, or any internal 

interrupt except TRAP. 

INTo has three operation modes: mode 0,1, and 2, which are selected by using 1M 0, 1M 1, and 1M 2 

instructions, respectively. 

After a RESET signal, INTo opemtes in mode O. The three modes are explained below. 

(1) INTo mode 0 

After an interrupt in this mode, the CPU fetches an instruction placed on the data bus (Do - D7) during 

an interrupt acknowledge cycle (at the rising edge of the j1l clock of the the T3 state) and executes it. 

Normally, the interrupting device issues a I-byte RST instruction for restarting from one of eight 

fixed addresses. However, unlike other modes, the contents of the progmm counter (PC) are not 

automatically saved unless an RST instruction is issued. 

Figure 3-27 shows the timing diagram for INTo mode O. 
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Last 
machine INTo acknowledge 
cycle ~I. cycle ~I. 

Tl T2 Tw· Tw· 

INTo 

Ao-A19 
------l 

00-07 ---+-i-----i-~ 

LlR 

ME 

IOE 

RD 

WR 

ST 

'Two wait states are automatically inserted. 

Execute RST instruction 

I_ Save PC value in stack 

Tl T2 T3 Tl T2 T3 

SP-2 

PCl 

Figure 3·27. Timing of INTo Mode 0 Interrupt (with an RST instruction on the data bus) 
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(2) INTo mode 1 

In this mode, the PC value is saved in the stack and instruction execution is restarted at logical address 

0038H. 

Figure 3-28 shows the flow of intelTUpt processing in INTo mode 1. Figure 3-29 shows the timing of 

an intelTUpt in this mode. 

Main program 

INTo mode 1 ~ 

/ 
. 0 ~ IEF1, IEF2 

PCH ~ (SP-1) 

PCl ~ (SP-2) 

I 0038H I 

INTo mode 1 
interrupt 
processing 
program 

PCl f-- (SP) 

PCH f-- (SP + 1), 

~I instruction (1 -+ IEF1,IEF2) 

RETI instruction 

Figure 3-28. Flow of Interrupt Processing in INTo Mode 1 
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Ao-A19 

00-07 

LlR 

ME 

IOE 

RO 

WR 

ST 

Last 
machine 
cycle 

\!,/ 

! 

• Two wait states are automatically inserted. 

PC 

i 

, 

INTo acknowledge cycle 

Save PC value in stack 

: 

: 

~ SP-1 SP-2 

1 : 

i 
PCH H PCL 

: 

: i 

r \ r 

; I 
: 

: i 

: ' LJ '---f 

Opcode fetch cycle 

1_ 

OC 0038H 
~ 

(Logical 
address) 

~ l-

r -
1\ 

h r -

\ r -

\ r I-

Figure 3·29. Timing of INTo Mode 1 Interrupt 
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(3) INTo mode 2 

Interrupt vectors are used in this mode. The high order byte of the interrupt vector is stored to the 

interrupt vector register (I). The low order byte is specified by the interrupting device. 

The high-order byte of the interrupt vector must be loaded into the I register in advance. An "LD I. 
A" instruction can be used to load a new value into the I register. The I register is initialized to OOH 

by a reset 

During the interrupt acknowledge cycle, the device that generated the interrupt places the low order 

byte of the interrupt vector on the data bus. The CPU latches the byte at the rising edge of the T3 state 

(f2I clock) to generate the 16-bit interrupt vector. After saving the PC value to the stack, the CPU reads 

the start address (from the table in memory indicated by the interrupt vector), then begins execution 

from this address. 

For more details about the I register, see "Interrupt Vector Register (I)" in section 3.6.2 "Interrupt 

Control Registers and Interrupt Enable Flags." 

Figure 3-30 shows how an interrupt vector is used to generate the starting address for an interrupt 

processing routine in INTo mode 2. Figure 3-31 shows the timing of an interrupt in this mode. 

Memory 
16-bit vector address 

I 
Interrupt vector 8-bits from the 

I register (I) data bus 

Vector High order byte of 
address + 1 the start address 256-byte 

Vector Low order byte of Vector table 

Offset address the start address 
(8 bits) 

8 bits 

r f 
Figure 3-30. Start Address Generation in INTo Mode 2 
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~ 
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-0 

Last machine 
cycle 

Reading low order byte I 
of vector address _ 

I 
l 
I 

INTo acknowledge cycle 

Saving PC value in stack -' Start address read cycle 

Opcode 
fetch 
cycle 

T1 T2 Tw· Tw· T3 11 T1 T2 T3 T1 T2 T3 T1 T2 T3 T1 T2 T3 T1 T2 T3 

JllU1IU11 ---. : , I. 
'" 

INTo 

Ao-A19 

00-07 I : 

lIR 

ME 

IOE 

RO 

WR 

5T 

• Two wait states are automatically inserted. 

5P-2 Vector 
address 

Figure 3·31. Timing of INTo Mode 2 Interrupt 

Vector 
address + 1 

Start 
address 



3.6.6 INTI, INT2, and the Internal Interrupts (Except TRAP) 

INTI, INT2, and the internal interrupts (except TRAP) are level-sensitive, vector interrupts, similar to 

INTo mode 2. Each of these interrupts has its own enable flag, in addition to the master enable flag 

1EF1. The INTlE bit (bit 0) in interrupt enable register 0 serves to enable INTI, and the INT2E bit (bit 

1) in the same register serves to enable INT2. Enable flags for the internal interrupts except TRAP are 

found in the corresponding control registers; in addition, enable bits are found in interrupt enable 

registers 0 and 1. See figure 3-32 for the circuit representations for INTI, INT2, and the internal 

interrupts except TRAP. 

The high order byte of a 16-bit interrupt vector is indicated by the interrupt vector register (I). The 

low order byte is indicated by the 8-bit interrupt vector low register (IL). The six low order bits (bits 

5-0) of the IL register are set to a fixed code depending on the source of the interrupt (see table 3-9). 

The two high order bits (IL7-6) can be set by an instruction. Thus, the vector table containing the 

starting addresses of the interrupt processing routines can be located on any 64-byte boundary in the 

64 kbyte logical address space by loading the appropriate value into the I register (using an "LD I, A" 

instruction) and the IL register (using an OUT instruction). 
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External pins 

MSCI 

ASCI/CSIO 

DMAC 
channel 0 

DMAC 
channel 1 

Timer channel 0 

Timer channel 1 

Interrupt enable register 1 Interrupt enable register 0 

Ib7 b6 b5 b4 b3 b2 b1 bO b7 b6 b5 b4 b3 b2 b1 bol 

IEFl 

f-r\r-

L L L l_1 LjL L ,J,J j J,J,JJ 

I :: ::=~--=l-~-+-=-: i=}~ 
RXADV ~ .. ----+--~--~ -~nD 
TXRDY -----1- - -~ --- -- -- ~-~-r-t-+- -I-r-H~L..--) D 
RXINT ____ ~ ____ --f-- _ ~-f--~'-___ '-- -f---I-+-rj _____ ) D 
TXINT ---~~-- I-- _ -- ~--- ---- -.~- __ I-- __ '---+--+---+---+-I--~"'---") D '" 
RXRDY ----+- I-- - -1-4---1-- t-- ~- -f--+--+---+--1-~b ! 
TXRDY ______ 1_1-__ -I~-t-- _~ '-+---+--+--1--1--+---+-00 ~ I 

RXINT ----I---~-I-+--II- _--+-__ ~:=--_-+_--1I-+---+--+-H=nu f 
TXINT - -1- -~--I~-t-- '--f--j-+~"~,--,,}O i 

[:::: - -- 1- .-'='=:= =,=~~ ;-;8 · 
I DMIA1 -'---l--~-I---------- nO 

DMIB1 '--- ---=-'=~=~=-----=--~~Db TOiRa f'-- =- - -- ~ -- fl-O 

TlIRa~~=I~~~-I~~(~~lll; -
Ib7 b6 b5 b4 b3 b2 b1 bO b7 b6 b5 b4 b3 b2 b1 bol 

Interrupt status register 1 Interrupt status register 0 

Figure 3-32. Circuit of INTI, INT2, and Internal Interrupts Except TRAP 
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Table 3·9. Interrupt Sources and Vectors 

Interrupt Source Priority IL Fixedcode* 

b7 b6 bs b4 b3 bz bl bo 
--
INT! Highest * * 0 0 0 0 0 0 
INT2 * * 0 0 0 0 1 0 
MSCIRXRDY * * 0 0 0 1 0 0 

MSCITXRDY * * 0 0 0 1 1 0 

MSCIRXINT * * 0 0 1 0 0 0 

MSCITXINT * * 0 0 1 0 1 0 

ASCI/CSIO RXRDY * * 0 0 1 1 0 0 

ASCI/CSIO TXRDY * * 0 0 1 1 1 0 

ASCI/CSIO RXINT * * 0 1 0 0 0 0 
ASCI/CSIO TXINT * * 0 1 0 0 1 0 
DMAC channel 0 (DMIAo) * * 0 1 0 1 0 0 
DMAC channel 0 (DMIBO) * * 0 1 0 1 1 0 
DMAC channell (DMIAl) * * 0 1 1 0 0 0 
DMAC channell (DMm 1) * * 0 1 1 0 1 0 
Timer channel 0 lTOIRQ) * * 0 1 1 1 0 0 
Timer channell lTIIR_Q) * * 0 1 1 1 1 0 

(Reserved) * * 1 0 0 0 0 0 

* * 1 0 0 0 1 0 

* * 1 0 0 1 0 0 

* * 1 0 0 1 1 0 

* * 1 0 1 0 0 0 

* * 1 0 1 0 1 0 

* * 1 0 1 1 0 0 
, * * 1 0 1 1 1 0 

* * 1 1 0 0 0 0 

* * 1 1 0 0 1 0 

* * 1 1 0 1 0 0 

* * 1 1 0 1 1 0 

* * 1 1 1 0 0 0 

* * 1 1 1 0 1 0 

* * 1 1 1 1 0 0 

(Reserved) Lowest * * 1 1 1 1 1 0 
*: Programmable 

* Bit 0 of fixed codes is alwaYs O. 
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Figure 3-33 shows how an interrupt vector (from the I and IL registers) is used to generate the starting 

address of an interrupt processing routine. 

16-bit vector address 

! Inte rrupt vector I register (I) 
IIL7-6 

I bit 

Fixed code 
(6 bits) 

Vector 
address + 1 

Vector 
address 

Offset (6 bits) 

1 10 bits 

f 

Memory 

High order byte of 
the start address 

Low order byte of 
the start address 

64 bytes 

l 
Figure 3·33. Start Address Generation for INTI, INT2, and Internal Interrupts Except TRAP 

A reset initializes interrupt enable registers 0 and 1 to Os, disables INTl, INT2, and internal interrupts 

except TRAP, and resets bits 7 and 6 in the IL register to O. 

Figure 3-34 shows the timing for INTI, INT2, and internal interrupts except TRAP. INTI or INT2 is 

sampled at the falling edge of the second state prior to the end of the last machine cycle. The sampled 

INTI or INT2 is accepted when it is low. 
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Figure 3·34. Timing for INTI, INTz, and Internal Interrupts Except TRAP 



3.6.7 Initial Values of Flags and Registers Associated with Interrupts 

Table 3-10 lists the initial values of the interrupt-associated flags and registers after a reset. 

Table 3-10. Initial Values of Flag's and Registers Associated with Interrupts 

FlaglRegister Initial Value Description 

Interrupt enable flags 0 Interrupts except NMI and TRAP are disabled. They can 

IEFI and 1EF2 be enabled by setting IEFI and 1EF2 to 1 using an EI 

instruction. 

Interrupt vector 0 A vector address table is generated from OOOOH to 

register (I) OOFFH in the system memory, thus the vector table 

contends with reset start address OOOOH, NMI restart 

address 0066H, and INTo mode 1 restart address 0038H. 

Appropriate values must be set at these addresses using 

an "LD I, A" instruction. 

Interrupt vector low Bits 7 and Appropriate values must be set in these bits before 

register (a) 6=0 executing an EI instruction to set IEFI and 1EF2 (similar 

to the I register). 

Interrupt control All bits ex- Bit 0 = 1 enables INTo. 

register (lCR) cept Bit 0 

are cleared 

toO 

Interrupt status All bits The internal interrupt request status is reset. 

registers 0 and 1 except the 

(ISRO-l) INT2-1 bits 

are cleared 

toO. 

Interrupt enable DOH INTI, INT2, and Internal Interrupts Except TRAP are 

registers 0 and 1 disabled. If necessary, the interrupt enable bit for each 

(IERO-I) interrupt source can be set to 1. 

3.6.8 Control Signals for INTo, INTI, INT2, and Internal Interrupts Except TRAP 

Control signals in the ftrst machine cycle of an interrupt acknowledge cycle for INTo differ from those 

for INTI, INT2, and other internal interrupts (except TRAP) as follows. 

INTo interrupt: LlR = 0, IOE = 0, ST = 0 

INTI, INT2, and internal interrupts except TRAP: LlR = 1, IOE = 1, ST = 0 
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3.7 Memory Management Unit (MMU) 

3.7.1 Overview . 

The CPU contains a memory management unit (MMU). The MMU maps a 64 kbyte logical address 

space (16-bit addresses) into a 1 Mbyte physical address space (20-bit addresses). 

The MMU functions only for CPU memory accesses and not for I/O accesses, DMA cycles, or refresh 

cycles. 

Table 3-11 lists the registers in the MMU. 

Table 3-11. MMU Registers 

Register Name Symbol I/O address 
MMU common/bank area register CBAR 0003H 

MMU common base register CBR 000lH 

MMU bank base register BBR 0002H 

• "Initial value" means a value after a hardware reset. 

Figure 3-35 shows a block diagram of the MMU. 

Internal address/Data bus 

4 

LA12-LA15, 

MMU 

Initial Value· 

MSBf-+LSB ReadlWrite 
11110000 RIW 
OOOOOOOO RIW 
OOOOOOOO RIW 

MMU common base 
register: CBR (8 bits) 

MMU bank base 
register: BBR (8 bits) 

(LA: Logical address J 
lPA: Physical address 

Figure 3-35. MMU Block Diagram 
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3.7.2 MMU Registers 

The MMU has three registers. The commorVbank area register (CBAR) is used to specify the lower 

address limits for common area 1 and the bank area. The common base register (CBR) is used to 

translate a logical address in common area 1 to a physical address. The bank base register (BBR) is 

used to translate a logical address in the bank area to a physical address. 

MMU CommonlBank Area Register (CBAR): This register is used to specify the four high order 

bits of the lower address limit for common area 1 and for the bank area. 

7 6 5 4 3 2 0 

Bit Name CA3 CA2 CA1 CM BA3 BA2 BA1 BAO 

Read/Write R/W R/W R/W R/W R/W R/W R/W R/W 

Initial Value 0 0 0 0 

Four high order bits of the 
I 

Four high order bits of the 
lower address limit for common area 1 lower address limit for the bank area 

Only the four high order bits of the lower address limit can be specified in this register. The other 12 

bits are fixed to OOOH. As a result, these areas begin at 4 kbyte boundaries. 

This register is set to 11110000 by a reset (the lower address limit for the bank area is OOOOH and the 

lower address limit for common area 1 is FOOOH). 

Note; When the lower address limits for common area 1 and the bank area are set, the upper address limits for the bank 

area and common area 0 are automatically determined (see figure 3-37). 

MMU Common Base Register (CBR): This register is used to translate a logical address in 

common area 1 into a physical address. The register bit values are shifted 12 bits to the left and added 

to the logical address to generate a 20-bit physical address. 
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7 6 5 4 3 2 0 

B~Name I CB7 CB6 CB5 CB4 CB3 CB2 CB1 ceo 

ReadIWr~e RIW RIW RIW RIW RIW RIW RIW RIW 

Initial Value 0 0 0 0 0 0 0 0 

This register is set to OOOOOOOO by a reset. 

MMU Bank Base Register (BBR): This register is used to translate a logical address in the bank area 

to a physical address. The register bit values are shifted 12 bits to the left and added to the logical 

address to generate a 20-bit physical address. 

7 6 5 4 3 2 0 

B~Name I BB7 BB6 BB5 BB4 BB3 BB2 BB1 BBO 

Read/Wr~e RIW RIW RIW RIW RIW RIW RIW RIW 

Initial Value 0 0 0 0 0 0 0 0 

This register is set to OOOOOOOO by a reset. 

3.7.3 MMU Operating Space 

The MMU translates the logical addresses in programs into physical addresses. The role of the MMU 

in memory accesses, I/O accesses, in DMAC operations, and refresh cycles is explained below. 

Memory Access by CPU: The MMU functions whenever the CPU accesses memory. It translates a 

16-bit logical address into a 20-bit physical address in the following cases: 

• Instruction fetch 

• Memory read/write by instruction 
• Interrupt vector address specification 

• Interrupt restart address specification 

For the relationship between logical and physical addresses during memory accesses, see section 3.7.4 

"MMU Operation." 

I/O Access by CPU: The MMU does not function when the CPU accesses the I/O space. Figure 3-

36 shows the relationship between physical and logical addresses. 
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LA15 LAo 

0000 ~A" P~ 
Logical address 

l. PA19J PAIS 

I I Physical address 

Figure 3-36. Relationship Between Physical and Logical Addresses for I/O Accesses 

As shown in the figure above, bits 15-0 of the 20-bit physical address correspond to the logical 

address, and bits 19-16 are 0000. 

DMAC Operation or Refresh Cycle: The MMU is not used during DMAC operations or refresh 

cycles. The address value generated by the DMAC or refresh controller is output directly as the 

physical address. 

3.7.4 MMU Operation 

The logical address space consists of common areas 0 and I, and a bank area (see figure 3-37). The 

contents of the common/bank area register (CBAR) specify the boundaries between these areas. 

These boundaries can be set at any 4 kbyte boundary in the logical address space. 

The four high order bits (CA3-0) of the CBAR specify the four high order bits (Al5 - Al2) of the 

lower address limit of common area 1. The four low order bits (BA3-0) of the CBAR specify the 

four high order bits of the lower address limit of the bank area. For example, when the CA3-0 bits of 

the CBAR are set to 1101 (DH) and the BA3-0 bits are set to 0100 (4H), the lower address limit of 

common area 1 is DOOOH and the lower address limit of the bank area is 4000H. As a result, common 

area I, the bank area, and common area 0 are defined as follows: 

Upper Address Limit Lower Address Limit 

Common area 1 FFFFH DOOOH 

Bank area CFFFH* 4000H 

Common area 0 3FFFH* OOOOH 

* The upper address limits of the bank area and common area 0 are automatically detennined by setting the lower address 

limits of common area 1 and the bank area. 
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The lower address limit of common area 1 must be greater than or equal to the lower address limit of 

the bank area. If this is violated, normal operation is not guaranteed. 

Lower address limit 
of common area 1. 

o DH ---..... 

Lower address limit 
of the bank area 

o o 0 
4H ----

FFFFH 

Common 
area 1 

DOOOH 
CFFFH 

Bank area 

4000H 
3FFFH 

Common 
area 0 

OOOOH 

Figure 3·37. Example of Logical Address Space Division 

If the lower address limit of the bank area is set to OH (reset condition), common area 0 has no size. 

The following paragraphs explain how the logical address space is mapped into the physical address 

space. Figure 3-38 shows how physical addresses are generated. Figure 3-39 shows the relationship 

between the logical and physical spaces. 

The MMU base registers are used to translate a logical address into a physical address. The four high 

order bits (LA12 - LAIS) of the logical address are added to the 8-bit base register value to generate 

the eight high order bits (P Al2 - P A19) of the physical address. The LAo - LAII values are used 

directly as the 12 low order physical address bits (PAo- PAn). 

The base register for common area 1 is the common base register (CBR). The base register for the 

bank area is the bank base register (BBR). For a comm~n area 0, the base register is assumed to be 

ftxed at OOH (i.e., the logical address equals the physical address). 
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Lower address limit I 4 
15 1211 

I of common area 1 I 
4 

Bits 7-4 Comparator 

Lower address limit I 4 

of the bank area I 4 
Bits 3-0 I Multiplexor select signal 

~~I~:~' Common base register 

Bank base register 

o I 0 I 0 I 0 I 0 I 0 I 0 I 0 

Physical address 
(64 kbytes) 

Base register 
(8 bits) 

Physical address 
(1 Mbyte) 

\-"/ 
8 

19 12 11 

I I 

15 1211 

+ 
7 

I I I 
:19 ! 16!15 i 12!11 

I I I 

Figure 3·38. Physical Address Generation 

0 

I 

0 

I 

o 

0, 

Logical address 
(64 kbytes)' 

Physical address 
(1 Mbyte) 
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FFFFH 
Common area 1 + 

1£ I Common base I register 

Bank area + 

--~ 

I Bank base register ~ ~ -
y 

+ OOH 
Common area 0 

OOOOH 
X Y Z 

Logical address space 

xx yy zz OOOOOH 
hxl 

Physical address space 

Note: When X, y, and Z are specified in the logical address space, the contents of the base registers 
are added to the logical addresses and physical addresses XX, yv, and ZZ are accessed. 

Figure 3·39. Relationship Between Logical and Physical Spaces 

3.7.5 MMU and Reset 

A reset sets the CBAR to 11110000 and the other registers (CBR and BBR) to 00000000. In this case, 

logical addresses equal physical addresses and act as if there were no MMU. 

After a reset, instruction execution is always restarted at physical address ()()()()()H (logical address 

OOOOH). 
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3.7.6 MMU Operating Precautions 

Setting Lower Address Limits: The three areas of the logical address space can be divided in 

various ways by setting their lower address limits: 

Common area 1 

Bank area 

Common area 0 

Lower address limit of 

common area 1 

> Lower address limit of 

the bank area 

>OOOOH 

@ 

Common area 1 

Common area 0 

Lower address limit of 

common area 1 

= Lower address limit of 

the bank area 

>OOOOH 

Common area 1 

Bank area 

Lower address limit of 

common area 1 

> Lower address limit of 

the bank area 

=OOOOH 

® 

I Comnmn =a 1 I 

Lower address limit of 

common area 1 

= Lower address limit of the 

bank area 

=OOOOH 

Note: The areas are initialized by reset to the comJition shown in ® above. 

Lower address limits must meet the following condition: 

Lower address limit of common area 1 ~ lower address limit of the bank area. 

If this is not met, normal operation is not guaranteed. 

Setting MMU Registers: When data is loaded into an MMU register (CBAR, CBR, or BBR), it does 

not become valid until the first machine cycle after the end of the I/O write cycle. 

If the area in which the program is stored is changed during program execution, the first instruction 

after the MMU register write will be fetched from the new physical address. 
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Section 4. Muitiprotocol Serial Communications 
Interface (MSCI) 

4.1 Overview 

The multiprotocol serial communications interface (MSCn supports three different operating modes: 

asynchronous, byte synchronous, and bit synchronous. 

4.1.1 Functions 

The MSCI includes the following functions: 

• Program-selectable operating modes: asynchronous, byte synchronous, and bit synchronous 

• Transmission codes NRZ, NRZI, Manchester, FMO and FMl are supported. (Only NRZ code is 

supported in the asynchronous mode.) 

• Full duplex communications, auto echo, and local loop back functions are available. 

• Separate transmit and receive buffers are provided for each three stages. 
---- --

• Modem control signals RTSM, CTSM and DCDM can be automatically controlled using the auto-

enable function. 

RTSM (Request To Send): General-purpose output/transmission request 

CTSM (Clear To Send): General-purpose input/transmit enable/transition-triggered interrupt 

DCDM (Data Carrier Detect): General-purpose input/receive carrier detection/transition-triggered 

interrupt 

• Programmable on-chip baud rate generator for transmission and reception 

• Clock is program-selectable from three sources: external clock input, on-chip baud rate generator 

output and internal ADPLL (Advanced Digital PLL) output. 

• Noise suppression function for receive clock and receive data 

• Data transmission rate of 7.1 Mbps for a 10 MHz system clock 

• Four internal interrupt signals: RXRDY, TXRDY, RXINT, and TXINT 

Functions of the MSCI in the synchronous, byte synchronous, and bit synchronous operation modes 

can be summarized as follows: 

(1) Asynchronous mode 

• Full duplex mode supported 
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• Programmable character length (5-8 bits/character) is specified for transmission and reception 

• Programmable parity (odd, even, or no parity) 

• Programmable stop bit length (1, 1.5, or 2 bits) 

• Programmable clock rate for transmission and reception (input clock frequency x 1/1, 1/16, 1/32, or 
1/64) 

• Detection of parity, overrun, and framing errors 

• Transmission and reception breaks 

• Multiprocessor (MP) bit transmission and reception 

(2) Byte synchronous mode 

• 8-bit character length 

• Mono-sync, bi-sync, and external synchronous modes supported 

• CRC code generation and check. Initial value (all Os or Is) is selectable for either CRC-16 or CRC-

CCIrr generator polynomials 

• Automatic SYN character transmission, detection, and deletion 

• CRC code transmission/no-transmission is program-selectable for transmission buffer underruns 

• Transmission of SYN character or mark is program-selectable for the idle state 

• Detection of CRC, overrun, and underrun errors 

(3) Bit synchronous mode 

• 8-bit character length 

• HDLC and loop modes supported 

• Information (I) field configured in bytes 
• Automatic zero insertion in transmit data and deletion from receive data 

• Flag or mark transmission is program-selectable in idle state 

• 8- or 16-bit address (A) field is selectable. Four address field check modes are program-selectable 

• End-of-frame detection 

• CRC code generation and detection 

4.1.2 Configuration and Operatio.n 

Figure 4-1 shows a block diagram of the MSCI. 

The MSCI has 21 internal registers that can be accessed by the user. These registers are used for speci­

fying the operating mode and controlling transmission and reception operations. 
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Receiver: Figure 4-2 shows a block diagram of the MSCI receiver. 

The MSCI receiver has one 3-stage FIFO buffer, five 8-bit shift registers, and one delay register. 

The receiver also has a 6-bit status buffer (FIFO)*I. This buffer retains status information, such as 
parity or framing errors, related to the received data. 

Input data is received via the RXDM line and enters the MSCI internal circuitry after passing through a 

decoder. The data path inside the MSCI differs according to the operating mode (asynchronous, byte 

synchronous, or bit synchronous). 

In the asynchronous mode, input data is checked for the parity/MP bit and for framing errors before 

being passed to receive shift register 4. The data is then sent to the receive buffer as each character is 

received*2. The CPU or DMAC can read the receive buffer data via the internal data bus. 

In the byte synchronous mode, input data enters receive shift register 1 before branching toward both 

receive shift register 2 and receive shift register 4. 

The data received by receive shift register 2 is used to detect SYN character(s). The data received by 

receive shift register 4 is transmitted to the receive buffer. And the received data is transmitted to the 

receive CRC calculator via the receive delay register and the receive CRC shift register. 

Output from the CRC calculator is sent to the MSCI status register 2 (MSTI). The CPU or DMAC can 

read the received data and status via the internal data bus. 

In the bit synchronous mode, the input data enters receive shift register 1, which deletes Os, and detects 

flags, abort status, and idle status. The data then branches toward receive shift register 2 and toward 

the receive CRC calculator. Output from the CRC calculator is passed to MSTI, as in the case of the 

byte synchronous mode. Its contents are also sent to the MSCI frame status register (MFST) at the 

.completion of frame reception. Therefore, the MFST always holds the status of the most recently 

received frame. 

*1 MSCI status register 2 (MST2) is located at the top of the status buffer (FIFO) and interfaces with the internal data 

bus. For details, see section 4.2.11 "MSCI Status Register 2." 

*2 The MSCI TX/RX buffer register (MTRB) is located at the top of the receive buffer and interfaces with the internal 

data bus. For details, see section 4.2.21 "MSCI TX/RX Buffer Register." 
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As for the data sent to receive shift register 2, the secondary station address is detected. The data is 

then sent via receive shift register 3 to receive shift register 4 and the receive buffer. The CPU or 

DMAC can read the received data and status via the internal data bus. If CRC calculation is disabled 

(the CRCCC bit of the MSCI mode register 0 is 0), the received data is sent directly from receive shift 

register 1 to receive shift register 4. The secondary station address is detected in the same way. 
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Transmitter: Figure 4-3 shows a block diagram of the MSCI transmitter. 

The MSCI transmitter has a 3-stage FIFO buffer, a transmit shift register, and a TX pattern register. It 

also has a CRC calculator !!imilar to that of the receiver. 

Output data is written via the internal data bus to the transmit buffer by the CPU or DMAC. 

Information necessary to assemble frames in the associated communications mode is appended to the 

output data in the transmit shift register. The data is then output to the TXDM line after passing 

through the encoder. 

See sections 4.2.1 "MSCI Mode Register 0,"4.2.2 "MSCI Mode Register 1," 4.2.4 "MSCI Control 

Register," 4.2.18 "MSCI Synchronous/Address Register 0" and 4.2.19 "MSCI Synchronous/Address 

Register 1" for details about specifying parity, stop bit length, and break transmission in the asyn­

chronous mode. These sections also contain infonnation about specifying SYN characters, aborts, 

flags, and details about CRC calculation in the byte and bit synchronous modes. 
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4.1.3 Registers 

Table 4-1 lists the MSCI registers. 

Table 4·1. MSCI Registers 

Initial Value.1 
Register Name Symbol I/O Address MSB++LSB Read/Write·2 
MSCI mode register 0 MMDO 002BH 00000000 RIW 
MSCI mode register 1 MMDI 002CH OOOOOOOO RIW 
MSCI mode register 2 MMD2 002DH 00000000 RIW 
MSCI control register MCTL 002EH 00000001 RIW 
MSCI RX clock source register MRXS 0033H 00000000 RIW 
MSCI TX clock source register MTXS 0034H 00000000 RIW 
MSCI time constant register MTMC 0032H 00000001 RIW 
MSCI command register MCMD 002AH W 
MSCI status register 0 MSTO 0021H 00000000 R 

MSCI status register 1 MSTl 0022H 00000000 .RIW 
MSCI status register 2 MST2 0023H OOOOOOOO RIW 
MSCI status register 3 MST3 0024H OOOOXX*300 R 
MSCI frame status register MFST 0025H 00000000 RIW 
MSCI interrupt enable register 0 MIBO 0026H 00000000 RIW 
MSCI interrupt enable register 1 MIEI 0027H 00000000 R/W 
MSCI interrupt enable register 2 MIB2 oo28H 00000000 R/W 

, MSCI frame interrupt enable MFIB 0029H 00000000 R/W 
register 
MSCI synchronous/address MSAO 002FH 11111111 RIW 
register 0 
MSCI synchronous/address MSAI 0030H 11111111 RIW 
register 1 
MSCI idle pattern register MIDL oo31H 11111111 RIW 

MSCI TX/RX buffer register MTRB 0020H XXXXXXXX RIW*4 
X: Undefined 

*1 Value after a hardware reset or a reset command 

*2 Writing in the same bit might mean other function respectively according to the operating mode (asynchronous. byte 

synchronous. or bit synchronous). For details. see the explanation ofregisters from section 4.2.1. 
*3 Bits 3 and 2 in the MSCI status register 3 read the CTSM and DCDM line levels. 

*4 The MSCI TX/RX buffer register functions as a character receive buffer during read operations and as a character 

transmit buffer during write operations. 
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4.2 Registers 

The MSCI has 21 registers which are used to select the operating mode (asynchronous, byte syn­

chronous, or bit synchronous), control the transmitter and receiver, and control the ADPLL and baud 

rate generator. CPU I/O instructions are used for accessing these registers. 

When changing the operating mode, these registers must be initialized by a channel reset command. 

4.2.1 MSCI Mode Register 0 (MMDO) 

This register is used to specify the operating mode (asynchronous, byte synchronous, or bit syn­

chronous), set the auto-enable function, specify the expression for calculating the CRC, and specify the 

stop bit length for the asynchronous mode. 

MSCI mode register 0 is reset under either of the following conditions: 

• Hardware reset, or channel reset command 

7 6 5 4 3 2 

Async -'1 -'1 

Byte Sync PRTCL2 PRTCL1 PRTCLO AUTO CRCCC 

B~ Sync 

ReadlWrite RIW RIW RIW RIW 

Initial Value o 

RIW 

o o 0 0 0 -----,---- I 
I r-

Protocol Mode Auto-Enable 
000: Asynchronous mode 0: Auto-enable reset 
001: Byte-sync, 1: Auto-enable set 

Mono-sync mode 
010: Byte-sync, 

Bi-sync mode 
011: Byte-sync, External 

synchronous mode 
100: Bit-sync, HDLC mode 
101: Bit-sync, Loop mode 
110: Reserved' 2 
111: Reserved' 2 

CRC Calculation Code 
• Byte/Bit synchronous 

mode 
0: Disable 
1: Enable 

-1 Reserved. These bits always read 0 and should be set to O. 

o 
STOP 1 STOPO 

CRCI CRCO 

RIW RIW 

o 0 

I 
Stop Bit Length 
• Asynchronous mode 
00: 1 bit 
01: 1.5 bits 
10: 2 bits 
11: Reserved' 2 

CRC Calculation 
Expression and 
Initial Value'3 
, Byte/B~ synchronous mode 
OX: CRC-1S 
1 X: CRG-CCITT 
XO: Initial value = all Os 
XI: Initial value = aliI s 

'2 Reserved. If these settings are selected, correct operation is not guaranteed. 

'3 X indicates any value (0 or 1). 
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Bits '·S: PRTCL2·0 (protocol mode) 

These bits specify the transmission protocol (transmission control procedlll'e). Before changing the bit 
settings, these bits must be initialized by a channel reset command. If these bits are changed during 
operation, normal operation is not guaranteed. 

PRTCL2 PRTCLl PRTCLO Function 
0 0 0 Specifies asynchronous mode 
0 0 1 Specifies byte synchronous (mono-sync) mode 
0 1 0 Specifies byte synchronous (bi·sync) mode 
0 1 1 Specifies byte synchronous (extemal synchronous) mode 

'1 

1 0 0 Specifies bit synchronous HOLe mode 
1 0 1 Specifies bit synchronous loop mode 
1 1 0 Reserved 
1 1 1 
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Bit 4: AUTO (auto-enable) 

This bit controls the modem control signals (crSM, DCDM and RTSM). 

• AsynchronouslByte/Bit synchronous mode 

AUTO 

o 

1 

Function 

crSM and DCDM are used as general-purpose inputs, and RTSM is used as a 

general-purpose output. 

crSM, DCDM, and RTSM have no effect on MSCI transmission or reception. 

Sets the auto-enable function. The crSM, DCDM, and RTSM lines can be used 

as modem control signals for such as an RS-232C interface. 

For example, the crSM input can be used to control transmission operations. 

When the crSM input goes high, the transmitter sends the data in the transmit 

shift register*1 in the asynchronous mode, and then enters the idl,e state (maintains 

the TXDM line at high level). After this, no data is transferred from the transmit 

buffer to the transmit shift register. 

The DCDM input can be used to control reception operations. When DCDM is 
high, reception is prevented. IT DCDM goes high during character assemblY*2, the 
data being assembled is lost. However, the data in the receive buffer remains 
intact. 
The RTSM output is held at low level during transmission in the asynchronous 

mode. When not transmitting (TX disabled or in the idle state), the RTSM line 

outputs the value of the RTS bit in the MCIL. 

*1 The transmitter transmits one frame in the byte or bit synchronous mode. 
*2 Character assembly implies sampling of received data and assembly of a character in the receive shift register. 

Figures 4-4 (a) and (b) show the timing for modem control signal RTSM. The RTSM output during 

data write to the transmit buffer (MTRB) is provided on the falling edge of the T3 state. The RTSM 

output is set to high level one clock cycle after the TXDM line has been set to mark after data trans­

mission. 

HITACHI 117 



TXCM 

TXDM~~ ________________________ ~ 

{ Write 1 to RTS bit. 
RTSM 

--------------------------------------~ 

FllUre 4·4. (a) Modem Control Signal Timlnl 
(auto·enable,S bits/character, no parity and 111 clock mode) 

I/O write cycle 
~I 

T2 Ts 

WR 

RTSM (Une) 
--t-------f 

Figure 4·4. (b) Modem Control Signal Timing 

, 118 HITACHI 



Bit 3: Reserved 

This bit always reads 0 and should be set to O. 

Bit 2: CRCCC (CRC calculation code) 

This bit specifies CRC code generation/detection in the byte synchronous or bit synchronous mode. 

• Asynchronous mode 

Resexved. This bit always reads 0 and should be set to O. 

• Byte synchronous/Bit synchronous mode 

CRCCC 

o 
1 

Function 

CRC code generation/detection is not perfonned. 

In the byte or bit synchronous mode, CRC calculation for transmission and 

reception is perfonned. Results of the CRC calculation for transmission are 

output as CRC code whereas results of the CRC calculation for reception are 

indicated by the CRCE bit in MST2. 

In the bit synchronous mode, FCS (CRC) are deleted without being transferred to 

the receive buffer. 

Bits 1-0: STOPI-0/CRCI-0 (Stop ~it length/CRC calculation expression and initial value) 

These bits specify the stop bit length in the asynchronous mode and the CRC calculation expression in 

the bit and byte synchronous mode. 

• Asynchronous mode 

STOPI STOPO Function 

0 0 Stop bit length is 1 

0 1 Stop bit length is 1.5 

1 0 Stop bit length is 2 

1 1 Resexved 

When settings of these bits are changed, the newly specified stop bit length takes effect from the. char­

acter currently transmitted. 
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• Byte synchronous mode, bit synchronous mode 

CRCl 

o 

1 

CRCO 

o 
1 

Function 

CRC-16 (X16 + XIS + X2 + 1) is used for CRC calculations in the transmitter and 
receiver. 

CRC-CCI'IT (X16 + Xl2 + XS + 1) is used for CRC calculations in the transmitter 
and receiver. 

Function 

Sets the CRC calculator reset value to alIOs. 

Sets the CRC calculator reset value to all Is. 

4.2.2 MSCI Mode Register 1 (MMDl) 

This register is used to specify the relationship between the transmit/~eive data and transmit/receive 

clock, the transmit/receive character length, the parity/MP bit in the asynchronous mode, and the 

method for checking the address field in the bit synchronous mode. 

The MSCI mode register 1 is reset under either of the following conditions: 

• Hardware reset, or channel reset command 
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7 6 5 4 3 2 o 
Async BRATE1 BRATEO TXCHR1 TXCHRO RXCHR1 RXCH~ PMPM1 PMPMO 

Byte Sync -*1 -*1 -*1 -"1 -"1 -"1 -*1 -"1 

Bit Sync ADDRS1 ADDRSO 

ReadJWrite AMI AMI AMI AMI AMI 

Initial Value 0 0 0 0 0 0 

~anSmitJarader ~ Eength 
Bit Rate 0 Asynchronous mode 
o Asynchronous mode 00: 8 bitsJcharader 
00: 111 clock rate 01: 7 bitsJcharader 
01: 1/16 clock rate 10: 6 bitsJcharader 
1 0: 1132 clock rate 11: 5 bitsJcharader 
11 : 1/64 clock rate 

Address Field Check 
o Bit synchronous mode 
00: Address field no-check 
01: Single address 1 
10: Single address 2*2 
11: Dual address 

Receive Charader 
Length 
o Asynchronous mod. 
00: 8 bitsJcharader 
01: 7 bitsJcharader 
10: 6 bitsJcharader 
11: 5 bitsJcharader 

"1 Reserved. Thase bits always read 0 and should be set to o. 

o 0 

Parlty/Multiprocessor 
Mode 
o Asynchronous mode 
00: No paritylMP bit 
01: MP bit appended 

. (by command) 
10: Even parity appended and 

checked 
11: Odd parity appended and 

checked 

"2 This is a 4-bit address in bit synchronous loop mode. For details. sea "Address Field Chacko in sadlon 
4.3.3. "Bit Synchronous Mode· and 4.3.4 "Bit Synchronous Loop Mode.· 

Bits '·6: BRATEl.O/ADDRSl·O (Bit rate/Address field check) 

These bits specify the relationships between the bit rate and the transmitlreceive clock in the asyn­
chronous mode and the method for checking the address field in bit synchronous mode. These bits are 
used for both transmission and reception. 

• Asynchronous mode 

For details, see section 4.3.1 "Asynchronous Mode." 

BRATEI BRATEO Bit Rate 

0 0 1/1 clock rate 

0 1 1/16 clock rate 

1 0 1/32 clock rate 

1 1 1/64 clock rate 
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• Byte synchronous mode 

Reserved. These bits always read 0 and should be set to O. 

• Bit synchronous mode 

For details, see "Address Field Check" in section 4.3.3 "Bit Synchronous Mode." 

ADDRSI ADDRSO Function 

0 0 Skips the address field check 

0 1 Sets single address 1 

1 0 Sets single address 2 *1 

1 1 Sets dual address 

*1 This specifies the 4-bit address mode in the bit synchronous loop mode. For details, see "Address Field Check" in 

section 4.3.4 "Bit Synchronous Loop Mode." 

Bits 5-4: TXCHRI-O (Transmit character length) 

These bits specify the character length of the transmit data in the asynchronous mode. When these bits 

are changed during operation, the new character length applies to the next transmit character. 

• Asynchronous mode 

TXCHRI TXCHRO Transmit Character Length 

o o 8 bits/character 

o 1 7 bits/character 

1 o 6 bits!character 

1 1 5 bits/character 

• Byte synchronous/Bit synchronous mode 

Reserved. These bits always read 0 and should be set to O. 
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Bits 3-2: RXCHRI-0 (Receive character length) 

These bits specify the character length of receive data in the asynchronous mode. When these bits are 

changed during operation, the new character length applies to the next receive character . 

• Asynchronous mode 

RXCHRI RXCHRO Receive Character Length 

o o 8 bits/character 

o 1 7 bits/character 

1 o 6 bits/character 

1 1 5 bits/character 

• Byte synchronous/Bit synchronous mode 

Reserved. These bits always read 0 and should be set to O. 

Bits 1-0: PMPMI-0 (Parity/Multiprocessor mode) 

These bits specify whether or not to use the parity check and multiprocessor (MP) mode in the 

asynchronous mode. When these bits are changed during operation, the new settings apply to the next 

transmit/receive character. 

• Asynchronous mode 

For details, see "Parity/MP Bit".in section 4.3.1 "Asynchronous Mode." 

PMPMl PMPMO Function 

-0 0 Parity/MP bit not appended; parity check not performed 

0 1 Specifies appending an MP bit (MP bit value is specified by 

command)*} 

1 0 Specifies even parity and parity check performed 

1 1 S~ifies odd ~arity and ~arity check performed 

*1 See section 4.2.8 "MSCI Command Register." 

• Byte synchronous/Bit synchronous mode 

Reserved. These bits always read 0 and should be set to O. 
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4.2.3 MSCI Mode Register 2 (MMD2) 

This register is used to specify the transmission code type, the ratio of the advanced digital phase 

locked loop (ADPLL) operating clock to the bit rate, and the connection path between the transmit/ 

receive data and the TXDM/RXDM lines. 

MSCI mode register 2 is reset under the following conditions: 

• Hardware or channel reset command 

7 6 5 4 

Async -'I -'I -'I -'I 

Byte Sync NRZFM CODE1 CODEO DRATE1 

Btt Sync 

ReadlWrite 

Initial Value 0 0 0 o 

NRZ,,1 .. ~ 
• Byte/Btt 

synchronous Transmission Code 
mode ~ 

0: NRZ • Byte/Bit synchronous 
1: FM mode 

• NAZ 
00: NRZ 

3 

-'I 

DRATEO 

o 

2 

-'I 

o 

CNCT1 

o 

o 

CNCTO 

Rm 
o 

Channel Connection 
00: Full duplex , 

communications 
01: Auto echo 
10: Reserved'2 
11: Local loop back 

01: NAZI 
10: Reserved'2 
11: Reserved,2 
• FM 

ADPLL Operating Clock/Bit Rate 
• Byte/Bit synchronous mode 
00: x8 

00: Manchester 
01: FM1 
10: FMO 
11: Reserved' 2 

01: x16 
10: x32 
11: Reserved' 2 ' 

'I Reserved. These bits always read 0 and should be set to O. 
'2 If these settings are selected, normal operation is not guaranteed. 
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Bit 7: NRZFM (NRZ or FM Select) 

This bit specifies the transmission code type (NRZ or FM) and is used in conjunction with CODEI-O 

bits (see below). It specifies decode and encode types of MSCI. In the asynchronous mode only the 

NRZ type is available. 

• Asynchronous mode 

Reserved. This bit always reads 0 and should be set to O. 

• Byte synchronous/Bit synchronous mode 

NRZFM Function 

o Specifies NRZ transmission code type 

1 Specifies FM tnlnsmission code type 

Bits 6-5: CODEl-O (Transmission code type) 

These bits are used in conjunction with the NRZFM bit (above) to specify the signal decoding and 

encoding type. In the asynchronous mode only the NRZ type is available. 

• Asynchronous mode 

Reserved. These bits always read 0 and should be set to o. 

• Byte synchronous/Bit synchronous mode 

NRZFM CODEl CODEO Function 

0 NRZ 0 0 Specifies NRZ transmission code type 

0 1 Specifies NRZI transmission code type 

1 0 Reserved 
1 1 

1 FM 0 0 Specifies Manchester transmission code type 

0 1 Specifies FM! transmission code type 

1 0 Specifies FMO transmission code type 

1 1 Reserved 
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Bits 4-3: DRATE1-0 (ADPLL operating c1ock1bit rate) 

These bits specify the ratio of the ADPLL operating clock frequency to the bit rate in the byte or bit 

synchronous mode . 

• Asynchronous mode 

Reserved. These bits always read 0 and should be set to O. 

• Byte synchronous/Bit synchronous mode 

DRATE1 DRATEO Function 

o o ADPLL operating clock frequency = bit rate x 8 

o 1 ADPLL operating clock freguency = bit rate x 16 

1 o ADPLL operating clock frequency = bit rate x 32 
1 1 Reserved 

Bits 1-0: CNCT1-0 (Channel connection) 

CNCTl CNCTO 

o o 
o 1 

1 o 
1 1 
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Function 

Specifies full duplex communications (normal operation). 

Specifies auto-echo. 

In this mode, input data, via the RXDM line, is directly output to the 

TXDM line. This mode allows data reception, but not data transmis­

sion. 

The TXCM line echoes the RXCM line input. 

Reserved 

Specifies local loop-back mode. 

In this mode, the transmit shift register output is internally connected 

to the receive shift register input to directly receive the transmit data. 

Independent of the above operation, the TXDM line echoes the 

RXDM line input and the TXCM line echoes the RXCM line input. 



4.2.4 MSCI Control Register (MCTL) 

This register is used to specify the relationship between the TXRDY bit and the transmit buffer status, 
the transmit operation upon underrun, an output pattern for the idle state in byte and bit synchronous 

modes, a break send for the asynchronous mode, a SYN character transfer from. the data field to the 
receive buffer, and the RTSM line output level. 

The MSCI control register is reset under the following conditions: 

• Hardware reset, or channel reset command 

The BRK bit (bit 3) is also cleared by a TX reset command. 

7 

Async TXRDVC 

Byta Sync 

Bit Sync 

RaacIJWrita ANI 

Initial Valua 0 

~ 
TX Ready State Centrol 
0: TXRDY bit goes to 1 

6 

-°1 

o 

when the transmit buffer is 
empty 

1: TXRDY bit goes to 1 when 
the transmit buffer Is not full 

5 4 

-°1 -°1 

UDRNC IDLC 

ANI ANI 

o o 

3 2 

BRK -°1 

-°1 SVNCLD 

ANI 

o 

I 
Send Break 

-°1 

o 

° Asynchronous 
mode 

0: Off 
1: On (break send) 

Idle State Centrol 
• BytalBit synchronous mode 
0: Transmits a mark 
1: Transmits an idle pattam 

o 
-°1 RTS 

GOp02 

o 

Request to Send 
0: RTSM IIna at 

low level 
1: RTSM lina at 

high lavel 

Go Active on pon 
• Bit synchronous 

loop mode 
0: Disable 
1: Enable 

Underrun Slate Centrol SYN Character 
• Byte synchronous mode 
0: Entars Idla state immediately 
1: Enters Idle state after CRC transm ission 
• Bit synchronous mode 
0: Enters idle state after aborting transmission . 
1: Enters idle state after FCS and flag transmission 

'1 Reserved. These bits always read 0 and should be sat to o. 
'2 This bit is valid only in bit synchronous loop mode. 

Load Enabla 
• Byta sync moda 
0: Disable 
1: Enable 
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Bit 7: TXRDYC (TX ready ,tate control) 

This bit specifies the transmit buffer state which will set the TXRDY bit of MSCI status register 0 to 1. 

• Asynchronous/Byte synchronous/Bit synchronous mode 

TXRDYC 

o 
1 

Function 

The TXRDY bit goes to 1 when the transmit buffer is empty. 

The TXRDY bit goes to 1 when the transmit buffer is not full. 

Use this setting for DMA transfer. 

Bit 6: Reserved. This bit always reads 0 and should be set to O. 

Bit 5: UDRNC (Underrun state control) 

This bit specifies the transmit operation to be executed when the underrun state is entered in the byte or 

bit synchronous mode. 

• Asynchronous mode 

Reserved. This bit always reads 0 and should be set to O. 

• Byte synchronous mode 

UDRNC Function 

o Enters the idle state immediately in the underrun state. 

1 Enters the idle state after CRC code transmission in the underrun state. 

• Bit synchronous mode 

UDRNC Function 

o Enters the idle state after aborting transmission in the underrun state. 
; 

1 Enters the idle state after FCS (CRC code) and flag 1J;"ansmission in the underrun 

state. 
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Bit 4: IDLC (Idle state control) 

This bit specifies the TXDM line output when the idle state is entered in the byte or bit synchronous 

mode. 

• Asynchronous mode 

Reserved. This bit always reads 0 and should be set to O. 

• Byte synchronous mode and bit synchronous mode 

IDLC Function 

o Sets the TXDM line to the high level (mark) in the idle state. 

1 Repeatedly transmits the 8-bit idle pattern in the MSCI idle pattern register 

(MIDL) in the idle state. 

Bit 3: BRK (Send break) 

This bit specifies whether or not to transmit a break in the asynchronous mode. 

• Asynchronous mode 

BRK Function 

o Transmits no break (normal operation) 

1 Transmits a break 

When this bit is set to I, the TXDM line goes to low level (space) beginning from 

the next transmit clock falling edge. To transmit a break, this state must continue 

for two or more character cycles. 

The BRK bit is cleared to 0 by a TX reset command. 

For details on transmitting breaks, see "Break Transmission and Detection" in section 4.3.1 

"Asynchronous Mode." 

• Byte/Bit synchronous mode 

Reserved. This bit always reads 0 and should be set to O. 
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Bit 2: SYNCLD (SYN character load enable) 

This bit specifies whether or not to transfer the SYN character (in the data field) to the receive buffer in 

the byte synchronous mode. See section 4.3.2 "Byte Synchronous Mode." 

In this case, the SYN character specified by the MSCI sync/address register 0 is valid. 

• Asynchronous mode 

Reserved. This bit always reads 0 and should be set to O . 

• Byte synchronous mode 

SYNCLD Function 

o Does not transfer the SYN character in the data field to the receive buffer, but deletes it 

1 Transfers the SYN character in the data field to the receive buffer. 

• Bit synchronous mode 

Reserved. This bit always reads 0 and should be set to O. 

Bit 1: GOP (Go active on poll) 

This bit specifies whether or not to send transmit buffer data when a GA pattern is received in bit 

synchronous loop mode. For information about the GA pattern, see section 4.3.4 "Bit Synchronous 

Loop Mode." 

• AsynchronouslByte synchronous mode 

Reserved. This bit always reads 0 and should be set to O . 

• Bit synchronous loop mode 

GOP Function 

o Does not send transmit buffer data when a GA pattem is received. 

1 Sends transmit buffer data when a GA pattern is received. 
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Bit 0: RTS (Request to send) 

This bit specifies the RTSM line output level. 

• AsynchronouslByte synchronousIBit synchronous mode 

Function 

o The RTSM line level goes low. 

1 The RTSM line level goes high. 

When auto-enable has been selected (AUTO bit of the MMDO register is 1) in the asynchronous mode, 

the RTSM line goes low in the transmit operation, regardless of the RTS bit setting. 

4.2.5 MSCI RX Clock Source Register (MRXS) 

This register is used to specify the receive clock and the baud rate of the baud rate generator (BRG) in 

the receiver. 

The MSCI RX clock source register is reset under the following conditions: 

• Hardware reset, or channel reset command 

765 4 3 

Async -"1 RXCS2 RXCS1 RXCSO RXBR3 

Byte Sync 

Bit Sync 

ReadlWrite ANI ANI 

Initial Value o o o o 

I 
Receive Clock Source 

000: RXCM line input 
010: RXCM line input (noise suppression) 
100: Internal baud rate generator (BRG) output 
110: ADPll output 

(BRG output for ADPll operating clock) 
111: ADPll output 

(RXCM line input for ADPll operating clock) 
Others: Reserved" 2 

o 

. "1 Reserved. This bit always read 0 and should be set to o. 

2 o 
RXBR2 RXBR1 RXBRO 

ANI ANI 

o o o 

I 
Receive Baud Rate 

• Clock division ratio 
0000: 1/1 
0001: 112 
0010: 1/4 
0011: 1/8 
0100: 1116 
0101: 1/32 
0110: 1/64 
0111: 11128 
1000: 11256 
1001: 1/512 
Others: Reserved" 2 

"2 Reserved. When these settings are selected, normal operation is not guaranteed. 

HITACHI 131 



Bit 7: Reserved. This bit always reads 0 and should be set to O. 

Bits 6·4: RXCS2·0 (Receive clock source) 

These bits specify the receive clock source. 

• Asynchronous/Byte synchronous/Bit synchronous mode 

RXCS2 RXCSt RXCSO Fundion 

0 0 0 Specifies the RXCM input as the receive clock. The noise 

suppressor does not function for the receive clock and receive 

data. 

0 1 0 Specifies the RXCM input as the receive clock. l'he noise 

suppressor of the ADPll.. functions for both the receive clock and 

receive data. 

1 0 0 Specifies the internal BRG as the receive clock. The receive clock 

generated by the BRG is output from the RXCM line. 

1 1 0 Specifies the clock extracted by the ADPLL as the receive clock. 

The BRG output is used as the ADPLL operating clock. At this 

time, the receive data noise is suppressed. The receive clock 

extracted by the ADPLL is output from the RXCM line. 

1 1 1 Specifies the clock extracted by the ADPLL as the receive clock. 

The RXCM input line is used as the ADPLL operating clock. 

Receive data noise is suppressed. 

Others Reserved 

132 HITACHI 



Bits 3-0: RXBR (Receiver baud rate) 

These bits, used in conjunction with the MSCI time constant register (MTMC) setting, specify the baud 

rate (when baud rate generation is used in the receiver). For details, see section 4.6 "Baud Rate 

Generator. " 

• Asynchronous!Byte synchronous/Bit synchronous mode 

RXBR3 RXBRl RX;BRI RXBRO Division ratio 

0 0 0 0 1/1 

0 0 0 1 1/2 

0 0 1 0 1/4 

0 0 1 1 1/8 

0 1 0 0 1/16 

0 1 0 1 1/32 

0 1 1 0 1/64 

0 1 1 1 1/128 

1 0 0 0 1/256 

1 0 0 1 1/512 

1 0 1 0 
Reserved 

1 1 1 1 
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4.2.6 MSCI TX Clock Source Register (MTXS) 

This :register is used to specify the transmit clock source and the baud rate in the transmitter BRG. 

The MSCI TX clock source register is reset under the following conditions: 

• HaIdware reset, or channel reset command 

7 6 5 4 3 

Asyne -·1 TX082 lX081 lXCSO TXBR3 

Byte Sync 

Bit Sync 

ReadlWrite 

Initial Value o 
RIW 

o 

Transmit Clock Source 
000: TXCM line input 

, 

RIW RIW 

o o 

100: Internal baud rate generator (BRG) output 
11 0: Receiver clock 
Othera: Reserved· 2 

RIW 

o 

·1 Reserved. This bit always reads 0 and should be set to O . 

2 o 
TXBR2 TXBR1 TXBAO 

RIW RIW RIW 

o o o 

Transmit Baud Rate 
• Clock division ratio 
0000: 1/1 
0001: 112 
0010: 1/4 
0011: 118 
0100: 1/16 
0101: 1132 
0110: 1184 
0111: 11128 
1000: 11256 
1001: 11512 
Others: Reserved·2 

• 2 Reserved. When these settings are selected, normal operation is not guaranteed. 

Bit 7: Reserved. This bit always reads 0 and should be set to O. 

Bits 6·4: TXCS2-O (Transmit clock source) 

These bits are used to specify the transmit clock source. 
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• Asynchronous/Byte synchronous/Bit synchronous mode 

TXCS2 

o 
1 

1 

Others 

TXCSI TXCSO Function 

o 0 Specifies the TXCM input as the transmit clock. 

o 0 Specifies the internal BRG output as the transmit clock. The 

transmit clock generated by the BRG is output from the TXCM 

line. 

1 o Specifies the receive clock as the transmit clock. Use this 

specification in the following cases: 

• When using the clock extracted by the ADPLL as the transmit 

clock 

• When using the receive clock as the transmit clock in bit 

synchronous loop mode 

Reserved 

Bits 3-0: TXBR (Transmit baud rate) 

These bits are used in conjunction with the time constant register (M1MC) to specify the baud rate 

(when the baud rate generator is used in the transmitter). For details, see section 4.6 "Baud Rate 

Generator. " 

• Asynchronous /Byte synchronous/Bit synchronous mode 

TXBR3 TXBR2 TXBRI TXBRO Division Ratio 

0 0 0 0 1/1 

0 0 0 1 1/2 

0 0 1 0 1/4 

0 0 1 1 1/8 

0 1 0 0 1/16 

0 1 0 1 1/32 

0 1 1 0 1/64 

'0 1 1 1 1/128 

1 0 0 0 1/256 

1 0 0 1 1/512 

1 0 1 0 

Reserved 

1 1 1 1 
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4.2.7 MSCI Time Constant Register (MTMC) 

This register is used to sPecify a .value (1 - 256) to be loaded to the reload timer in the internal baud 
rate generator (BRG). For details, see section 4.6 "MSCI Baud Rate Generator." 

The MSCI time constant register is reset under the following conditions: 

• Hardware reset, or channel reset command 

7 6 5 4 3 2 o 
Async TMC7 1MC6 TMC6 1MC4 ThfC3 TMC2 TMC1 TMCO 

Byte Sync 

Bit Sync 

ReadIWrite 

Initial Value 

RIW RIW RIW RIW RIW RIW RIW RIW 

o o o o o o o 

Value loaded to the reload timer (1 - 256) 

Bits 7-0: TMC 7-0 (time constant) 

• Asynchronous/Byte synchronous/Bit synchronous mode 

These bits specify the value (1 - 256) to be loaded to the reload timer of the internal baud rate 
generator. If zero is specified, the value is assumed to be 256. These bits are used in combination with 
the TXBR3-0 bits of the MSCI TX clock source register (MTXS) and the RXBR3-0 bits of the RX 
clock source register (MRXS) to determine the BRG output frequency for transmission and reception. 

The generated clock frequency can be calculated by the following expression: 

faRO = f!l! + 2BR 
TMC 

faRO: Transmit (receive) BRG output frequency 
fjil: CPU clock frequenCy 

TMC: Time constant regist~ se~ value (1 - 256) 
BR: Value (0 - 9) set in TX:PR3-0 bits of TX clock source register or RXBR3-O 

bits of RX clock source register. 

136 HITACHI 



4.2.8 MSCI Command Register (MCMD) 

This register is used to specify the command for MSCI transmission/reception control. The register is 

a write-only register and always reads DOH. 

7 6 5 4 3 2 o 
Async 

Byte Sync -*1 -'1 CM05 CM04 CMOO CMD2 CMDI CMDO 

Bit Sync 

ReadlWrite 

Initial Value 

• Transmit Commands 
000001: TX reset 
000010: TX enable 
000011: TX disable 
000100: TX CRC initialization 
000101: Exclusion from TX 

CRC calculation 
000110: End of message 
000111: Abort transmission 
001000: MP bit on 
001001: TX buffer clear 

[Others: Reserved'2j 

W W W W 

I 
Command 

• Receive Commands 
010001: RX reset 
010010: RX enable 
010011: AXdisable 
010100: RX CRC initialization 
010101: Message reject 
01011 0: Search MP bit 
010111: Exclusion from RX 

CRC calculation 
011000: Forcing AX CRC 

calculation 

'1 Reserved. These bits always read 0 and should be set to O. 

W W 

• Other Commands 
100001: Channel reset 
110001: Enter search mode 
000000: No operation 

, 2 When these reserved values are specified, normal operation is not guaranteed. 

Bits '·6: Reserved. These bits always read 0 and should be set to O. 

Bits 5·0: CMD 5·0 (Command) 

• AsynchronouslByte synchronouslBit synchronous mode 

Transmit, receive, and other commands are specified in bits 5-0. Tables 4-2 to 4-4 summarize these 

command settings and functions. 
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(1) Transmit commands 

Table 4·2. Transmit Commands 

Command Name 
(set value) 

TX reset (01H) 

TX enable (02H) 

TX disable (03H) 

TX CRC initialization (04H) 

TX CRC calculation 

. exclusion (05H) 

End-of-message (06H) 

Function 

Immediately places the transmitter in the TX disable state (the trans­

mit line goes to mark). 

The transmit buffer is cleared, the transmit status in the MSCI status 

register 3-0 (MST 3-0) is reset, and the BRK bit of the MCfL is reset. 

Other registers are not affected. 

Places the transmitter in the idle state when the transmitter is in the 

TX disable state. For auto-enable operation, see the explanation 

regarding the AUTO bit in section 4.2.1 "MSCI Mode Register 0 

(MMDO)." 

The transmitter enters the TX disable state after sending the transmit 

buffer data in the asynchronous mode or after transmitting one frame 

in byte or bit synchronous mode (the TXRDY bit of MSCI status reg­

ister 0 immediately goes to 0.) 

Sets the transmitter CRC calculator to the initial value specified by 

the CRCO bit of MMDO. After the command is issued, the CRC cal­

culator is initialized when the first transmit character is transferred to 

the transmit shift register. 

Use this command in byte or bit synchronous mode. 

Excludes a specific character from the transmit CRC calculation. 

This command is valid only for the first character transferred to the 

transmit shift register after the command is issued. If the fIrSt charac­

ter needs to be excluded, the command must be issued during trans­

mission of the SYN character preceding the character to be 

excluded. * 1 

Command operation is not guaranteed for modes other than byte 

synchronous. 

Specifies the first transmit character transferred to the transmit 

buffer after the command is issued as the last character of the frame. 

The transmitter sends the character that specifies the end of a mes­

sage. It then transmits the CRC code in byte synchronous mode 

or sequentially transmits the FCS (CRC code) and flag in bit 

synchronous mode. 

*1 If SYN character ttansmission timing is not explicit, write a SYN character to the MSCI TX/RX buffer register before 

the fl1'St character. and then issue the command during the SYN character transmission. 
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Table 4·2. Transmit Commands (cont.) 

Command Name 
(set value) 

Abort transmission (07H) 

MP bit on (08H) 

TX buffer clear (09H) 

(2) Receive commands 

Function 
Immediately transmits an 8-bit abort pattern 11111111 and clears the 

transmit buffer. 

Use this command in the bit synchronous mode. 

Sets the transmit data MP bit to I, and then transmits a character. 

This command is valid only for the fIrSt character transferred to the 

transmit buffer after the command is issued. 

Operation of this command is not guaranteed in modes except 

asynchronous mode. 

Oears the transmit buffer. The buffer contents are lost. 

Other registers are not affected. 

Table 4·3. Receive Commands 

Command Name 

(set value) 

RX reset (11H) 

RX enable (12H) 

RX disable (13H) 

Function 

Halts the receive shift register and places the receiver in the RX dis­

able state. 

The receive buffer is cleared and the receive status values stored in 

the MSCI status registers 3-0 (MST 3-0) are reset. Other registers are 

not affected. 

Places the receiver into the start bit search state in the asynchronous 

mode, the SYNI wait state in byte synchronous mode, and the flag 

wait state in bit synchronous mode. 

If the receiver is in the enable state, this command is invalid. 

For operation in the auto-enable, see the explanation regarding the 

AUTO bit in section 4.2.1 "MSCI Mode Register 0 (MMDO)." 

Halts the receive shift register and places the receiver in the RX dis­

able state. The receive shift register contents are lost, but the receive 

buffers are not affected. 
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Table 4-3. Receive Commands (cont.) 

Command Name 
(set value) 

RX CRC initialization (14H) 

Message reject (ISH) 

Search MP bit (16H) 

Function 
Sets the receiver CRC calculator to the initial value specified by 

the CRCO bit of MMDO. Mter issuing this command the CRC 

calculator is initialized when the first receive character is trans­

ferred to the receive shift register. 

Use this command in byte and bit synchronous modes. 

In byte synchronous mode, the receiver re-establishes character 

synchronization immediately after this command is issued. 

In bit synchronous mode, this command prevents the current data 

frame from being transferred to the receive buffer. Data transfer 

to the receive buffer resumes beginning with the next frame. 
Prevents the receive character with MP bit = 0 from being loaded 

into the receive buffer. This command remains valid until a char­

acter with MP bit = I is received. 

IT necessary, re-issue this command after receiving a character 

with MP bit = 1. 

This command is valid only in asynchronous mode. 

RX CRC calculation exclusion Excludes a specific character from the receiver CRC 
(I7H) calculation. 

This command must be issued within 8 bit cycles after the charac­

ter to be excluded from the CRC calculation enters the receive 

buffer. 

Command operation is not guaranteed in modes other than byte 

synchronous. 

Forcing RX CRC calculation (ISH) Forcibly starts CRC calculation using the 8-bit data in the receive 

delay register. 
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In byte synchronous mode, issue this command after the second 

byte of the CRC code has entered the receive buffer. This allows 

CRC calculation to be completed even when the receive clock is 

halted after CRC code reception. 

CRC error status is valid 15 system clock cycles after issuing this 

command and it remains valid until the next data enters the receive 

buffer. 



(3) Other commands 

Table 4·4. Other Commands 

Command Name 
(set value) Function 

Channel reset (21H) Resets all registers to their initial values and places the receiver in 

the disable state (the receive buffer is cleared). 

Enter search mode (31H) Places the ADPlL in the search mode. For PM code transmission, 

synchronization between the extracted receive clock and receive 

data can be established in a single operation (in this case, the SRCH 

bit of MSCI status register 1 goes to 1). 

For details, see section 4.5 "ADPLL" 

No Operation (OOH) The transmitter and receiver continue the current operation. 

4.2.9 MSCI Status Register 0 (MSTO) 

This register is used to indicate the status of interrupts (fXINT and RXIN1) and transmit/receive 

buffer. When a bit (except bits 5-2) goes to 1, an interrupt is generated (if enabled). 

MSCI status register 0 (MSTO) is reset under the following conditions: 

• Hardware reset, or channel reset command 

• System stop mode 

7 6 

Async TXINT RXINT 

Byte Sync 

Bit Sync 

ReadlWrite R 

Initial Value 0 

I 
TXINT interrupt 
0: No interrupt 
1: Interrupt 

R 

o 

5 . -

o 

RXINT interrupt 
0: No interrupt 
1: Interrupt 

• Reserved. These bits always read o. 

4 . -

o 

3 2 o 
-. -. TXRDY RXRDY 

R R 

o 0 0 0 I Ij TXready 
0: Transmit buffer full 
1: Transmit buffer 

empty/not full 

RXready 
0: No receive data 
1: Receive data 
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/ 

Bit 7: TXINT (TXINT interrupt) 

This bit indicates whether or not the TXINT internal interrupt has been set. The TXINT interrupt is 

enabled when this bit and the TXINTE bit of MIEO are both 1. 

• Asynchronous/Byte synchronous/Bit synchronous mode 

TXINT 

o 
1 

Function 

Indicates that a TXINT interrupt has not occurred. 

Indicates that a TXINT interrupt has occurred. 

That is, the TXINT bit is set under the following conditions: 

(1) The UDRNE bit is set to 1 and an underrun error has occurred, or 

(2) The IDLE bit is set to 1 and the idle state is entered, or 

(3) The CcrSE bit is set to 1 and the crSM line level is changed. 

This bit is set to 1 under the following conditions: 

TXINT = UDRN·UDRNE + IDL-IDLE + ccrs • ccrSE 

(UDRN, IDL, ccrS: Bits '7,6, and 3 of MSCI status register 1 

UDRNE, IDLE, CcrSE: Bits 7, 6, and 3 of MSCI interrupt enable register 1) 

Bit 6: RXINT (RXINT interrupt) 

This bit indicates whether or not the internal RXINT interrupt has been set. Internal RXINT interrupt 

is enabled when this bit and the RXINTE bit of MIEO are both equal to 1. 

• Asynchronous/Byte synchronous/Bit synchronous mode 

RXINT 

o 
1 
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. Function 

Indicates that an RXINT interrupt has not occurred . 

. Indicates that an RXINT interrupt has occurred. 

The RXINT bit is set under the following conditions: 

(1) The SYNCDElFLGDE bit is set and a SYN character or flag has been 

detected, or 

(2) The CDCDE bit is set and the DCDM line level is changed, or 

(3) The BRKDE/ABTDE/GAPDE bit is set and a break start/abort or GA pattern is 

detected, or 

(4) The BRKEE/lDLDE bit is set and a break end or idle start is detected, or 

(5) The EOMB bit is set and the receive frame ends, or 



RXINT Function 
(6) The PMPFJSHRTE bit is set, and parity/MP bit is set or a short frame is 

detected, or 
(7) The PEEl ABTE bit is set and a parity error or abort frame is detected, or 

(8) The FRMEFJRBITE bit is set and a framing error or residue bit frame is 

detected,or 

(9) The OVRNE bit is set and an ovemm error is detected, or 
(to) The CRCEE bit is set and a CRC error is detected, or 
(11) The EOMFE bit is set, the receive frame has ended, and the last character has 

been read from the receive buffer. 

This bit is set to 1 under the following conditions: 

RXINT = (SYNCDIFLGD)·(SYNCDE/FLGDE)+CDCD.CDCDE+(BRKD/ABTDI 

GAPD)·(BRKDFJABTDE/GAPPE)+(BRKE/IDLD)·(BRKEElIDLDE)+EOM· 

EOME+ (PMP/SHRT)·(pMPFJSHRTE)+(PFJABT)·(pEFJABTE)+(FRMFJRBIT)· 

<FRMEFJRBITE)+OVRN·OVRNE+CRCE·CRCEE+EOMF·EOMFE 

SYNCDIFLGD, CDCD, BRKD/ABTD/GAPD, BRKE/IDLD: Bits 4; 2, 1 and 0 of 

MSCI status register 1 

EOM, PMP/SHRT, PFJABT, FRME/RBIT, OVRN, CRCE: Bits 7-2 ofMSCI status 

register 2 

EOMF: Bit 7 of MSCI frame status register 

SYNCDE/FLGDE, CDCDE, BRKDFJABTDFJGAPDE, BRKEFJIDLDE: Bits 4, 2, 

1 and 0 of MSCI interrupt enable register 1 

EOME, PMPFJSHRTE, PEFJABTE, FRMEFJRBITE, OVRNE, CRCEE: Bits 7-2 of 

MSCI interrupt enable register 2 

EOMFE: Bit 7 of MSCI frame interrupt enable register 

Bits 5-2: Reserved. These bits always read O. 

Bit 1: TXRDY (TX ready) 

This bit indicates the transmit buffer status. 

When the transmitter is enabled and the transmit buffer is empty (TXRDYC bit = O)/non-full 

(TXRDYC = I), the TXRDY bit is set. Otherwise, the TXRDY bit is cleared. This means that the 

transmit buffer can be written only while the TXRDY bit is 1. 
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When the TXRDY bit and the TXRDYE bit of the MSCI interrupt enable register 0 are both set to 1, a 

TXRDY interrupt request is issued to the CPU. Also, when the TXRDY bit is set, a DMA request is 

issued to the on-chip DMAC. For details, see section 4.8.1 "Serial Data Transfer by the CPU and 

Internal DMAC." 

• Asynchronous/Byte synchronous/Bit synchronous mode 

TXRDY 

o 

1 

Function 

This bit is cleared to 0 when the transmit buffer is full in the TX enable state. It is 

also cleared when the TX disable state is entered or when an underrun error is gener­

ated. 

This bit is set when the transmit buffer is empty or not full in TX enable state. The 

set condition is specified by the TXRDYC bit of MSCI control register. 

Bit 0: RXRDY (RX ready) 

This bit indicates the receive buffer status. 

This bit is set to 1 when receive data remains in the receive buffer, regardless of the RX enable or RX 

disable status. 

A RXRDY interrupt request is issued to the CPU when the RXRDY bit and RXRDYE bit of the MSCI 

interrupt enable register 0 are both set to 1. A DMA request is issued to the on-chip DMAC when the 

RXRDY bit is set to 1. For details, see section 4.8.1 "Serial Data Transfer by the CPU and DMAC." 

• Asynchronous/Byte synchronQus/Bit synchronous mode 

RXRDY Function 

o Indicates that all receive data has been read from the receive buffer. 

1 Indicates that receive data remains in the receive buffer. 
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402010 MSCI Status Register 1 (MSTl) 

This register is used to specify information such as the start/stop break sequence in the asynchronous 

mode, underrun errors and the SYN pattem in the byte synchronous mode, underrun errors, flags, 

aborts, the start of GA patterns and idle sequences in the bit synchronous mode, transmitter idle status, 
and crSM and DCDM input level changes. 

The bits of MSTl are reset under the following conditions: 

• Bits 7, 4, 3. 2, 1 and 0 are reset by writing 1 to them. 

• A TX reset command resets bits 7, 6, and 3. 

• An RX reset command resets bits 4, 2, 1, and O. 

• A channel reset command or the system stop mode resets all bits. 

The IDL bit is cleared by writing data to the transmit buffer. 

When any bit is set in this register. a CPU interrupt is generated (if enabled). 

7 

Async _*1 

Byte Sync UDRII 

HOLe 
Loop 

ResdIWrite R/W 

Initial Value 0 

I 
I 

1.I1lS111I!.!D Em 
• BytetBit synchronous 

mode 
0: No undarrun detected 
1: Underrun datacted 

6 5 4 3 2 o 
10L _01 _01 ccrs coco BRKO BRKE 

SYNCD 

A.GO 

R R/W 

0 0 0 
I 

I 
Sni eilUlm DItIlQllQO 
o Byte synchronous mode 
0: No pattern detected 
1: Pattemdetacted 

Flag Oet80110n 
o Bit synchronous mode 
0: No flag det801ed 
1: Flag detected 

_01 _01 

ABTDI 10LO 

GAPo02 

R/W R/W 

0 0 

I 
DCDM Line 
Level Change 
0: Not changed 
1: Changed 

R/W 

0 

R/W 

o 

Break End 
o Asynchronous mode 
0: Break sequence end not det801ed 
1: Break sequence end det801ed 

Idle Start Detection 
• Bit synchronoua mode 

Transmitter Idle status 
0: Notidle 

CTsM Line Level 
Change 
0: Not changed 
1: Changed 

0: Idle sequence start not det8C1ad 
1: Idle sequence start det801ed 

Break Detection 1: Idle 

01 Reserved. These bita always read O. These bits may be sat to 0 or 1. 
02 ThIs bit can be accessed only In bit synchronous loop mode. 

o Asynchronous mode 
0: Break sequence starts not detec1ed 
1: Break sequence starts detected 

Abort DetectionlGA Pattern Detection 
o Bit synchronous mode 
0: Abort sequence starVGA pattem start 

not d81801ed 
1: Abort sequence starVGA pattem start 

d8l8C1ed 
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Bit 7: UDRN (Underrun error) 

This bit indicates an underrun error in byte and bit synchronous modes. (In the asynchronous mode, 

underrun errors do not occur.) This bit is cleared by writing 1 to this bit position. 

• Asynchronous mode 

Reserved. This bit always reads 0 and can be set to 0 or 1. 

• Byte/Bit synchronous mode 

UDRN Function 

o Indicates that an underrun error has not occurred. 
1 Indicates that an underrun error has occurred. 

Bit 6: IDL (Transmitter idle status) 

This bit indicates whether or not the MSCI transmitter is in the idle state. This bit is cleared by writing 

the transmit data to the transmit buffer. 

• Asynchronous/Byte synchronous/Bit synchronous mode 

IDL Function 

o Indicates that the transmitter is not in the idle state. 

1 Indicates that the transmitter is in the idle state. 

Bit 5: Reserved. This bit always reads 0 and can be set to 0 or 1. 

Bit 4: SYNCD/FLGD (SYN pattern detection/flag detection) 

This bit indicates whether or not synchronization has been established in byte or bit synchronous 

mode. This bit is cleared by writing 1 to this bit position . 

• Asynchronous mode 

Reserved. This bit always reads 1 and can be set to 0 or 1. 

146 HITACHI 



• Byte synchronous mode 

SYNCD Function 

o Indicates that synchronization has not been established. 

1 Indicates that synchronization has been established (SYN pattern detection in mono­

sync or bi-sync mode; or by the SYNC line in the external synchronous mode). 

• Bit synchronous mode 

FLGD Function 

o Indicates that synchronization has not been established. 

1 Indicates that synchronization has been established (flag pattern detection). 

Bit 3: CCTS (CTSM line level change) 

This bit indicates whether or not the crSM line level has changed. This bit is cleared by writing 1 to 

this bit position. 

• Asynchronous/Byte synchronous/Bit synchronous mode 

CCTS Function 

o Indicates that the CTSM line level has not changed. 

1 Indicates that the crSM line level has changed. 

Bit 2: CDCD (DCDM line level change) 

This bit indicates whether or not the DCDM line level has changed. This bit is cleared by writing 1 to 

this bit position . 

• AsynchronouslByte synchronous/Bit synchronous mode 

CDCD Function 

o Indicates that the DCDM line input level has not changed. 

1 Indicates that the DCDM line input level has changed. 
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Bit 1: BRKD/ABTD/GAPD 

(Break detection/abort detection/GA pattern detection) 

This bit signals the start of a break sequence (a space state) in the asynchronous mode, the detection of 

an abort in the bit synchronous HDLC mode, and the detection of a GA pattern in the bit synchronous 

loop mode. This bit is cleared by writing 1 to this bit position. 

• Asynchronous mode 

BRKD Function 

o Indicates that the start of a break has not been detected. 

1 Indicates that the start of a break has been detected. 

• Byte synchronous mode 

Reserved. This bit always reads 0 and can be set to 0 or 1. 

• Bit synchronous mode 

ABTD/ 

GAPD 

o 
1 

Function 

Indicates that neither an abort nor a GA pattern have been detected. 

Indicates that an abort has been detected in the bit synchronous HDLC mode or 

that a GA pattern has been detected in the bit synchronous loop mode. 

Bit 0: BRKEIIDLD (Break end/idle start detection) 

This bit signals the end of a break in the asynchronous mode and the start of an idle state in the bit syn­

chronous mode. The bit is cleared by writing 1 to this bit position. 

• Asynchronous mode 

BRKE Function 

o Indicates that the end of a break has not been detected. 

1 Indicates that the end of a break has been detected. 
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• Byte synchronous mode 

Reserved. This bit always reads 0 and can be set to 0 or 1. 

• Bit synchronous mode 

IDLD Function 

o Indicates that the start of an idle state has not been detected. 
1 Indicates that the start of an idle state has been detected. 

4.2.11 MSCI Status Register 2 (MST1) 

This register is used to indicate status information such as parity/MP bit value, parity. error detection 
and framing error detection in the asynchronous mode, eRe error detection in the byte synchronous 
mode, the detection of a receive frame end. short frame. abort stop frame. residue bit frame, and CRe 
error in the bit synchronous mode, as well as overrun errors. 

This register is at the top of the 3-stage status FIFO that corresponds to the receive buffer (see figure 
4-2). Once a bit is set, it will not be reset by a status FIfO change. For the CRCE bit clear conditions. 
see Bit 2: CRCE in this section. The PMP bit is updated when the next receive character is ready to be 

read. 

The bits in MST2 are reset under the following conditions: 

• When 1 is written to a bit position, the bit is reset 

• An RX or channel reset command resets all bits 
• All bits are reset in the system stop mode 
• All bits in this register are reset when data is transferred to the MSCI frame status register (MFST) 

(See section 4.2.13 "MSCI Frame Status Register.") 

When any bit in this register is set. an interrupt is gencfII,ted to the CPU (if enabled). 
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7 6 5 4 3 2 o 
Async -* PMP PE FRME OVAN -* - * - * 

Byte Sync 

BlI Sync EOM 

ReadlWrlte RIW 

Initial Value 0 

~ 
End of Receive Frame 
• Bit synchronous mode 
0: Receive frame end 

not detected 
t: End of receive frame 

detected 

ParitylMP Bit 

* -
SHRT 

RIW 

o 

• Asynchronous mode 
0: Parity or MP bit ''0. 
1: ParitY or MP bit "I" 

Short Frame 
• Bit synchronous mode 
0: Normal end of frame 
1: Short frame detected 

* -
ABT 

RIw 

o 

* -
RBIT 

RIW 

o 
L, 

RIW 

o 

Framing Error 

CRCE 

RIW 

o 
I 

• Asynchronous mode 
0: No framing error 

detected 
1: Framing error 

detected 

o o 

CRCError 
• BytelBit synchronous mode 
0: No CRC error detected 
1: CRC error detected 

OVerrun Error 

Residue Bit Frame 
• Bit synchronous 

mode 
0: Normal end of 

frame 

0: No overrun error detected 
1: OVerrun error detected 

1: Frame with residue bits 
detected 

Parity Error 
• Asynchronous mode 
0: No parity error detected 
1: Parity error detected 

Abort End Frame 
• Bit synchronous mode 
0: Normal end of frame 
1: Frame with abort end detected 

* Reserved. These bits always read 0 and osn be set to 0 or 1. 

Bit 7: EOM (End of receive frame) 

This bit signals the end of a receive frame in the bit synchronous mode. The bit is cleared by writing 1 

to this bit position . 

• Asynchronous/Byte synchronous mode 

Reserved. This bit always reads 0 and can be set to 0 or 1. 

• Bit synchronous mode 

This bit signals the end of the receive frame. When the CRCCC bit in the MSCI mode register 0 

(MMDO) is 1, the EOM bit is set to 1 by the last character in the I field of the receive frame. When the 

CRCCC bit in MMDO is 0, the EOM bit is set to 1 by the last character of PCS. Also, when the 

receive frame end status indicates either a short frame, residue bit frame or abort, the EOM bit is set. 
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EOM Function 

o Indicates that the receive frame has not ended. 

1 Indicates that the receive frame has ended. 

Bit 6: PMP/SHRT (ParitylMP bit/short frame) 

This bit is used to select paritylMP bit value in asynchronous mode, and short frame detection in bit 

synchronous mode. This bit is cleared by writing 1 to this bit position. 

• Asynchronous mode 

This bit indicates the status of the parity bit, MP bit or receive character MSB under the following con­

ditions: 

Parity bit status: When MMDO register PMPMI-0 = 10 or 11 

MP bit status: When PMPMI-O = 01 

Receive character MSB status: When PMPMI-0 = 00 

The PMP bit is updated when the next receive character is available to be read. 

PMP Function 

o The parity bit, MP bit or receive character MSB is O. 

1 The parity bit, MP bit or receive character MSB is 1. 

• Byte synchronous mode 

Reserved. This bit always reads 0 and can be set to 0 or 1. 

• Bit synchronous mode 

The SHRT bit indicates a short frame detection under the following conditions: 

While the CRCCC bit of the MMDO register is I, this bit is set to 1 corresponding to the last character 

in the I field when the receive frame is short and a part of the data is sent to the receive buffer. While 

the CRCCC bit is 0, this bit is set to 1 by the last character of FCS. 

However, even if a short frame is detected, this bit is not set until data is sent to the receive buffer. 
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When the SHRT bit is set, the EOM bit is also set. 

SHRT 

o 
1 

Function 

Indicates that a short frame has not been detected. 

Indicates that a short frame has been detected and that data has been sent to the 

receive buffer. 

For details, see "Short frame detection" in section 4.3.3 "Bit Synchronous Mode." 

Bit 5: PE/ABT (Parity error/abort end frame) 

This bit indicates detection of a parity error in the asynchronous mode or an abort end frame in the bit 

synchronous mode. 

This bit is cleared by writing 1 to this bit position. 

• Asynchronous mode 

PE Function 

o Indicates no parity error 

1 Indicates a parity error 

Once this bit is set, it can be cleared to 0 by resetting the receiver or by writing 1 to this bit position . 

• Byte synchronous mode 

Reserved. This bit always reads 0 and can be set to 0 or 1. 

• Bit synchronous mode 

The ABT bit indicates the abort end frcune detection. 

This bit is set by the character preceding the abort sequence when the receive frame ends with an abort. 

When this bit is set, the EOM bit is also set. See "Supplementary Explanation" below. 

ABT Function 

o Indicates that an abort end frame has not been detected. 

1 Indicates that the receive frame has ended with an abort sequence. 
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Bit 4: FRMEIRBIT (Framing error/residue bit frame) 

This bit indicates the framing error status in the asynchronous mode, and the presence or absence of 

residue bits in the bit synchronous mode. This bit is cleared by writing 1 to this bit position. 

• Asynchronous mode 

FRME Function 

o Indicates no framing error. 

1 Indicates a framing error. 

Once this bit is set, it can be cleared to 0 by resetting the receiver or by writing 1 to this bit position. 

• Byte synchronous mode 

Reserved. This bit always reads 0 and can be set to 0 or 1. 

• Bit synchronous mode 

The RBIT bit indicates residue bit frame detection. 

When the CRCCC bit of the MMDO register is set to I, this bit is set to 1 by the residue bit of the last 

character in the receive frame I field. When the CRCCC bit of the MMDO is 0, the RBIT bit is set to 1 

by the residue bit of the last character of PCS. 

When this bit is set, the EOM bit is also set. See "Supplementary Explanation" below. 

RBIT Function 

o Indicates a residue bit frame has not been detected. 

1 Indicates a residue bit frame has been detected. 

Bit 3: OVRN (Overrun error) 

This bit indicates the overrun generated. This bit is cleared by writing 1 to this bit position. In the 

asynchronous and byte synchronous modes this bit is not cleared until 1 is written to the bit position or 

the receiver is reset. In the bit synchronous mode, all of the bits of this register are reset when the sta­

tus data is loaded to the MSCI frame status register (MFST). 
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• Asynchronous/BytelBit synchronous modes 

OVRN Function 

o Indicates that no overrun has occurred. 

1 Indicates that an overrun has occurred. 

Bit 2: CRCE (CRC error) 

This bit indicates a CRC error in the bytelbit synchronous mode . 

• Asynchronous rhode 

Reserved. This bit always reads 0 and can be set to 0 or 1. 

• BytelBit synchronous mode 

This bit indicates a CRC error. When the CRCCC bit ofMMDO is 1, this bit is set when a CRC error 

occurs. 

When the CRCCC bit is 0, this bit is not set. 

This bit is cleared to 0 when 1 is written to this bit position or when the CRC calculation result is nor­

mal. The CRCE bit is the only bit in MST2 which changes as a result of changes in the status FIFO. 

For the timing of this bit, see "Error Checking CRC errors" in sections 4.3.2 "Byte Synchronous 

Mode" and 4.3.3 "Bit Synchronous Mode." 

CRCE Function 

o Indicates that a CRC error has not occurred. 

Indicates that a CRC error has occurred. 

Bits 1·0: Reserved. These bits always read 0 and can be set to 0 or 1. 
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Supplementary explanation 

• Operation when receiving a residue bit frame 

Figure 4-5 shows how a residue bit frame is received. The residue bit frame data is transferred from 

the receive shift register to the receive buffer, and the residue bit frame status is set in the status FIFO. 

Flag (8) 

Receive buffer 

Empty 

Data 1 (8) 

Data 2 (8) 

Receive shift register 

FCS2 (8) FCS1 (8) 

MSB LSB 
Receive buffer Status FIFO 

Data 1 (8) • 

Data 2 (8) 

~:~~~(~)l i EOM=1 

RBIT=1 

Figure 4·5. Residue Bit Frame Reception Operation 

<D Residue bit data is transferred from the receive shift register to the receive buffer. At this time, all 

other data is undefmed. 

@ The EOM and RBIT hits of the status FIFO are set to 1. 

@ If enabled, an interrupt is generated when the residue bit data becomes available to be read. 

However, because receive status is normally read from the MSCI frame status register (MFST) in 

the bit synchronous mode, the residue bit interrupt should be disabled. 
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• Abort end frame reception operation 

Figure 4-6 shows the operation when receiVing an abort end frameo Abort end frame data is transferred 

from the receive shift register to the receive buffer and the abort end frame status is set in the status 

FIFO. 

Receive buffer 

Empty 

Data 1 (8) 

Data 2 (8) 

t 
Receive shift register 

Receive buffer Status FIFO 

Data 1 (8) 

Data 2 (8) 

~~t~;(~) l f EOM=1 

ABT=1 

'\~~I ___ ~ __ rt_(_8) __ ~ ___ Dat_a_5_(_8) __ ~1 ___ Da_ta_4_(_~ __ ~ __ D_at_a_3_(6_) __ ~ 

Figure 4-6. Abort End Frame Reception Operation 

<D Part of the aborted data (data 3 in figure 4-6) is transferred from the receive shift register to the 

receive buffer. The bits other than this data are undefined. 

@ The EOM and ABT bits of the status FIFO are set to 1. 

® An interrupt is generated (if enabled) when the last data in the frame becomes available to be read. 

However, because receive status is normally read from the MSCI frame status register (MFST) in 

the bit synchronous mode, the abort end frame interrupt should be disabled. 

• Checking receive error 

The receive error status is set in MSTI. The occurrence of receive errors can be determined by reading 

this register as follows: 

INO A, (23H) 

ANDMSK } If the Z flag is 1 after executing the AND instruction, no 

error has occurred. If the Z flag is 0, it indicates an error. 

Where 23H is the low-order byte of the MST2 I/O address and the mask pattern (MSK) is 11111100. 
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4.2.12 MSCI Status Register 3 (MST3) 

This register indicates the MSCI data transmit status in the bit synchronous mode, whether or not the 

ADPLL is in the search mode in the byte and bit synchronous modes, the CTSM and DCDM line lev­

els, and MSCI transmitter/receiver status (enable or disable). The register is a read-only register. 

The bits of the MST3 are reset under the following conditions: 

• A TX reset command resets bits 5, 3, and 1 

• An RX reset command resets bits 2 and 0 

• Hardware or a channel reset conimand resets all bits of the register 

• All bits of the register are reset in system stop mode 

The bits in this register do not generate interrupts. 

7 6 5 4 3 

Async -"1 -"1 -"1 -"1 CTS 

Byte Sync SRCH 

Bit Sync SLOOP 

ReadlWrite R R R 

Initial Value 0 0 0 0 X'2 

I I 
Sending on Loog CTSM In!!!!! Line Status 
• Bit synchronous mode 0: CTSM low level 
0: Transmits no MSCI data 
1: Transmits MSCI data 1: CTSM high level 

Search Mode 
• Byte/Bits synchronous mode 
0: ADPLL normal mode 
1: ADPLL search mode 

2 

DCD 

R 

X·2 

o 
lXENBL RXENBL 

R R 

0 0 

I 
lXEnable 
0: Disable 
1: Enable 

RXEnable 
0: Disable 
1: Enable 

Dci5M Input Line Status 

0: DCDM low level 

'1 Reserved. These bits always read O. 
·2 X: Undefined 

1: DCDM high level 
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Bits 7-6: Reserved. These bits always read O. 

Bit 5: SLOOP (Sending on loop) 

This bit indicates MSCI data transmission in the bit synchronous mode. It is cleared to 0 when the 
MSCI is not transmitting data. The bit is read-only, and writing to it has no effect. 

• Asynchronous!Byte synchronous mode 

Reserved. This bit always reads O. 

• Bit synchronous mode 

SLOOP Function 

o The MSCI is not transmitting data. 

1 The MSCI is transmitting data. 

Bit 4: SRCH (Search mode) 

This bit indicates whether or not the ADPLL is in the search mode. This bit is valid for transmission 

using PM coding in the byte or bit synchronous mode. This is a read-only bit and writing to it has no 

effect. It is set by an enter search mode command and cleared to 0 when the ADPLL detects a level 

change in the receive data. 

• Asynchronous mode 

Reserved. This J>it always reads O. 

• BytelBit synchronous mode 

SRCH Function 

o The ADPLL is not in the search mode. 

1 The ADPLL is in the search mode. 

Bit 3: CTS (CTSM input line status) 

This bit indicates the CTSM line leve1. This is a read-only bit, and writing to it has no effect. 
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• AsynchronouslByte synchronouslBit synchronous mode 

Function 

o The crSM input line is low. 

1 The crSM input line is high. 

Bit 2: DCD (DCDM input line status) 

This bit indicates the DCDM line level. This bit is read only, and writing to it has no effect. 

• AsynchronouslByte synchronouslBit synchronous mode 

DCD Function 

o The DCDM input line is low. 

1 The DCDM input line is high. 

Bit 1: TXENBL (TX enable) 

This bit indicates whether or not the transmitter is in the enable or disable state. Transmit enable/dis­

able selection is performed by command. This bit is read only, and writing to it has no effect. 

• Asynchronous/Byte synchronouslBit synchronous mode 

TXENBL Function 

o The transmitter is disabled. 

1 The transmitter. is enabled. 

Bit 0: RXENBL (RX enable) 

This bit indicates whether or not the MSCI receiver is in the enable or disable state. Receive 

enable/disable selection is performed by command. This bit is read only, and writing to it has no 

effect. 

RXENBL Function 

o The receiver is disabled. 

1 The receiver is enabled. 
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4.2.13 MSCI Frame Status Register (MFST) 

This register stores the status of the last frame received in the bit synchronous mode. 

The bits in the MSCI frame status register are reset under the following conditions: 

e When a 1 is written to a particular bit positibn, that bit is reset. 

e An RX or channel reset command resets all bits of the register. 
e. All bits of the register are reSet when the system stop mode is entered. 

When the EOMP bit is set, a CPU interrupt is generated (if enabled). The other bits do not generate 
interrupts. 

7 6 5 4 3 2 

Async 
_. -. -. -. -. -. 

Byte Sync . 
Bit Sync EOMF SHAlF ABTF RBITF OVRNF CACEF 

ReadlWrite 

Initial Value 

ANI RIW RIW RIW ANI ANI 

o o o o o o 

Frame status at rllceive completion 

• Reserved. These bits always read 0 and can be set to 0 or 1. 

o _ . -. 

o o 

When data with EOM bit = 1 (last character of the frame) is read from the receive buffer, bits 7-2 of 
the MST2 associated with the character are set. Then, all of the bits in MST2 are cleared. See figure 

4-7. 
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ctl 
Data read I 

~I Status set I 

EOM 

MTRB 1 i MST2 I 1 IMFST 
--

Receive 
- ------' -

t- buffer - - Status -FIFO 

MTRB: MSCI TX/RX buffer register 

MST2: MSCI status register 2 

MFST: MSCI frame status register 

Figure 4·7. MSCI Frame Status Register 

A frame end interrupt will occur when status data is read into the MFST. After this interrupt has 

occurred, the status of the received frame can be read from the MFST register. 

This method is used for CPU data transfer. In this case, residue bit frame interrupts, abort end frame 

interrupts, and CRC error interrupts must be disabled. 
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4.2.14 MSCI Interrupt Enable Register 0 (MIEO) 

This register enables or disables interrupts TXINT, RXINT, TXRDY and RXRDY. Interrupt requests 

are issued to the CPU when both the MSTO register bits and the corresponding bits in this register are 

set. For details on interrupts, see section 4.7 "Internal Interrupts." 

7 6 

Async TXINTE RXINTE 

Byte Sync 

Bit Sync 

ReadlWrite RIW RIW 

Initial Value 0 o 

~ 
TXINT Interrupt 
Enable 
0: Disable 
1: Enable 

RXINT Interrupt 
Enable 
0: Disable 
1: Enable 

5 4 3 . . . - - -

o o o 

• Reserved. These bits always read 0 and should be set to o. 

2 o 
-. TXRDYE RXRDYE 

RIW RIW 

o 0 o 

~ 
TXRDY Interrupt 
Enable 
0: Disable 
1: Enable 

RXRDY Interrupt 
Enable 
O:'1>iSable 
1: Enable 

Bit 7: TXINTE (TXINT interrupt enable) 

• Asynchronous!Byte synchronous!Bit synchronous mode 

TXINTE 

o 
1 

Function 

Disables interrupts set by the TXINT bit in MSTO. 

Enables interrupts set by the TXINT bit in MSTO; a TXINT interrupt request is issued 

to the CPU when the TXINT bit in MSTO is set to 1. 

Bit 6: RXINTE (RXINT interrupt enable) 

• Asynchronous!Byte synchronous!Bit synchronous mode 

RXINTE 

o 
1 
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Function 

Disables interrupts set by the RXINT bit in MSTO. 

Enables interrupts set by the RXINT bit in MSTO; an RXINT interrupt request is 

issued to the CPU when the RXINT bit in MSTO is set to 1. 



Bits 5-2: Reserved. These bits always read 0 and should be set to O. 

Bit 1: TXRDYE (TXRDY interrupt enable) 

• Asynchronous!Byte synchronous/Bit synchronous mode 

TXRDYE Function 

o Disables interrupts set by the TXRDY bit in MSTO. 

1 Enables interrupts set by the TXRDY bit in MSTO; a TXRDY interrupt request is 

issued to the CPU when the TXRDY bit in MSTO is set to 1. 

Bit 0: RXRDYE (RXRDY interrupt enable) 

• Asynchronous!Byte synchronous/Bit synchronous mode 

RXRDYE Function 

o Disables interrupts set by the RXRDY bit in MSTO. 

1 Enables interrupts set by the RXRDY bit in MSTO; an RXRDY interrupt request is 

issued to CPU when the RXRDY bit in MSTO is set to 1. 

Figure 4-8 shows the relationship between the interrupt enable bit and status bit. 

Status bit =0-
Interrupt enable bit 

Interrupt request 

Figure 4-8. Interrupt Conditions 

An interrupt request is issued only when both the status bit and the interrupt enable bit are 1. This 

same rule is applicable to MSCI interrupt enable registers 0-2 (MIEO-2), the MSCI frame interrupt 

enable register (MFIE), MSCI status registers 0-2 (MST0-2), and the MSCI frame status register 

(MFST). 
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4.2.15 MSCI Interrupt Enable Register 1 (Mml) 

This register specifies enable/disable of intenupts when the status bits in MSCI status register 1 

(MSTl) are set. For details on intenupts, see section 4.7 "Internal Intenupts." 

7 6 5 4 3 2 o 
Async -' -' BRKDE BRKEE 

Byte Sync SYNCDE -' -' 
IDLE -' CCTSE COCOE 

HJl.O UDRNE 

FLGDE 
ABTDE! 

IDLDE 
Loop GAPDE 

ReadJWrlte ANI ANI ANI ANI ANI ANI ANI 

Initial Value 0 0 0 0 0 o 0 0 

I ~ ~ 
IDL Interrue! Enable COTS Interrue! Enable BRKD Interrupt Enable 

• Asynchronous mode 
0: Disable 

0: Disable 0: Disable 
1: Enable 1: Enable 

UDRN Interrupt Enable 

• ByteJBit synchronous mode 

0: Disable 
1: Enable 

SYNOD Interrue! Enable 

• Byte synchronous mode 
0: Disable 
1: Enable 

FLGD Interrupt Enable 

• Bit synchronous mode 
0: Disable 
1: Enable 

• Reserved. These bits always read 0 and should be set to O. 

Bit 7: UDRNE (UDRN interrupt enable) 

• Asynchronous mode 

Reserved. This bit always reads 0 and should be set to O. 
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1: Enable 

ABTD/GAPD Interrue! 
Enable 

• Bit synchronous mode 
0: Disable 
1: Enable 

COCO Interrue! Enable 

0: Disable 

BRKE Interrue! Enable 

• Asynchronous mode 
0: Disable 1: Enable 
1: Enable 

IDLD Interrue! Enable 

• Bit synchronous mode 
0: Disable 
1: Enable 



• BytelBit synchronous mode 

UDRNE Function 

o I Disables interrupts set by the UDRN bit in MST1. 

1 Enables interrupts set by the UDRN bit in MST1. (The TXINT bit in MSTO is set 

when the UDRN and UDRNE bits are both 1.) 

Bit 6: IDLE (IDL interrupt enable) 

• AsynchronouslByte synchronouslBit synchronous mode 

IDLE Function 

o Disables interrupts set by the IDL bit in MST1. 

1 Enables interrupts set by the IDL bit in MST1. (The TXINT bit in MSTO is set when 

the IDL and IDLE bits are both 1.) 

Bit 5: Reserved. This bit always reads 0 and should be set to O. 

Bit 4: SYNCDEIFLGDE (SYNCDIFLGD interrupt enable) 

• Asynchronous mode 

Reserved. This bit always reads 0 and should be set to O. 

• BytelBit synchronous mode 

SYNCDE 
IFLGDE 

o 
Function 

Disables interrupts set by the SYNCD/FLGD bit in MST1. 

1 Enables interrupts set by the SYNCD/FLGD bit in MST1. (The RXINT bit in MSTO 

is set when the SYNCD/FLGD and SYNCDE/FLGDE bits are both 1.) 
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Bit 3: CCTSE (CCTS interrupt enable) 

• Asynchronous/Byte synchronous/Bit synchronous mode 

CCTSE 

o 
1 

FunctiolJ 
Disables interrupts set by the ccrs bit in MST1. 
Enables interrupts set by the CCTS bit in MST!. (The TXINT bit in MSTO is set 

when the CCTS and CcrSE bits are both 1.) 

Bit 2: CDCDE (CDCD int~rrupt enable) 

• Asynchronous/Byte synchronous/Bit synchronous mode 

CDCDE 

o 
1 

Function 

Disables interrupts set by the CDCO bit in MST1. 

Enables interrupts set by the CDCD bit in MST1. (The RXINT bit in MSTO is set 

when the cnCD and COCDE bits are both 1.) 

Bit 1: BRKDFJABTDFJGAPDE (BRKD/A~TD/GAP:p ipt~rrupt enable) 

• Asynchronous/Bit synchronous mode 

BRKDFJ 
ABTDEI 
GAPDE 
o 
1 
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Function 
Disables interrqpt~ set by the BlUID/ABTDIQAPD bit in MST1. 

Enables interrupts set by the BRKD/ABTD/GAPD bit in MST!. (The RXINT bit in 

MSTO is set when the BRKD/ABTD/GAPO and BRKDElABTDElGAPDE bits are 
both 1.) 



• Byte synchronous mode 

Reserved.. This bit always reads 0 and should be set to O. 

Bit 0: BRKEElIDLDE (BRKElIDLD interrupt enable) 

• Asynchronous/Bit synchronous mode 

BRKEE 
/IDLDE 

o 
Function 

Disables interrupts set by the BRKFJIDLD bit in MSTI. 

1 Enables interrupts set by the BRKFJIDLD bit in MSTI. (The RXINT bit in MSTO is 

set when the BRKFJIDLD and BRKEE/IDLDE bits are both 1.) 

• Byte synchronous mode 

Reserved.. This bit always reads 0 and should be set to O. 

) 

/ 
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4.2.16 MSCI Interrupt Enable Register 2 (MIE2) 

This register specifies enable/disable of interrupts when the status bits in MSCI status register 2 
(MST2) are set. For details on interrupts, see section 4.7 "Internal Interrupts." 

7 6 

Async PMPE 
-' 

Byte Sync -. 
Bit Sync EOME SHRTE 

ReadJWrite FWI FWI 

Initial Value o o 

EOM Interrupt Enable 

• Bit synchronous mode 
0: Disable 
1: Enable 

PMP Interrupt Enable 

• Asynchronous mode 
0: Disable 
1: Enable 

SHRT Interrupt Enable 

• Bit synchronous mode 
0: Disable 
1: Enable 

5 4 3 2 o 

PEE FAMEE -. 
-. -. OVRNE -. -. 

CRCEE 
ABTE RBITE 

FWI FWI 

o o o o o o 

CRCE Interrupt Enable 

• Bytelbit synchronous mode 
0: Disable 
1: Enable 

OVRN Interrupt Enable 

0: Disable 
1: Enable 

'------- FRME Interrupt Enable 

PE Interrupt Enable 

• Asynchronous mode 
0: Disable 
1: Enable 

,ABT Interrupt Enable 

• Bit synchronous mode 
0: Disable 
1: Enable 

• Asynchronous mode 
0: Disable 
1: Enable 

RBIT Interrupt Enable 

• Bit synchronous mode 
0: Disable 
1: Enable 

• Reserved. These bits always read 0 and should be set to O. 

Bit 7: EOME (EOM interrupt enable) 

• Asynchronous!Byte synchronous mode 

Reserved. This bit always reads 0 and should be set to O. 
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• Bit synchronous mode 

EOME Function 

o Disables interrupts set by the EOM bit in MST2. 

1 Enables interrupts set by the EOM bit in MST2. (The RXINT bit in MSTO is set 

when the EOM and EOMB bits are both 1.) 

Bit 6: PMPEISHRTE (PMP/SHRT interrupt enable) 

• Asynchronous/Bit synchronous mode 

PMPEI 
SHRTE 

o 
Function 

Disables interrupts set by the PMP/SHRT bit in MST2. 

1 Enables interrupts set by the PMP/SHRT bit in MST2. (The RXINT bit in MSTO is 

set when the PMP/SHRT and PMPEISHRTE bits are both 1.) 

• Byte synchronous mode 

Reserved. This bit always reads 0 and should be set to O. 

Bit 5: PEE/ABTE (PE/ABT interrupt enable) 

• Asynchronous/Bit synchronous mode 

PEEl 
ABTE 

o 
Function 

Disables interrupts set by the PEIABT bit in MST2. 

1 Enables interrupts set by the PEIABT bit in MST2. (The RXINT bit in MSTO is set 

when the PE/ABT and PEEIABTE bits are both 1.) 

• Byte synchronous mode 

Reserved. This bit always reads 0 and should be set to O. 

HITACHI 169 



Bit 4: FRMEEIRBITE (FRMEIRBIT interrupt enable) 

• AsynchronouslBit synchronous mode 

FRMEEI 
RBITE 

o 
1 

Function 

Disables interrupts set by the FRME/RBIT bit in MST2. 

Enables interrupts set by the FRMFJRBIT bit in MST2. (The RXINT bit in MSTO is 

set when FRME/RBIT and FRMEE/RBITE bits are both 1.) 

• Byte synchronous mode 

Reserved. This bit always reads 0 and should be set to O. 

Bit 3: OVRNE (OVRN interrupt enable) 

• AsynchronousIByte synchronouslBit synchronous mode 

OVRNE 

o 
1 

Function 

Disables interrupts set by the OVRN bit in MST2. 

Enables interrupts set by the OVRN bit in MST2. (The RXINT bit in MSTO is set 

when the OVRN and OVRNE bits are both 1.) 

Bit 2: CRCEE (CRCE interrupt enable) 

• Asynchronous mode 

Reserved. This bit always reads 0 and should be set to O. 

• BytelBit synchronous mode 

CRCEE 

o 
1 

Function 

Disables interrupts set by the CRCE bit in MST2. 

Enables interrupts set by the CRCE bit in MST2. (The RXINT bit in MSTO is set 

when the CRCE and CRCEE bits are both 1.) 

Bits 1 and 0: Reserved. These bits always read 0 and should be set to O. 
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4.2.17 MSCI Frame Interrupt Enable Register (MFIE) 

This register specifies whether to enable or disable an interrupt when the EOMF bit in the MSCI frame 

status register (MFST) is set. 

7 6 

Async 
" -

Byte Sync -" 

Bit Sync EOMFE 

ReadlWrile RIW 

Initial Value o o 

I 
EOMF Interrupt Enable 

• Bit synchronous mode 
0: Disable 
1: Enable 

5 

" -

o 

" Reserved. These bits always read 0 and should be sello O. 

Bit 7: EOMFE (EOMF interrupt enable) 

• Asynchronous!Byte synchronous mode 

4 

" -

o 

Reserved. This bit always reads 0 and should be set to O. 

• Bit synchronous mode 

EOMFE Function 

3 

" -

o 

o Disables interrupts set by the EOMF bit in MFST. 

2 o 

-" -" -" 

o o o 

1 Enables interrupts set by the EOMF bit in MFST. (The RXINT bit in MSTO is set 

when the EOMF and EOMFE bits are both 1.) 

Bits 6·0: Reserved. These bits always read 0 and should be set to O. 
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4.2.18 MSCI Synchronous/Address Register 0 (MSAO) 

This register is used to specify the SYN character pattern for reception in the byte synchronous/mono­

sync mode, the low order byte of the SYN character pattern for transmission and reception in the byte 

synchronous/bi-sync mode, and a secondary station address in bit synchronous mode. This register is 

not used in the asynchronous or external byte synchronous mode. 

7 6 5 4 3 2 o 

Async' - - - - - - - -
Byte Sync 

SA07 SA06 SA05 SA04 SA03 SA02 SAOl SAOO 
Bit Sync 

ReadlWrite RIW RIW RIW RIW RIW RIW RIW RIW 

Initial Value 

SYN Pattern lor Reception/Address Field Check 

• Byte synchronous mode 

Mono-sync SYN pattern for reception 

Bi-sync, SYN pattern for transmission and reception (bits 7-0) 

External-sync Unused 

• Bit synchronous mode 

Address field not checked Unused 

HDLC Single address 1 Bits 7-0 of the secondary station address 
mode Single address 2 Unused 

Dual address Bits 7-0 of the secondary station address 

Address field not checked Unused 

Loop Single address 1 Bits 7-0 of the secondary station address 

mode 4-bit address Bits 7-4 of the secondary station address 

Dual address Bits 7-0 of the secondary station address 

• This register is not usad in the asynchronous mode. 
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Bits '·0: SA07·0 (Synchronous/Address) 

Asynchronous mode 

This register is not used in asynchronous mode. 

• Byte synchronous (mono· or bi-sync) mode 

Specifies bits 7-0 of the SYN character pattern for reception in the mono-sync mode, and the eight 

lower bits (bits 7-0) of the SYN character pattern for transmission and reception in the bi-sync mode. 

• Bit synchronous mode 

Sets the following values according to the address field check selection in the HDLC and loop modes. 

Mode Address Field Check Bits '·0 of MSAO 

HDLCmode Address field not checked Unused 

Single address 1 Bits 7-0 of the secondary station address 
Single address 2 Unused 
Dual address Bits 7-0 of the secondary station address 

Loop mode Address field not checked Unused 
Single address 1 Bits 7-0 of the secondary station address 
4-bit address Bits 7-4 of the secondary station address * 
Opal address Bits 7-0 of the secondary station address 

* Bits 3-0 of MSCI synchronous/address regisrer 0 are unused in the 4-bit address mode of the bit synchronous loop 

mode. 
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4.2.19 MSCI Synchronous/Address Register 1 (MSA1) 

This register is used to specify a SYN character pattern for transmission in the byte synchronous 

(mono-sync or external-sync) mode, a SYN character pattern for transmission and reception in the byte 

synchronous bi-sync mode, and a secondary station address in the bit synchronous mode. This register 

is not used in the asynchronous mode. 

7 

Async· -
Byte Sync 

SA17 
Bit Sync 

ReadlWrite RIW 

Initial Value 

• This register is not used in 
the asynchronous mode. 

6 5 4 3 2 o 

- - - - - - -

SA16 SA15 SA14 SA13 SA12 SA11 SA10 

RIW RIW RIW RIW RIW RIW RIW 

SYN Pattern for Transmission/Address Field Check 

• Byte synchronous mode 

Mono-sync SYN pattern for transmission 

Bi-sync SYN pattern for transmission and reception (bits 15-8) 

External-sync SYN pattern for transmission 

• Bit synchronous mode 

Address field not checked Unused 

HDlC Single address 1 Unused 
mode Single address 2 Bits 15-8 of the secondary station address 

Dual address Bits 15-8 of the secondary station address 

Address field not checked Unused 

Loop Single address 1 Unused 
mode 4-bit address Unused 

Dual address Bits 15-8 of the secondary station address 

Bits 7·0: SA17·0 (Synchronous/Address) 

• Asynchronous mode 

This register is not used in the asynchronous mode. 

• Byte synchronous mode 

Specifies bits 7-0 of the SYN character pattern for transmission in the byte synchronous (mono-sync or 

external-sync) mode, and the eight upper bits (bits 15-8) of the SYN character pattern in the byte syn­

chronous (bi-sync) mode. 
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• Bit synchronous mode 

Sets the following values according to the address field check selection in the HDLC and loop modes. 

Mode Address Field Check Bits 7·0 of MSAl 

HDLCmode Address field not checked Unused 

Single address 1 Unused 

Single address 2 Bits 15-8 of the secondary station address 

Dual address Bits 15-8 of the secondary ·station address 

Loop mode Address field not checked Unused 

Single address 1 Unused 

4-bit address Unused 

Dual address Bits 15-8 of the secondary station address 

4.2.20 MSCI Idle Pattern Register (MIDL) 

This register is used to specify the idle pattern output by the transmitter when it is in the idle state. 

7 6 5 4 3 2 o 
Async' - - - - - - - -
Byte Sync 

IOL7 IOL6 IDLS IOL4 IOL3 IOL2 IDL1 IOLO 
Bit Sync 

ReadlWrlte 

Initial Value 

• This register is not used in the asynchronous mode. Idle Pattern 

Bits 7·0: IDL 7·0 (Idle pattern) 

• Asynchronous mode 

This register is not used in the asynchronous mode. 

• Byte/Bit synchronous mode 

If the IDLC bit of MCI'L is 1, the idle pattern set in this register is output from the TXDM line during 

the idle state. When the IDLC bit is 0, the TXDM line is fixed at high level. 
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4.2.21 MSCI TX/RX Buffer Register (MTRB) 

This register is located at the top of the 3-stage transmit/receive buffer and is connected directly to the 

internal data bus. Although the transmit and receive MTRBs are physically different. this register can 

be accessed both to read receive data and to write transmit data. 

Async 

Byte Sync 

B~ Sync 

ReadlWr~e 

In~ial Value 

X: Undefined 

7 

TAB7 

RIW 

X 

6 

lRB6 

RIW 

X 

Bits '·0: TRB7·0 (TXlRX buffer) 

5 

lRB5 

RIW 

X 

4 

lRB4 

RIW 

X 

3 

1RB3 

RIW 

X 

2 

lRB2 

RIW 

X 

TAB1 

RIW 

X 

Value written to, or read from, the transmit/receive buffer 

• Asynchronous/Byte synchronous/Bit synchronous mode 

o 

lRBO 

RIW 

X 

A receive character in the receive buffer can be read by reading bits 7-0 of this register. These bit val­

ues are undefmed when the RXRDY bit in MSTO is cleared to O. 

A transmit character can be written to the transmit buffer by writing bits 7-0 of this register. If data is 

written to the TRB 7-0 bits while the TXRDY bit of the MSTO register is cleared to O. the write data 

and/or the data in the transmit buffer may be lost. 
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4.3 Operation 

4.3.1 Asynchronous Mode 

In the asynchronous mode, each character is synchronized by appending a start bit and stop bit(s) to the 

character before transmission. The transmission line is normally at high level (mark); a start bit, 

indicating the start of transmission, causes the line to go low (space). 

Figure 4-9 shows the character format for the asynchronous mode. In this mode data is transmitted and 

received in units of characters which may be from 5 to 8 bits in length. When the character length is 

from 5 to 7 bits, each received character is extended to 8 bits by padding the higher order bit positions 

with Os. 

Data transmission begins with a start bit. The start bit is followed by the data, beginning with the least 

significant bit (LSB), that is, bit O. The data may be optionally followed by a parity/MP bit. The data 

transmission ends with 1, 1.5, or 2 stop bits. 

The PRTCL2-0 bits of MSCI mode register 0 (MMDO) specify the asynchronous mode. The 

TXCHRI-0 and RXCHRI-0 bits ofMMDI specify the bit length of characters, the SlOPI-0 bits of 

MMDO specify the length of the stop bit, and the PMPMI-0 bits ofMMDI specify the parity/MP bit 

setting. In the asynchronous mode, the coding type is only NRZ type. (For details, see section 4.2.1 

"MSCI Mode Register 0" and section 4.2.2 "MSCI Mode Register 1." 

l Start bit 

f 1 bit + 

Do On 

5, 6, 7,or 8 bits 

Unit of data 

Idle status 
~~rltY/MP Stop bit(s) (mall<) 

+ o or 1 bit .-J L,1, 1.5, or 2 bits 
1 

Figure 4-9. Character Format for Asynchronous Mode 

The transmit and receive bit rates can be independently selected (see figure 4-10) from among input 

clock frequency ratios of: 1/1, 1/16, 1/32, or 1/64. Since data sampling occurs at the rising edge of 

the clock, bit synchronization is necessary when 1/1 is selected (see figure 4-11). 
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Extemalline 

N (TXCMlinel 1/1,1/16,1/32, or 1/64 
~ Transmitter 

I 
Baud rate I divider 

generator 
I 

Extemalline 
(RXCMline) ~ 1/1,1/16,1/32, or 1/64 

) Receiver 
divider 

Figure 4-10. Bit Rate Selection 

Receive data 

~L..----!.L Sa~ at tho ri."" "'go of tho ,.'" 

Receive clock 

Figure 4-11. Timing of Data Sampling (111 clock mode) 

The BRATEI-O bits in MMDI are used to specify the bit rate. 

The external clock or internal baud rate generator output can be program-selected to serve as the 

input/output clock. The ADPLL clock extraction function is not available in the asynchronous mode. 

The MSCI RX clock source register (MRXS) and MSCI TX clock source register (MTXS) are used to 

specify the clock. 

For details see section 4.2.5 "MSCI RX Clock Source Register" and section 4.2.6 "MSCI TX Clock 

Source Register." 

See section 4.6 "Baud Rate Generator" for details about the on-chip baud rate generator. 
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Transmission Operation: Figure 4-12 shows the state transition diagram for asynchronous mode 

transmission. 

• Transmit disable state 
The transmitter is placed in the transmit disable state by a hardware or a channel reset, transmit reset, 

or a transmit disable command. 

In this state, the TXDM line remains at mark and the TXRDY bit in MSCI status register 0 (MSTO) 

is cleared to O. 

• Idle state 

The transmitter enters the idle state from the transmit disable state after a transmit enable command. 

The idle state maintains the TXDM line at mark while waiting for transmit data to be written to the 

transmit buffer. Once the transmit data is written, the transmitter enters the start bit transmit state. 

• Start bit transmit state 
The TXDM line remains at space for one bit cycle and then enters the character transmit state. 

• Character transmit state 
The transmitter sends the character contained in the transmit buffer beginning with the LSB. 

• Parity/MP bit transmit state 
The transmitter sends a parity or MP bit as specified by the PMPM 1-0 bits of MMD 1. For details, 

see "Parity/MP Bit" below. 

• Stop bit transmit state 
The transmitter sends a stop bit as specified by the STOP 1-0 bits of MMDO, and then returns to the 

idle state. 

• Break transmit state 
The TXDM line remains at space. A break is transmitted when the BRK bit of the MSCI control 

register (MCI'L) is set to 1. The break transmit state is maintained until it is reset (the BRK bit is 

cleared). 

• Mark transmit for one bit cycle state 

The TXDM line remains at mark for one bit cycle after the break transmit state is reset. 
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"TX Disable" 
issued after transmit 

Break transmit 
specified in 
any state 

No data remains in 
transmit buffer after transmit 

bata in transmit buffer 

No parity/MP 
found after transm it 

Enclosed in double quotation marks (" "J is a command name. 

Figure 4·12. State Transition Diagram for Asynchronous Mode Transmission 

Transmission starts when a transmit character is written into the transmit buffer in the idle state. The 

transmit line output changes at the falling edge of the transmit clock. In figures 4-13 (a) and (b) the 

character length is 8 bits, parity is used, and the stop bit length is 1 bit. 

A stop bit length of I, 1.5, or 2 can be specified in the 1116, 1/32, or 1164 clock mode. In the 111 clock 

mode, only a stop bit length 1 or 2 is available. If 1.5 is specified in this case, stop bit length is 

specified 1 or 2. 
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Writing transmit character 
~ 

Idle state + 
Start bit 
transmit 

! 
+ 

Character transmit 

Stop bit 

Panty bit 
transmit 

transmit 1 Idle state 
.J, 

+ 
.J, 

+ + 
07 P Transmltda~L. __ ..L-_Do_..J.-_01_.1-_:~\-:...I.I_De_-L.. __ ..I..-_---I 

P: parity bit 

Figure 4·13. (a) Transmit Operation in 111 Clock Mode 

Transmit data ~bS-S" __ -L-_O":'O_--5::S--D_7 _L-_p_---5:~:;._---l1 Stop bit(s) 

Transmit clock LfLf1JlJillnJLrVillnJLrVL.rlrulrLrl 
1< ~ 
16,32, or 64 clock cycles 

Figure 4·13. (b) Transmit Operation in 1116,1132, or 1164 Clock Mode 

Receive Operation: Figure 4-14 shows the state transition diagram for asynchronous mode reception. 

• Receive disable state 

The receiver is placed in the receive disable state by a hardware or channel reset, receive reset, or 

receive disable command In this state, input from the RXDM line is ignored and no reception 

operation occurs. The contents of the receive shift register are lost, but the value of the receive 

buffer is not changed. 
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• Start bit search state 
The receiver enters the start bit search state from the receive disable state after an receive enable 

command. In this state the receiver samples the RXDM line at the rising edge of eachfCCCive clock 

cycle until a space is detected. 

• Start bit check state 
When the receiver detects a space in the start bit search state, it enters the start bit check state. After 

detecting a space, the receiver waits for half a bit cycle and samples the RXDM line again to verify 

that it remains at space. If the lin.e does not remain at space, the receiver returns to the start bit 

search state. If the line remains at space, the receiver enters the character assembly state. 

In the 1/1 clock mode, this state is skipped; the receiver enters the character assembly state directly. 

• Character assembly state 
The receiver samples the received data each bit cycle and assembles a character. Character 

assembling ends when the first stop bit is detected. 

• Half-bit cycle wait state 
If a framing error occurs after character assembling has completed, the receiver waits for half a bit 

cycle in order to skip the stop bit associated with the framing error. It then enters the start bit search 

state. 
For details about framing errors, see "Error Checking." 

, 

• Break end wait state 
If a break is detected after character assembling, the receiver enters the break end wait state. The 

RXDM line is sampled each clock cycle until it goes to mark. 
For details about a break, see "Break Transmission and Detection." 

• Break end check state 

When a mark is detected in the break end wait state, the receiver enters the break end check state. 
After detecting a mark, the receiver delays for half a bit cycle and again samples the RXDM line to 

verify that it remains at mark. If the line does not remain at mark, the receiver returns to the break 

end wait state. If the line remains at mark, the receiver enters the start bit search state. 

In the 1/1 clock mode, the break end check state is skipped and the receiver enters the start bit search 

.state directly. 
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Initialization by reset 
No space detected 

o 
"RX Enable" issued 

Space detected 

"RX Reset", "RX Disable" 
or "Channel Reset" issued 
in any slale NG (mark) 

No mark detected C 

OK (space) 

Break· detected 
after assembly 

Mark detected 
(Other than 1/1 clock mode) 

NG (space) 

OK 
(mark) 

Mark detected 
(1/1 clock mode) 

Enclosed in double quotation marks (" ") is a command name. 

Figure 4-14. State Transition Diagram for Asynchronous Mode Reception 

Figures 4-15 (a) and (b) show timing of sampling diagrams for receive data. 

In these examples, the character length is 8 bits, parity is used, and the stop bit length. is 1 bit. 
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Receive data 

SampHng i 

... • ........ 1 

t ~\~+J--~i--~I--~--~ 
Character aSSembly Stop bit check Start bit search 

-0 
Start bit detected P:parity bit 

Figure 4·15. (a) Receive Data Sampling Timing (111 Clock Mode) 

01 :: 07 P Reteive datal I----,,--....L-_Do..,.---.l-_,..---I-~li--...L....~_J...--:---I 

t S~ t 
) 

Sampling 11 1111 t t t t 11111 11 
••• uo 

V 
Character assembly Start bit ~earchj' 1 '--.... _--.. ( Start bit search 

Start bit check 

Stop bit check 
Space detected 

Figure 4·15. (b) Receive Data Sampling Timing 
(1116, 1132, or 1164 Clock Mode) 

The receive operation starts when a receive enable command is issued. 

In the 1/1 clock mode. the receiver searches for a start bit at the rising edge of each clock. If a space is 
detected. character assembling begins at the next clock rising edge. 

Character assembling involves assembling a character by loading the bit sampled in each clock cycle 

into a receiver shift register. as shown in figure 4-16. 
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Data of the received character length, specified by the RXCHRI-O bits ofMMDl, is transferred to the 

receiver shift register, and then the parityIMP bit is sampled (if it exists). In the next clock cycle, the 

stop bit is sampled to complete the character assembly process. At this time, the receiver shift register 

value is loaded into the receive buffer. 

One clock cycle after the completion of the character assembly process, the receiver resumes scanning 

for a start bit. 

Receive data -------,~ 7-bit length 
8-bit length j 6-blt length 

o 5-bit length 
I Shift direction 

Receiver shift register ,--- Sampling clock 
~~-~~~-r~~-~~ 

7 o 
Receive buffer 

Figure 4-16. Character Assembly in the Receiver Shift Register 

In the 1/16, 1/32, or 1/64 clock mode, start bit scanning involves sampling the input line at each clock 

rising edge. If a space is detected, the line level is checked again after a delay of half a bit cycle. If the 

line is still at space, character assembly will start after a delay of one bit cycle. If the transmission line 

is at mark, start bit scanning resumes because the previously detected space is assumed to have resulted 

from noise (see figures 4-17 (a) and (b». 
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Receive data 

t- Character 
I assembly 

I 
SampHng timing 1H1+t'H1"~1~~+ 

~~~~~-+-----------
~,.------J 

Start bit search 
~ Start bit check (space detected) 

Space detected 

Figure 4·17. (a) Start Bit Sampling (normal start bit is detected) 

Receive data Wi 
: ! 

Sampling timing ttTtttTTttttt +1tt11tt1111 

[
~ 
Start bit search 

Start bit check (mark detected) 

~ 

Start bit search 

Space detected 

Figure 4·17. (b) Start Bit Sampling (false start bit (noise) is detected) 

In the character assembly process, data is sampled every other bit cycle. When the most significant bit 
(MSB) or the parity bit (if present) has been detected, the stop bit is checked after a delay of one bit 

cycle. If at this time the RXDM line is at mark (normal), start bit scanning resumes immediately. If 

the line is at space (framing error), start bit scanning resumes after a delay of half a bit cycle. 
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In the 1/16, 1/32, or 1/64 clock mode, the noise suppressor function operates for the sampling of the 

start, parity, and stop bits, and character. 

The noise suppressor function operates by applying majority rule to the current value and the two 

previously clocked values (see figure 4-18). 

Start bit search Start bit detected 
<;-------- D Start bit check 

D 
Receive clock 

Receive pin 

Sampling data 

Figure 4·18. Noise Suppressor Function 

In the asynchronous mode, the receivable character length is from 8 to 5 bits. The RXCHRI-0 bits in 

MMD 1 are used to specify the character length. 

Figure 4-19 shows the receive data fonnat When the character length is from 7 to 5 bits, the higher 

order bits are padded with Os. 
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\ 
7 bits/character I 0 1 OBI 051 041 031 021 01 1 00 I 

6 bltsJcharacter 0 1 0 1 051 041 031 021 01 1 00 I 

5 bits/character 1 0 I 0 1 0 I 041 osl 021 01 1 00 1 

Figure 4-19. Receive Character Format 

ParitylMP Bit: The PMPMI-0 bits of the MMDI are used to specify whether or not an even/odd 
parity bit or an MP bit are to be appended. 

When even parity is selected, the transmitter counts the number of Is in the transmit character and 

appends a 0 if the number is even or a 1 if the number is odd. Thus, the total number of Is adtually 
transmitted is even. The receiver checks whether or not the number of Is in the received character and 

parity bits is even. 

Similarly, if an odd parity is selected, the value of the parity bit is set so that the total number of Is 
transmitted is odd. 

When the MP bit is selected, an MP bit is appended to the transmitted and received characters in order 

to support multiprocessor communications. 

For details, see "Multiprocessor Support. " 

Error Checking 

• Parity check 
The receiver verifies that received data has the proper parity bit. 
If even parity is specified and an odd number of Is are detected in the received characters and parity 
bits, the PE (parity error) bit in MSCI status register 2 (MST2) is set to 1 when the receive data 
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containing the parity error becomes ready to be read. The situation for odd parity is the same except 

that an even number of Is triggers the error. 

For details about the PE bit, see section 4.2.11 "MSCI Status Register 2." 

Even if a parity error has occurred, subsequent data are normally received; however, the PE bit 

cannot be cleared until 1 is written to the PE bit by the CPU or the NPU is reset. 

When the PE bit is set, an internal interrupt is generated (if enabled). 

• Framing error 

A space detected where a stop bit should be causes a framing error. Even if the stop bit length is 1.5 

or 2 bits, only the ftrst bit is checked. 

When data containing a framing error becomes ready to be read, the FRME bit of MST2 is set. 

For details about the FRME bit, see section 4.2.11 "MSCI Status Register 2." 

A framing error does not stop the receive operation. In the 1/1 clock mode, start bit scanning 

resumes in the clock cycle following detection of the framing error. In the 1/16, 1/32, or 1/64 clock 

mode, scanning resumes after a delay of a half-bit cycle; this period allows invalid stop bit(s) to be 

skipped. 

Once the FRME bit is set by a framing error, it is not cleared until 1 is written to the FRME bit by 

the CPU or the NPU is reset. 

When the FRME bit is set, an internal interrupt is generated (if enabled). 

• Overrun error 

If the buffer is full when new data is transferred to the receive buffer, an overrun error occurs. 

When an overrun error occurs, the new data is written into the top of the receive buffer (TRB), 

erasing the previous data. At the same time, the last stage of the receive status FIFO is overwritten 

with the status (including an overrun indication) of the new data. The OVRN bit in MST2 is set to 1 

when the overwritten data becomes ready to be read. 

For details about the OVRN bit, see section 4.2.11 "MSCI Status Register 2." 
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If an overrun error occurs, subsequent data will be received normally. However, the OVRN bit, once 

set, is not cleared even if the subsequent data causes no overrun error. 

The OVRN bit can be cleared only when 1 is written to the OVRN bit by the CPU or the MSCI 

receiver is reset. When the OVRN bit is set, an internal interrupt is generated (if enabled). 

Break Transmission and Detection: When the transmitter must suspend data transmission it 

transmits a break (space). 

Normally, it issues a break transmission request after completing the current character transmission. 

The transmitter must continue to send the break signal for one or more character cycles. Break 

transmission is specified by BRK bit of the MCIL. This bit is set and TXDM line goes to space at the 

falling edge of the next transmit clock. 

To cancel break transmission, clear the BRK bit. When the BRK bit is cleared, the TXDM line goes to 

mark at the falling edge of the next transmit clock. At this time, the receiver verifies that the mark 

level continues for one or more bit cycles before resuming start bit scanning. 

When break transmission is requested, the output data in the transmit shift register is lost, but the 

transmit buffer is not affected. 

The receiver detects a break as follows: 

If the data and parity bits are all Os and the data contains a framing error, it is assumed that this is the 

start of a break and the BRKD bit in MSTl is set. When the start of a break is detected, the null 

character containing the framing error is discarded (not transferred to the receive buffer). 

Figure 4-20 shows break detection by the receiver. Therefore, if break transmission starts while 

transmitting a character, the break transmission must continue for two or more character cycles. 

I Do I D1 I ._.- I _ i Stop i • Do : D1 : .n. : .... "79q" " 
.----- / ",,-

------ " Data with framing / Start bit detected 
error is received / 

;' 
Start bit search started 
and space detected 

it Ii 
\ Break end detected 

Break start detected 
(The received null 
character is not sent 
to the receive buffer) 

Figure 4·20. Break Detection by the Receiver 
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If a mark is detected for a half-bit cycle or longer after detecting the start of a break, this is assumed to 

be the end of a break and the BRKE bit in MSTl is set. 

In the 1/1 clock mode, detection of the frrst mark causes the break to end. 

When the BRKD or BRKE bit is set, an internal interrupt is generated (if enabled). 

• Supplementary explanation 

A break is generally transmitted using the following procedure: 

CD Wait for the end of transmission (idle status) 

@ Write 1 to the BRK bit 

@ Wait one or more character cycles 

@ Write 0 to the BRK bit 

Multiprocessor Support: The MSCI supports a function which specifies whether a specific terminal 

should receive data in character unit or ignore it. This is useful for communications. between multiple 

terminals. 

In multiprocessor mode (when using character format) an MP bit is used instead of a parity bit. The 

PMPMI-0 bits in MMDI are used to specify this format. 

In the multiprocessor mode, data is normally transmitted with the MP bit set to O. The MP bit can be 

set to 1 by issuing an MP-bit-on-command immediately before transferring the transmit data to the 

transmit buffer. This command affects only one data transmission after issuing command. 

On the receiver side, the MP bit in the receive data is transferred to the receive buffer together with 

other status information. When the receive data becomes ready to read, the value of the MP bit is 

set in MST2. Data whose MP bit = 0 can be ignored (not transferred to the receive buffer) by issuing a 

search MP bit command. This command is invalidated when data whose MP bit = 1 is received, and 

subsequent data is received in the normal manner. 

For information on the "MP bit on" and "search MP bit" command, see section 4.2.8 "MSCI Command 

Register." 

Figure 4-21 shows how communications are accomplished between multiprocessors using the MP bit. 
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MP = 1 MP = 0 MP = 1 MP = 0 

Figure 4·21. Sample MP Bit Operation 

In figure 4-21, T is a transmit station, and A, B, e, and D are receive stations. Receive stations A, B, 

e, and D are assigned addresses 0, 1, 2, and 3, respectively. 

When transmitting data from T to B, transmit station T sends address (1) with MP bit = 1 to the 

communications path. 

The receive stations all monitor the communications path. When they receive data with the MP bit = 1, 

they assume that the data is a station address and compare it with their own address. In this example, 

the received data matches the address of station B. Station B now assumes that subsequent data (data 

with the MP bit = 0) is destined for it. Other receive stations, A, e, and D, issue a search MP bit 

command and ignore the data (with the MP bit = 0). Thus, the transmit station can send data to a 

specific receive station by transmitting the destination address with MP bit = 1 and then transmitting 

the data with the MP bit = O. 

If the transmit station wants to send data to a different receive station, it transmits the new station 

address with the MP bit = 1 to clear the search MP bit command. The transmit station can use the 

procedure described above to communicate with the desired receive station. 
\ 

4.3.2 Byte Synchronous Mode 

In byte synchronous mode, each character is synchronized by adding a SYN character to the beginning 

of the transmit or receive data. 

The MSeI byte synchronous mode supports the mono-sync, bi-sync, and external synchronous modes. 

In the mono- and bi-sync modes, one and two SYN characters are used for synchronization, 
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respectively. In the external synchronous mode, the SYNC line is asserted to achieve synchronization. 

The byte synchronous mode is specified using the PRTCL 2-0 bits of MMDO. 

Figure 4-22 shows the character format for byte synchronous mode. 

I 
Synchronization 

-k J 
~ pattern Part.to be transferred to the receive buffer (*1) 

I SYN I SYN I Data field I CRC I CRC I 
k + I + '\ I 8 bits 8 bits '\ 8bitsxN(N~1) 16 bits 

SYNC.~: level \ 
External synchronous mode '\ I 

I 

I. Mono-sync mode '\ Ip~mM I transmitted 
I 

'\ I. Bi-sync mode 
I 

*1 This part is received from the least signHicant bit. 

Figure 4·22. Character Format for Byte Synchronous Mode 

Table 4-5 indicates the SYN character length for transmission and reception in the byte synchronous 

mode. 

Table 4·5. SYN Pattern Length in Byte Synchronous Mode 

Synchronous Mode For Transmission For Reception 

Mono-sync 1 byte 1 byte 

Bi-sync 2 bytes 2 bytes 

External synchronous 1 byte SYNC line used for synchronization 

The SYN character pattern is set by MSCI synchronous/address registers 0 and 1 (MSAO-1). 

When transmitting a header preceding the SYN character, write the header into the MSCI idle pattern 

register (MIDL) to delay data write to the transmit buffer. The transmitter keeps transmitting the 

header until data is written into the transmit buffer. (For details, see sections 4.2.4 "MSCI Control 

Register," 4.2.18 "MSCI Synchronous/Address Register 0," 4.2.19 "MSCI Synchronous/Address 

Register 1," and 4.2.20 "MSCI Idle Pattern Register.") 
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The receiver does not re-establi~h synchronization of the received data using SYN characters in the 

data field. 

The SYN characters in the data field are automatically deleted or loaded into the receive buffer. The 

SYNC LD bit in the MSCI control register (MCTL) is used to make the selection. (For details, see 

section 4.2.4 "MSCI Control Register. It) 

Transmission Operation: Figure 4-23 shows the state transition diagram for byte synchronous 

transmission. 

• Transmit disable state 

The transmitter is placed in the transmit disable state by a hardware reset or a channel reset or 

transmit reset command. 

In this state, the TXDM line remains at high level (mark), and the TXRDY bit in MSTO is 

cleared to O. 

• Idle state 

The transmitter moves into the idle state from the transmit disable state with a transmit enable 

command. 

In this state, the TXDM line transmits a different signal according to the value of the IDLC bit in 

MCTL. The signal is high (mark) when IDLC = 0; the contents of the MSCI idle pattern register 

(MIDL) are output when IDLC = 1. Once the transmit data is written, the transmitter enters SYN1 

transmit state. 

• SYN1 transmission state 

Transmits the SYN characters set in MSA1. (For details, see section 4.2.18 "MSCI 

Synchronous/Address Register 0" and section 4.2.19 "MSCI Synchronous/Address Register 1.") 

After transmission, the transmitter enters the character transmission state in the mono-sync and 

external synchronous modes, or the SYN2 transmission state in the bi-sync mode. 

• SYN2 transmission state 

Transmits the SYN characters set in MSCI Synchronous/Address register 0 (MSAO) only in the bi­

sync mode and enters the character transmission state. The transmitter does not enter this state in the 

mono-sync or external synchronous mode. 

• Character transmission state 

Transmits the data in the transmit buffer from the TXDM line. 
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• CRC transmission state 
lIansmits a 16-bit CRC code. If data remains in the transmit buffer after transmission, the 
transmitter enters the SYN1 wait state. If no data remains, it enters the idle state. (Set the CRC code 
in bits CRC1-O ofMMDO. Whether or not to perfonn CRC calculation and to send the result is 
specified by the CRCCC bit in MMDO. For details, see section 4.2.1 "MSCI Mode Register O. ") 

"Channel Reset" or ''TX Reset" 
issued in any state No data remains in transmit buffer o and "TX Disable" not issued 

~---
"TX Enable" Issued No data in transmit buffer 

"TX Disable" Issued 
and no data remains in 
transmit buffer 

Data remains In transmit buffer 

Underrun state and 
UDRNC=O, "EOM" issued 
and CRCCC=O, or underrun 
state and UDRNC .. 1 and 
CRCCc..O 

Si-sync 

"EOM" issued 
and CRCCC .. 1, or 
underrun state and 
UDRNC=1 and CRCCC=1 

Data remains in transmit buffer 
and "EOM" not Issued 

After SYN2 transmit 

Data remains in transmit buffer 

Enclosed in double quotation marks (" ") is a command name. j 
UDRNC: Underrun status control bit 
CRCCC: CRe calculation bit 
EOM: "End of Message" command 

Figure 4·23. State Transition Diagram for Byte Synchronous Transmission 
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Receive Operation: Figure 4-24 shows the state transition diagram for reception. 

• Receive disable state 
The receiver is placed in the receive disable state by a hardware reset, channel reset, receive reset or 

receive disable command. 

In this state, the receiver ignores input from the RXDM line and no reception operations are 

performed. 

• SYNI wait state 
Waits for the first SYN character byte to establish a character boundary. 

If the received data matches the SYN pattern set in MSCI Synchronous/Address register 0 (MSAO), 

the receiver enters the ch!\1"acter reception state in the mono-sync mode, or the SYN2 wait state in 

the bi-sync mode. In the external synchronous mode, synchronization is established by the SYNC 
line input. 

• SYN2 wait state 
Waits for the second SYN character byte (only in the bi-sync mode). If the received data matches 

the SYN pattern set in MSA 1, the receiver enters the character reception state. If it does not match, 

the receiver enters the SYNI wait state. The MSCI does not enter this state in the mono-sync or 

external synchronous mode. 

• Character reception state 
Transfers the received character to the receive buffer. 

The SYN character(s) in the data field may be transferred to the receive buffer, or not, as specified 

by the SYNCLD bit in MC1L. 

The receiver is placed in the SYNI wait state by issuing a message reject command. 
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·AX Enable" Issued 

SYN characterc unmetch 

"RX Disable", "RX Reset" or "Channel Reset" issued in any state 

"Message Reject" issued 

(
mono-sync, ) 
external 

SYN character match synchronous 

Enclosed in double quotation marks (" , is a command name. 

Figure 4-24. State Transition Diagram for Byte Synchronous Reception 

Error Checking 

• CRC errors and CRC code transmission 

The MSCI supports two CRC code types: CRC-16 and CRC-CCITI. The type to be used and the 

initial value (all Os or Is) are program-selectable. Use bits CRCI-O of MMDO for this pwpose. 

The CRC polynomial is X 16 + X1S + X2 + 1 for CRC-16 ahd X16 + X12 + XS + 1 for CRC-CCITI. 

The MSCI transmitter and receiver both have a CRC calculator. 
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The TX CRC calculator is automatically initialized immediately before transmitting the data field. It 

can also be initialized by issuing a TX CRC initialization command. 

During data transmission, synchronous patterns are excluded from the CRC calculation. Data can be 

excluded (in a character unit) from the CRC calculation by a TX CRC calculation exclusion 

command. Use the CRCCC bit in MMDO and the end of message command to specify transmission 

of the CRC code. The CRC code is transmitted automatically when both the CRCCC bit and the 

UDRNC bit in MCTL are set to 1 and when the underrun state is detected. 

For details, see section 4.2.1 "MSCI Mode Register 0," section 4.2.4 "MSCI Control Register," and 

section 4.2.8 "MSCI Command Register." 

If an underrun occurs while UDRNC = 0 or CRCCC = 0, the MSCI directly enters the idle state 

without transmitting the CRC code. 

The RX CRC calculator is automatically initialized immediately before receiving a data field. It can 

also be initialized by issuing an RX CRC initialization command. 

\ 
During data reception, the characters not input to the receive buffer, such as SYN characters, are 

excluded from the CRC calculation. Data can be excluded (in a character unit) from the CRC 

calculation by specifying an RX eRC calculation exclusion command. The eRe code check is 

completed 15 system clock cycles after the character following the last check character has entered 

the receive buffer. If a CRC calculation forcing command is issued (the character following the last 

character does not enter the receive buffer), the check is completed 15 system clock cycles after 

issuing the command. In either case, the£RC error status is valid until the next character enters the 

receive buffer. 

If a CRe error is detected, CRCE bit in MST2 is set to 1. See section 4.2.11 "MSCI Status Register 

2." 

When the CRCE bit is set, an internal interrupt is generated (if enabled). 

• Overrun error 

An overrun error occurs if the receive buffer is full when new data is sent to the buffer. When an 

overrun error occurs, the new data is written into the last stage of the receive buffer and the previous 

data is lost The last stage of the status FIFO is overwritten with the status (including an overrun 

indication) of the new data. 

198 HITACtil 



The OVRN bit in MST2 is set to 1 when the overwritten data becomes available for read. 

The OVRN bit status can be cleared to 0 only when 1 is written to it by the CPU or by a reset When 

the OVRN bit is set, an internal interrupt is generated (if enabled). 

Even after an overrun error is detected, character reception continues. 

• Underrun error 

An underrun error occurs, if the transmit buffer becomes empty after data has been sent from the 

transmit shift register. 

When an underrun error is detected*l the transmitter enters the idle state. Then the transmit line 

goes high (by clearing the IDLC bit of MC1L) or outputs an idle pattern (set by setting the IDLe 

bit) At this time, the CRC code can be transmitted before entering the idle state by setting the 

UDRNC bit in MCIL to 1 *2. 

When an underrun error is detected, the UDRN bit of MSTI is set to 1 and the TXRDY bit of MSTO 

is cleared to O. The UDRN bit can be cleared to 0 only when 1 is written to it by the CPU or by a 

reset. 

An internal interrupt is generated (if enabled) when the UDRN bit is set. 

After entering the idle state, the MSCI enters the SYNI transmit state when the UDRN bit is cleared 

and data is written into the transmit buffer . 

• 1 An underrun error is assumed when the transmit shift register and transmit buffer are both empty and an end of message 

command has not been issued . 

• 2 If an Wlclerrun error occurs while UDRNC = 0 or CRCCC = O. the MSCI enters the idle state directly without 

transmitting the CRC code. 

End of message: To signal the end of a message, use an end of message command. An end of 

message is also assumed if an underrun error occurs while the UDRNC bit in MCTL is set to 1. 

When the message ends and the CRCCC bit of MMDO is I, the transmitter automatically transmits a 

CRC code and then enters the idle state. If the CRCCC bit is.O, the transmitter enters the idle state 

without CRC code transmission. This will generate an internal interrupt (if enabled). 

During receive operations, the receiver does not perform end of message detection. , 
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4.3.3 Bit Synchronous Mode 

In the bit synchronous mode, the end of a frame is indicated by flag. The PRTCL2-0 bits of MMDO 

are used to specify the bit synchronous mode. 
I 

Figure 4-25 shows the message format for the bit synchronous mode. 

The A (address) and C+I (control and information) fields are configured in byte units and are sent to 

the receive buffer. Data, except the frame check sequence (PCS) field, is transmitted or received 

beginning with the least significant bit. (The FCS field data is transmitted and received beginning with 

the most significant bit.) 

Residue bit frames cannot be transmitted. For reception, if residue bits exist at the end of receive data, 

the valid bits (residue bits) in the last character are justified to the upper positions and the lower bits 

are undefmed. The undefined bits cannot be distinguished from valid bits. When a residue bit frame is 

received, the status of the last character indicates both the residue bit frame and end of receive frame 

status. (This status is indicated by the EOM and RBIT bits in MST2.) 

I F AI I A2 I C+ I :: I FCS I F I 
IE 

I 

+ + + :1, 
8 bits I 8 bits o or 8bitsxN 16 bits 

8 bits (N~ 1) 

I: 
(CRCCC = 1))1 

Part to be sent to the receive buffer 
l, 
r (CRCCC=O) 

Note: Zeros are inserted to or deleted from the A1. A2. 0+1. and FCS fields. 

Figure 4.25. Message Format for Bit Synchronous Mode 

Transmission Operation: 

Figure 4-26 shows the state transition diagram for transmission in the bit synchronous HOLC mode. 
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• Transmit disable state 
The transmitter is placed in the transmit disable state by a hardware reset, a channel reset or TX reset 

command. 
The TXDM line goes to high level (mark), and the TXRDY bit of MSTO ~s cleared. 

• Idle state 
The transmitter is placed in the idle state from the transmit disable state by a transmit enable 

command 

In this state, the TXDM line behaves according to the setting of the IDLC bit in MCTL. A high­

level signal (mark) is output when IDLC = 0; the contents of the MSCI idle pattern register (MIDL) 

are output when IDLC = 1. When transmit data is written, the transmitter enters the opening flag 

transmission state. 

• Opening flag transmission state 
Transmits one flag, then immediately enters the character transmission state. 

• Character transmission state 
Sequentially transmits the data in the transmit buffer. 

• FCS transmission state 
Thansmits FCS (CRC), then enters the next state. 

• Closing flag transmission state 
Thansmits one flag, then enters the next state. * 

• Abort transmission state 
Transmits the abort pattern 11111111, then enters the next state. 

• When frames are sent in succession, they are automatically delimited by at least one closing flag and one opening flag. 

\ 
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Initialization by reset 

\ 
No data in transmit buffer 
and "TX Disable" not issued 

o 

• Abort transmission" "TX Reset" or "Channel Reset" 
issued in any state Data still in 

transmit buffer 
after abort sent 

o :~~~~d several \ransmit buffer 
empty after flag 
transmit 

----- "Abort transmission" (1) Underrun state 
andUDRNC=O 

(2) "Abort transmission" 
issued 

D .. 0 
ata remains In 

transmit buffer 
and "EOM" not 
issued 

(1) CRCCC = 1 
and "EOM" issued 
(2) Underrun state, 
CRCCC = 1 and UDRNC = 1 

(1)CRCCC.O 
and "EOM" issued 
(2) Underrun state, 
CRCCC .. 0, and UDRNC-1 

issued 

Data remains in transmn buffer after flag transmn 

Note: The state changes when character or pattern transmn is completed, except when the transmitter is reset. 

Command names are enclosed in double quotation marks (" D). 
UDRNC: Underrun state control bn 
CRCCC: CRC calculation bn 
EOM: Specifies to stop data sent from the DMAC to MSCI during DMA chain block transfer or when an end 

of message command is issued. 

Figure 4·26. State Transition Diagram for Transmission in Bit Synchronous HDLC Mode 

J 
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Receive Operation: Figure 4-27 shows the state transition diagram for reception in the bit 

synchronous mode. 

• Receive disable state 

The receiver is placed in the receive disable state by a hardware reset, a channel reset or a receive 

reset command. 

The receiver ignores the input from the RXDM line and no reception operations are performed. 

• Flag wait state 

Compares the received bit string with the flag pattern until a match is detected. * 
When the flag pattern is detected, the character wait state is entered. 

• Character wait state 

Ignores successive flags which indicate a frame boundary and waits for a non-flag pattern. 

When non-flag pattern is detected, the address field check state is entered. 

• Address field check state 

Checks the address field to determine whether or not to receive the associated frame. When the 

address field check is successful (the frame is accepted), the receiver enters the character reception 

state. When the address field check fails, the flag wait state is entered. In the address field no-check 

mode, this check is not performed and the character reception state is entered directly. If a flag is 

detected within three character cycles after the address field check, the received bit is assumed to be 

a short frame, and the character wait state is entered. 

• Character receive state 

Sends received characters to the receive buffer. 

If the MSCI detects a flag in the character receive state, it sends characters to the receive buffer until 

the last character in the I field (CRCCC = 1) or the FCS (CRCCC = 0) has been sent. Then, the 

character wait state is entered. 

* Successive frames which share opening and closing flags can be received nonnally. 
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Initialization by re.et 

1+---- "AX Disable", "AX Aeset" or "Channel Aeset" 
issued in any state 

(1) Abort detected 
(2) "Message Reject" Issued 

Figure 4·27. State Transition Diagram for Bit Synchronous Reception 

Error Checking: 

• CRCerrors 

In the bit synchronous HDLC mode, the initial value is normally set to allIs using CRC-CCITI. 

Use bits CRCI-O in MMDO for this purpose. (The CRC polynomial is X 16 + X12 + X5 + I for CRC­
CCITI.) 

The transmitter and receiver both have a CRC calculator. 

The CRC code is initialized immediately before transmitting or receiving the A field. 
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For transmission, CRC calculation is carried out on the data in the A, C, and I fields before zero 

insertion. 

Use the CRCCC bit in MMDO and the end of message command to enable CRC code transmission. 

The CRC code is transmitted automatically when both the CRCCC bit and the UDRNC bit in 

MCIL. in underrun status are 1. (For details, see section 4.2.1 "MSCI Mode Register 0," section 

4.2.4 "MSCI Control Register," and s~tion 4.2.8 "MSCI Command Register.") 

For reception, CRC calculation is carried out on the O-deleted data in the A, C, and I fields. The 

CRC code check is completed when the last character in the I field enters the receive buffer with 

CRCCC bit in MMDO= 1. The error status is sent (via the status FIFO associated with the character) 

to the CRCE bit in MST2. When the CRCE bit is set, an internal interrupt request is generated (if 

enabled). If the CRCCC bit is 0, the CRCE bit is not set. 

• Overrun errors 

An overrun error occurs when the receive buffer is full when new data arrives. When an overrun 

error occurs, the new data is written into the last stage of the receive buffer (TRB) and previous data 

is lost The last stage of the status FIFO is overwritten by the status (including an overrun status) of 

the new data (the OVRN bit in MST2 is set when overwritten data becomes available for read). The 

EOM bit is also cleared by overwriting. 

The overrun status can be cleared only by writing 1 to the OVRN bit or by a reset. When the OVRN 

bit is set, an internal interrupt is generated (if enabled). 

Character reception is not stopped by overrun detection. 

• Underrun errors 

An underrun error occurs if the transmit buffer becom~s empty after sending data from the send shift 

register. 

When an underrun error is detected and if abort transmission has been !!pecified by the UDRNC bit 

in MC1L, the transmitter enters the idle state after sending an abort. In other cases, this is assumed 

to be the end of a message and the frame ends normally. Thus, MSCI transits to the idle state after 

sending FCS and a flag. (An underrun error is assumed when the transmit shift register and transmit 

buffer are empty and an end of message command has not been issued.) 
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The UDRN bit in MSTl is set to 1 when an underrun is detected. In this case, the transmit buffer is 

not full, but the TXRDY bit in MSTO is not set as long as the UDRN bit remains set. This prevents 

the remaining data from being transmitted as an ordinary frame whe~ an underrun occurs during 

DMA transmission. 

When the UDRN bit is 1, an internal interrupt is generated (if enabled). 

Message End Operation: To signal the end of a message, use an end of message command. An end 

of message is assumed when either a DMA chain block transfer has been completed, or when an 

underrun occurs when the UDRNC bit in MCIL is 1. 

The last character to be transmitted is the fIrst character written into the transmit buffer after issuing the 

end of message command; for DMA chained block transfer, it is the last character received. If an 

underrun occurs, it is the character transmitted immediately before the underrun. 

When the message transmission is complete, the MSCI enters the closing flag transmit state provided 

the CRCCC bit MMDO is O. If the CRCCC bit is 1, the MSCI enters the FCS transmit state. 

For reception, the end of message is assumed when a flag is detected in the character receive state. 

While the CRCCC bit of MSCI mode register 0 (MMDO) is 1, characters up to and including the last 

character in the I fIeld are sent to the receive buffer and FCS is deleted. The associated receive frame 

end status and CRC error status are sent to the status FIFO, and set to the BOM bit and CRCE bit of 
MSCI status register 2 (MST2) when the last character becomes available for read. At the same time 

the internal DMAC is informed of the end of frame and an internal interrupt is generated (if enabled). 

When the CRCCC bit is 0, FCS is also sent to ~e receive buffer. In this case, its associated receive 

frame end status is transferred to the status FIFO. 

To enable this control, characters are sent to the receive buffer and wait there for three character cycles 

after being received. When the closing flag is detected, the last character in the I field and the FCS 

have not yet been sent to the receive buffer. 

Address field check: In the bit synchronous mode, data frames contain an address (A) freld which 

specifIes what secondary station(s) should receive the frame. The MSCI supports four address fIeld 
check modes: address fIeld no-check, single address 1, single address 2, and dual address. (See table 

4-6.) 
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Table 4-6. Address Field Check 

Mode Function 

Address field no-check Receives all frames 

Single address 1 Receives only frames whose Al field has the specified value or global 

address (OFFH). 

Single address 2 Receive~ only frames whose A2 field has the specified value or global 

address (OFFH). 

Dual address Receives only frames whose Al and A2 fields have the specified value, 

global address (OFFFFH), or group address (A2 = specified value, 

Al=OFFH). 

Use bits ADDRS 1-0 in M.\1D 1 to specify the address field check and SAO and 1 in MSAO and MSAI 

to specify the address. For details, see section 4.2.2 "MSCI Mode Register 1," section 4.2.18 "MSCI 

Synchronous/Address Register 0," and section 4.2.19 "MSCI Synchronous/Address Register 1." 

Short frame detection: If a short frame is received, the action taken depends on the frame length, 

CRCCC bit value of MSCI mode register 0 (MMDO), and address field check as shown in table 4-7. 

Table 4-7. Reactions to Short Frame Detection 

F'rame 

Length 

(exclude­

ing flag) 

Bits 1- 8 

Bits 9 -23 

Mode Settings 

CRCCC bit=O 

Address Field Single Address 2 

No-Check 

Single Address 1 Dual Address 

Sends no data to Sends no data to 

the receive buffer. the receive buffer. 

Sends a part of the Sends a part of the 

data to the receive data to the receive 

buffer. Appends the buffer. Appends the 

short frame status to short frame status to 

the last character and the last character and 

sets the SHRT bit in sets the SHRT bit in 

MST2. MST2. 

CRCCC bit = 1 

Address Field Single Address 2 

No-Check 

Single Address 1 Dual Address 

Sends no data to Sends no data to 

the receive buffer. the receive buffer. 

Sends no data to Sends no data to 

the receive buffer. the receive buffer. 
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Table 4-7. Reactions to Short Frame Detection (cont.) 

Mode Settings 
Frame CRCCC bit=O CRCCC bit = 1 
Length Address Field Single Address 2 Address Field Single Address 2 
(exclude- No-Check No-Check 
ing flag) Single Address 1 Dual Address Single Address 1 Dual Address 
Bits 24-31 Sends a part of Sends a part of Sends a part of Sends a part of 

the data to the the data to the. the data to the the data to the 
receive buffer. receive buffer. receive buffer. receive buffer. 
Appends the Appends the Appends the Appends the 
short frame status short frame status short frame status short frame status 
to the last to the last to the last to the last 
character. and sets character and sets character and sets character and sets 
the SHRT bit in the SHRT bit in the SHRT bit in the SHRT bit in 
MST2. MST2. MST2. MST2 

Bits 32-39 Receives the data Sends a part of Receives the data Sends a part of 
as nonnal data. the data to the as normal data. the data to the 

receive buffer. receive buffer. 
Appends the Appends the 

short frame status short frame status 

to the last to the last 
character and sets character and sets 
the SHRT bit in the SHRT bit in 

MST2. MST2. 

Bits 40 Receives the data Receives the data Receives the data Receives the data 
and up as nonnal data. as nonnal data. as nonnal data. as normal data. 

Note: When a short frame is detected and the SHRT bit of MSCI status register 2 (MSTl) is set, the EOM bit is set, 

indicating the end of receive frame. At this time, an internal interrupt is generated (if enabled). 

If data has not been transferred to the receive buffer, the SHRT bit is not set, even if a short frame is detected. 

Abort Transmission and Reception: Use the abort transmit command to abort transmission. If abort 

transmission is selected (UDRNC = 0) using the UDRNC bit in MCTL, when an underrun occurs 
MSCI transmitter automatically enters the abort transmiSsion state. 
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This state causes an abort pattern (eight Is) to be transmitted in order to clear the transmit buffer. 

Thus. the contents of the transmit shift register and transmit buffer are lost. After transmitting the abort 

pattern. the MSCI enters the idle state. 

During receive operations. the MSCI assumes 01111111 (0 followed by seven Is) as an abort. 

When an abort is detected, an interrupt is generated (if enabled) and the receiver enters the flag wait state. 

If the receiver is in the character receive state when the abort is detected. it carries out the following 

additional operation: 

When the CRCCC bit is 0, data up to the position preceding 01111111 is sent to the receive buffer. 

When the CRCCC bit is 1, data, up to the character being assembled at detection, is sent to the receive 

buffer and 16 bits of data preceding 01111111 is truncated. (This operation is the same as for receive 

frame ending upon flag detection, except that the ABT bit of MSCI Status Register 2 is set to 1.) 

4.3.4 Bit Synchronous Loop Mode 

The bit synchronous loop mode supports secondary stations for bit synchronous loop transmission of 

data. The PRTCL 2-0 bits of MSCI Mode Register 0 (MMDO) are used to specify this mode. The 

primary station is operated in the bit synchronous HOLC mode. Figure 4-28 shows the relationship 

between the primary and secondary stations in the bit synchronous loop mode. 

The bit synchronous loop mode is the same as the HOLC mode except for some transmit operations 

and the address field check. See section 4.3.3 "Bit Synchronous Mode," 

Frame 
transmission 

Figure 4-28. Relationship between Primary and Secondary Stations in Bit Synchronous 

Loop Mode 
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The primary station transmits a frame followed by an idle pattern, 11111111. It repeatedly transmits 
the idle pattern until the transmitted frame, the response frame from a secondary station, and an idle 
pattern are received from the secondary station. 

Since the primary station's idle pattern is 11111111, a go-ahead (GA) pattern, shown in figure 4-29, is 

formed at the boundary of flag 01111110. This GA pattern requests the secondary station to transmit 
data. 

I 
o 

Flag 
I 
o 
I 

Idle pattern 

GApattern 

Figure 4·29. GA Pattern 

The secondary station is usually in the retransmit idle state. It retransmits the received data after a 1~ 
bit cycle delay. For transmission by polling from the primary station, a secondary station sets the GOP 
bit in MCTL to 1 (end of frame) and waits for the next GA pattern before starting transmission. 

If the secondary station detects a GA pattern while the GOP bit is I, it changes the last 1 of the GA 
pattern to 0, thus turning it into a flag pattern. The secondary station begins transmitting frames if 
transmit data exists. If no transmit data exists, the secondary station repeatedly transmits the idle 
pattern specified by the MSCI idle pattern register until transmit data is written. Therefore, the idle 

pattern must match that ofa flag, 01111110. 

When the secondary station completes data transmission, it transmits a flag and returns to the 

retransmit idle state. Thus, a GA pattern is automatically generated.'" See figure 4-30. 
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Flag transmitted by secondary station 
~ 

o o 
I 

Idle pattem transmitted by primary station 
I I 
1 

GA pattern (to next secondary station or primary station) 

Figure 4·30. GA Pattern Generation at the End of Data Transmission 

in the Secondary Station 

• The following procedure can be used to avoid shared use of the Os at the end of the flag and the beginning of the GA 

pattern. 

Flag GApattern 

II 
o 1 1 1 1 1 100 1 1 1 1 III III 1 

(j) When the primary (or secondary) station is transmitting. set the GA pattern (11111110) in the MSeI idle pattern register 

(MIDL). 

® After the closing flag has been transmitted. place the transmitter in idle state; the idle pattern (GA pattern) will be output 

(For the secondary station. it is necessary at this point that the GOP bit be left set to 1.) 

(3) While the GA pattern is being transmitted, write 11111111 to MIDL. This is then transmitted as the idle pattern after the 

GA pattern. (For the secondary station, it is necessary to clear the GOP bit to 0 after the idle pattern is transmitted in 

order to place the station in the retransmit idle state.) 

When a flag is received during transmission, the secondary station must stop transmission. By polling 

the flag detection status or in response to an interrupt from the CPU, the secondary station can stop 

transmitting and return to the retransmit idle state. The primary station can also request the secondary 

station to stop transmitting. The primary station writes flag pattern 01111110 into the MSCI idle 

pattern register (MIDL) and transmits this flag by setting the IDLC bit in MCTL to 1. 

GA pattern and flag detection status are set in the GAPD and FLGD bits of MSCI Status Register 1 

(MSTl). At that time, an interrupt is generated (if enabled). 

Figure 4-31 (a) shows a nonnal receive fonnat in the bit synchronous mode. Figure 4-31 (b) shows an 

abort end frame fonnat (the GA and abort patterns are identical). 
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~_F~ __ A~ __ C~~: ~:~ ___ F_C_S __ ~ __ F~ __ ~~ 

Figure 4-31. (a) Normal Receive Format 

~_F __ ~_A __ ~I __ c __ ~~: ~:~ ____ FC_S ____ ~G_A~ 

Figure 4-31. (b) Abort End Frame Format 

Transmission operation: Transmission operations in the bit synchronous loop mode differ from those 
in the bit synchronous HDLC mode. Figure 4-32 shows the state transition diagram for transmission in 

the bit synchronous loop mode. 

• Transmit disable state 
The transmitter is placed in the transmit disable state by a hardware reset, a channel reset or a TX 

reset command. 
The TXDM line goes to the high level (mark), and the TXRDY bit of MSCI status register 0 (MSTO) 

is cleared to O. 

• Retransmit idle state 
The transmitter enters the retransmit idle state from the transmit disable state by the TX enable 
command and retransmits received data after a delay of one bit cycle. 

• Idle state 
The transmitter repeatedly transmits high level (mark) signal (IDLC = 0) or the MSCI idle pattern 
register (MIDL) contents (IDLC = 1), from the TXDM line until data is written into the transmit 

buffer or the GOP bit of MCIL is cleared to O. 

• Opening flag transmission state 
Transmits an opening flag and enters the character transmit 

212 HITACHI 



• Character transmission state 

Sequentially transmits the data in the transmit buffer. 

• FCS transmission state 

Transmits the FCS (CRC) and enters the next state. 

• Closing flag transmission state 

Transmits a closing flag and enters the next state. 

• Abort transmission state 

Transmits abort pattern 11111111 and enters the next state. 
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"T>< Reset" or "Channel 
Reset" issued in any state 

Data in transmit 
buffer, 
GApattem 
received and 
GOP=1 

GA pattern not received or GOP = 0 

o 

(1) 
CRCCC 

= 1 and "EOM" issued 
(2) Underrun state, 

GOP" 0 after flag 
sent 

CRCCC = 1 and UDRNC =1 
"EOM" not issued (1) CRCCC = 0 and "EOM" issued 

(2) Underrun state, CRCCC = 0 and UDRNC = 1 

Data in transmit buffer after flag sent and GOP = 1 

Note: Command names are enclosed in double quotation markse" H). The state changes when character or pattern 
transmit is completed (except when "IX Reset" is specified). In retransmit data, one bit corresponds to one pattern. 

E;OM: End of Message command issued and completion of data transmission signaled from the DMAC 
GOP: Go Active on Poll bit UDRNC: underrun state control bit 
CRCCC: CRC calculation bit 
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Address Field Check: The bit synchronous loop mode supports four address field checks: address 
field no-check, single address I, dual address, and 4-bit address. The flISt three modes are the same as 
those available in the bit synchronous HDLC mode. For details, see section 4.3.3 "Bit Synchronous 
Mode." 

Table 4-8 shows the 4-bit address mode. 

Table 4-8. 4-bit Address Mode Field Check Function 

Mode Function 
4-bit address Receives only frames whose four high order bits iIi the At field are set to the 

specified value or global address (FH). 

4.4 Transmit/Receive Clock Selection 

4.4.1 Overview 

The MSCI transmit and receive clock sources are selected from among the following sources: 

/ 

• Transmit clock sources 
- TXCM line input 
- Transmit baud rate generator output 
- Receive clock 

The transmit clock source is selected using the TXCS 2-0 bits of the MSCI TX clock source register 
(MTXS). 

• Receive clock sources 
- RXCM line input 

- Receive baud rate generator output 
- RXCM line input with noise suppression by the ADPLL (the ADPLL operating clock is the receive 

baud rate generator output ). 

- Clock extracted from the receive data by the ADPLL (the ADPLL operating clock is the RXCM line 
input or the receive baud rate generator output). 

The receive clock source is selected using the RXCS 2-0 bits of the MSCI RX clock source register 

(MRXS). 
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The internal baud rate generator (BRG) 'Can provide independent outputs for transmission and 

reception by dividing the system clock. The on-chip ADPLL can perform (1) clock extraction from the 

receive data, (2) noise suppression for the receive data and (3) noise suppression for the receive clocle. 

The ADPLL operating clock employs the receive BRG output or RXCM line input for clock extraction 

and noise suppression in the receive data. It uses the receive BRG output for noise suppression of the . 

receive clock. 

Figure 4-33 shows how the MSCI clock is supplied. 

TXCM line RXCM lne 

Input Input 

ADPLL operating clock Receive BRG output ~ 

1---+----+-----1~~ ~ r ~Extracted clock Baud rate 
gen~rator 

8-; 

TransmHL-'-B-R-G-O-U-tput-Y 

MSCI 

CD -'---i ADPLL 
Q) Noise-suppressed 

+---+~ en ~ clock 
'--- VI ~ 

Receive clock or ~ 
ADPLL operating clock n ~ R . lock 

Qj r- I' ecelve c 

'---------------------~~ 
'--

lr:-
g 

'-------------------------~. g ~TransmHc~ 
'---------------~----------~ ~ 

'--

Figure 4-33. Selecting Transmit and Receive Clocks 

4.4.2 Supplying the Transmit Clock 

Figure 4-34 shows transmit clock sources. When the transmit baud rate generator output is used as the 

transmit clock, the TXCM line functions as the transmit clock output. 
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The receive clock is used as the transmit clock in the following two cases: 

• When the clock extracted by the ADPLL is used as the transmlt clock. 
• When the receive clock is used as the transmit clock in the bit synchronous loop mode. 

In the asynchronous mode, the actual bit rate is determined by the clock mode (1/1, 1/16, 1/32 or 1/64). 
In the byte or bit synchronous mode, 1/1 clock mode is automatically selected. 

flil 
Transmit __ +2TXBR 

The 
---,l baud rate 

generator 
(TMC: 1 to 256. TXBR: 0 to 9) r---..... ... 

TXC M line input ~ 
II) 

G) 
en 

Re ceive clock V 

Figure 4-34. Transmit Clock Sources 

4.4.3 Supplying the Receive Clock 

The receive clock sources are shown in figures 4-35 (a), (b) and (c). 

-+ 

(1/ 

Transmit clock 

1. 1/16. 1/32 or 1/64 
clock mode) 

When the RXCM line is not used as'-&: clock source, it functions as the receive clock output. 

In the asynchronous mode, th.1" actual bit rate is determined by the clock mode (111, 1/16, 1/32 or 1/64), 
and in the byte or bit synchronous mode, 111 clock mode is automatically selected. 
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Receive baud 

fiJ ---> rate generator 

~+2RXBR 
TMC 

(TMC: 1 to 256, RXBR: 0 to 9) 

... 
~ ~ Receive clock' 

(g (1/1,1/16,1132 or 

RXCM line"" "'-"-"-,,-.. -... -... -.. -... -.. -... -.. -... -... -... -.. -... -.. -... -.. -... -... -... -.. -... -... -.. -... -... -... -.. -... ~ ..... ~..... 1/64 clock mode) 

(Receive BRG output used as receive clock) 

Figure 4·35. (a) Receive Clock Source 

(Receive BRG output or RXCM line input used as receive clock) 

RXD I' M me 
Receive data 

~+2RXBR 
TMC 

(TMC: 1 to 256, RXBR: 0 to 9) 

Receive baud ~7 f"'--.. Clock extracted fro 
---> 

rate generator 
ADPLL 

ADPLL Li ... 
~ operating clock (Sampling rate: 
CD operating clock 
Q) x 8, x 16, x 32) (J) 

RXC Mline ';'" 
V 

(Receive BRG output serves as the ADPLL operating clock) 

Figure 4·35. (b) Receive Clock Source 

m the receive data 

Receive clock 
(1/1 clock mode) 

(clock extracted by ADPLL used as receive clock) 
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ADPLL.operating clock 

(TMC: 1 to 256,' 5 Receive baud RXBR:Ot09) 
lIS -; ADPLL 

rate generator (Sampling rate: , 
operating clock 

Receive clock x 8, x 16, x 32) Mline RXC 

Figure 4-35. (c) Receive Clock Source 

(Receive clock noise suppressed) 

4.4.4 Baud Rate Generator 

Noise-suppressed 

receive clock 

(1/1 clock mode) 

The output frequency of the baud rate generator for transmission and reception is obtained by the 
following equation: 

f~ 
£BRG = __ + 2BR 

1MC 

where 
fBRG: BRG output frequency 
flZl: System clock frequency 
1MC: MSCI time constant register value = 1 to 256 
BR: TX clock source register TXBR 3-0 bit values (0 to 9) 

RX clock source register RXBR 3-0 bit values (0 to 9) 

Frequencies determined by the above equation are independently output for transmission and 
reception from the baud rate generator. 

4.4.5 ADPLL 

In byte or bit synchronous mode, the MSCI can use two kinds of receive clock: a clock extracted from 
the received data by ADPLL or RXCM input noise-suppressed by ADPLL. 

The ADPLL has the following operating modes: x8, x16, and x32 (ratio·of the ADPLL operating 

clock rate to the bit rate). 
To use the ADPLL clock extraction function, the operating clock frequency must be 8, 16, or 32 times 

the bit rate, regardless of whether the source of the operating clock is the RXCM line or the baud rate 
generator. The DRATEI-0 bits of MSCI mode register 2 are used to select the ADPLL operating 

mode. 
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4.5 ADPLL 

4.5.1 Overview 

The advanced digital PLL (ADPLL) functions to extract clock signals from the receive data and 

generate a decoding clock for the receive data. 

The ADPLL has the following features: 

• Clock extraction from five receive data transmission cO,de types: NRZ, NRZI, Manchester, FMO and 

FMl 

• The bit rate of the ADPLL clock is selectable from among the following ratios: X8, X16, and x32 

• Receive data noise suppressor function 

• Receive clock noise suppressor function 

Figure 4-36 shows the block diagram of the ADPLL. 

r -------- -------------------------------.--- -- ---------------;::1 Noise-suppressed 

I I vi receive data 
! 1 
I L,: Receive data in phase 

Receive data ! r-/ VI wnh the extracted clock 

1 C!! 
, I ' 
: CI0Ckline1 r-.. I I, ~L 7- : 

r Receive BAG OUlpul I ~ ~ - ~ 
ADPLL operating clock . . ): Clock line 2 Multiplexor rlCIOCk extractor I v~ Extracted clock I External cloCk (RXCM line Input '" : 

: 
i I to 

,} : 
'---~J"':---:--~:----' ! Noise·suppressed 

1 noise suppressor : receive clock 
, I L ______________________________ . ________________________ .J 

Figure 4-36. ADPLL Block Diagram 
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The ADPLL can selectively perfonn clock extraction for the receive data or noise suppression of the 
receive clock input from the RXCM line. In both cases, the receive data noise is suppressed. 

The ADPLL receives the receive data and provides the operating clock. The ADPLL has two clock 

input lines: an input for the receive baud rate generator output and an input for the RXCM line input. 

To extract the clock component from the receive data, operating the ADPLL uses the receive baud 
rate generator output or an external clock (RXCM line input) as the operating clock. The ADPLL. 
clock is supplied to the receive data noise suppressor, clock extractor and the data delay unit, for use as 
a common operating clock. The extracted clock and the noise-suppressed receive data are sent from 
the ADPLL to the MSCI receiver. The extracted clock is used as the receive clock. When the output 
of the receive baud rate generator is used as the ADPLL clock, the RXCM line outputs this receive 
clock. (ADPLL operation is controlled by the RXCS 2-0 bits of the MSCI RX clock source register 
(MRXS).) 

To function as a noise suppressor for the receive clock input from the RXCM line, the ADPLL uses the 
output of the receive baud rate generator as the operating clock. The ADPLL operating clock is 
supplied to the noise suppressors for the receive clock and the receive data, for use as a common 
operating clock. In this case, the clock extractor does not operate. The noise-suppressed receive data 
and the receive clock are sent from the ADPLL to the MSCI receiver. 

The clock extraction from the receive data and noise suppression for the receive data and receive clock 
:e based on the ADPLL operating clock. The ratio of the ADPLL clock to the bit rate can be selected 

from among x8, xl6 and x32 using the DRATE1-0 bits ofMMD2. 

Table 4-9 shows the relationship between the ADPLL clock and bit rates. 

Table 4-9. Relationship Between the ADPLL Operating Clock and Bit Rates 

ADPLL Operating Ratio of ADPLL Operating 
Function Operating Clock Source Mode Clock Rate to Bit Rate 
Clock extraction from • RXCM line input x8 8/1 
receive data (receive • Receiver BRG output x16 16/1 
data noise suppressed) x32 32/1 
Suppression of • Receiver BRG output x8 8/1 
receive clock (receive x16 16/1 
data noise suppressed) x32 32/1 
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The ADPLL supports a facility for adjusting the phase of the extracted clock. If the ADPLL clock is 

skewed by one or more cycles from the receive data that was passed via the data delay unit, this facility 

automatically adjusts it by ±1 operation clock cycle. This compensation is repeated until the clock is 

synchronized. 

ADPLL specifications are shown in table 4-10 and the transmission codes supported by the ADPLL 

are summarized in figure 4-37. 

Table 4·10. ADPLL Specifications 

No. Item Mode 

1 Maximum 

operating clock 

frequency 

2 Maximum Operating 

bit rate mode 

3 Maximum Code NRZ 

number of type 

level transitions 

necessary for FM 

synchronization 

x8 

x16 

x32 

x8 

x16 

x32 

Normal x8 

mode x16 

x32 

Search 

mode* 

Specification 

17.6 MHz 

2.2Mbps 

1.1 Mbps 

0.5 Mbps 

4 level transitions 

8 level transitions 

16 level transitions 

4 level transitions 

8 level transitions 

16 level transitions 

1 level transition 

Remarks 

Sampling 

ratio must 

also be set 

* The ADPLL enters search mode when the enter search mode command is issued. For details, see 

section 4.5.3 "Precautions for Using the ADPLL." 
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Table 4-10. ADPLL Specifications (cont.) 

No. Item 

4 Receive 

5 

6 

data noise 

suppression 

Receive 

clock noise 

suppression 

Maximum 

bit rate for 

receive clock 

noise 

suppression 

Mode 

Noise suppressor 

operation 

Noise suppressor xS 

mode x16 

x32 

Noise suppressor xS 

mode x16 

x32 

Noise suppressor xS 

mode x16 

x32 

Data and Waveforms 

Specification Remarks 

On Undefined Off 

x<l/S l/SSx<2/S 2/8Sx 

x<2/16 2/16Sx<3/16 3116Sx 

x<4/32 4/32Sx<5/32 5/32Sx 

x<l/S l/SSx<2/S 2/SSx Clock extrac-

x<2/16 2/16Sx<3/16 3/16Sx tor does not 

x<4/32 4/32Sx<5/32 5/32Sx function 

1.25 Mbps during receive 

0.62 Mbps clock noise 

0.31 Mbps suppression 

(x: Noise width/I-bit cell width) 

Code 
Type No. Code 1 0 1 0 0 1 1 1 Oland 0 Levels 

NRZ 1 

2 

FM 

2 

3 

NRZ -L- 1: High level 

0: Low level 

I 
-

, 

I H I I I ~ 
1: Level unchanges 

= ~ 0: Level changes (level change 

when 0) 

FMO 1: Level changes 

at start of bit cell 

0: Level changes at start 

and center of bit cell 

FMl 1: Level changes at start 

and center of bit cell 

0: Level changes at the 

start of bi t cell 

Manchester 1: Level changes from 1 to 

o at center of bit cell 

0: Level changes from 0 

to 1 at center of bit cell 

Figure 4-37. Transmission Codes Supported by the ADPLL and 

Their Waveforms 
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4.5.2 Operation 

The ADPLL has two main functions: (1) extracting clock components from the noise-suppressed 

receive data, and (2) suppressing receive clock noise. 

Extracting Clock Components from Receive Data 

Figure 4-38 shows the flow of receive data and the ADPLL operating clock signals when clock 

extraction is performed. Either the receive baud rate generator output from clock line 1 or the external 

clock (RXCM line input) from clock line 2 can be used as the ADPLL clock. 

Receive data ••••••• ~ 

Clock line 1 

j Receive BRG 
ADPll . oulpul (;Iock line 2 
operaling clock Exlernal clock 1Il ••• iBI~ 

(RXCM fine inpul) 

• •• ~Receive data with 
noise suppressed 

_ Receive data 

_ ADPLL operating clock 

~ Receive clock 

Figure 4·38. Data Flow and Clocks When Extracting Clock 

from Receive Data 

CD The receive data is sent to the receive data noise suppressor. 

@ The noise-suppressed receive data is output to the clock extractor and data delay unit. 

(3) The noise-suppressed receive data is phase, matched with the extracted clock and output from the 

data delay unit. 

@ The clock extractor extracts clock components from the noise-suppressed receive data and outputs 

the resulting clock. 

® The ADPLL operating clock (the receive baud rate generator output or external clock) passes 

through the multiplexor and is supplied to the clock extractor, receive data noise suppressor and data 

delay unit. 
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When the noise-suppressed receive data and extracted clock are output, their phases are matched using 

the ADPLL phase compensation function. Phase compensation timing for the NRZ code and FMO 

code receive data is shown in figures 4-39 and 4-40. 

The noise-suppressed receive data input to the receive data noise suppressor is output to the data delay 

unit and clock extractor. The ADPLL samples the noise-suppressed receive data on the leading edge of 

the ADPLL operating clock and performs clock extraction. 

The phases of the receive data and extracted clock are compared at level change points (Ts, TS-l, TS-2) 

in the receive data output from the data delay unit. If there is a skew between the two phases, the 

extracted clock cycle is lengthened or shortened by one ADPLL operating clock cycle. In the 

examples shown in figures 4-39 and 4-40 (operating mode x8), this synchronization can be established 

within a maximum of four change points. (For FM type codes (FMO, PM 1 and Manchester), 

synchronization can be established with one level change by issuing the enter search mode command.) 

The relationship between the extracted clock and the receive data bit cell differs depending on the 

receive data code. For NRZ and NRZI codes, the leading edge of the extracted clock is located at the 

mid point of the data bit cell widlh output from the data delay unit. For PMO, PM I, and Manchester 

codes, the leading edge of the extracted clock is located at the 1/4 point of the data bit cell width output 

from the data delay unit. This applies also to operating modes x16 and x32 with the difference that the 

maximum number of level changes required for synchronization is 8 and 16, respectively. 

ADPLL operallng clock 
(Operating _: x 8) 

.' 
TI 

Tal2 

R_data ~r------~--L-________ ~------:-~~ ____ ~ 
Exlrar:tedclock ------L------1----~--__ _F----_L----~--~~ 
_ dala Iynclvonlzed with I \ I L 
lh8 extracted clock Ts-z 1 .... 1 TI ra 

TB: One receive data bit tiine 
Tc: One ADPLL operating clock cycle 
To: Delay time between the receive data input to the ADPLL and the receive data after passing the noise 

suppressor and data delay unit 
TS-l and Ts-z: Receive data transitions after noise suppression 
Ts: Synchronized transitions of noise-suppressed receive data after noise suppression 

Figure 4·39. NRZ Receive Data Phase Compensation in Operating Mode x8 
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AOPLL oper.Hng clock 
(OporaUng mode: x 8) 

Receive data 

Extracted clock 

ReceiVedalasynch"'nlzedwllhl _____ ---:;[I------~J.\---.J---J\~--.J---~L 
~~- ~ _ D D 

To: One receive data bit time 
Tc: One ADPLL operating clock cycle 
To: Delay time between the receive data input to the ADPLL and the receive data after passing the noise 

suppressor and data delay unit 
TS-1 and TS-2: Receive data level transitions after noise suppression 
rs: Synchronized transitions of noise-suppressed receive data after noise suppression 

Figure 4·40. FMO Receive Data Phase Compensation in Operating Mode x8 

The receive data noise suppression timing in the noise suppressor is shown in figure 4-41. NRZ code 

receive data is used in this example. The same basic timing also applies, however, to other codes. 

The receive data is sampled at the rising edge of the ADPLL clock. In operation mode X8, receive data 

that can be sampled twice in succession is considered valid data. (Data sampled three times in 

succession in operation mode x16 and five times in succession in operation mode x32 is considered 

valid.) All other sampled data is suppressed as noise. 

<D, ®, and @ in the figure correspond to "ON", "OFF" and "Undefined" in No.4 of table 4-10 "ADPLL 

Specifications." The noise shown in @ cannot be sampled twice in succession and is suppressed as 

noise. 

Tc: 
To: 

One ADPLL clock cycle 
Delay time between the receive data input to the ADPLL and the receive data after passing through the 
noise suppressor and data delay unit 
Receive data sampling points. The receive data is sampled at the rising edge of the ADPLL clock. 

Figure 4·41. Noise Suppression in the Receive Data Noise Suppressor in Operating Mode x8 
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Suppressing Receive Clock Noise 

Figure 4-42 shows the flow of receive data, the ADPLL operating clock and receive clock signals 

when noise suppression is performed. 

Receive data 

ADPLL operating clock 1II11111111111111t>! 
(Receive BnG oulpull 

neceive clock 
(RXCM line inpul) ~~~ 

(For receive data) 
• ......... Noise suppressed 

receive data 

Clock exlractor 

~~~~~~~~~~~ Noise suppressed 
F receive clock 

(For receive clock) 

.... Receive data 

~ ADPLL operating clock 

~ Receive clock 

Figure 4·42. Data and Clock Signal Flow When Suppressing Receive Clock Noise 

To suppress signal noise, the ADPLL operates as follows: 

CD The receive data is sent to the receive data noise suppressor for noise suppression. 

® The ADPLL operating clock is supplied to the receive data noise suppressor and to the receive 

clock noise suppressor via the multiplexor. 

@ The receive clock is input to the receive clock noise suppressor. 
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Noise suppression timing in the receive clock noise suppressor is shown in figure 4-43. In this 

example, operation mode x8 is used. The same basic timing applies to other modes with the only 

difference being the number of consecutive sampling times. The receive clock is sampled at the rising 

edge of the ADPLL clock. In opemtion mode x8, receive data sampled twice in succession is 

considered valid. (Data is also considered valid when sampled three times in succession in operation 

mode x16 and five times in succession in operation mode x32.) All other sampled data is suppressed 

as noise.* 

(j) and ® in the figure correspond to "ON" and "OFF" in No.5 of table 4-10 "ADPLL Specifications." 

Receive data noise suppression is performed as described in "Extracting Clock Component from the 

Receive Data" above. 

• If noise occurs around the leading or falling edges of the receive clock, the leading or falling edges of the noise­

suppressed receive clock may be shifted forward or back. The maximum shift widths in X8, X16 and X32 modes are 

2, 3, and 5 ADPLL operating clock cycles, respectively. 

AOPLL operating clock 
(Operating mode x 8) 

Receive clock 

NOise-SuPpressed 
leeerll cbck 

Toc: Delay time between the input receive clock and the receive clock after passing through the noise 

suppressor. 

Figure 4-43. Noise Suppression in the Receive Clock Noise Suppressor 
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4.5.3 Precautions for Using the ADPLL 

By issuing an enter search mode command. FM-coded receive data can be synchronized after only one 

transition. This command is effective in all operating modes (x8. X16. or x32). 

When issuing an enter search mode command. the following synchronize patterns are recommended 

for each coding scheme: 

• FMO ..••....•.•.••... lllll11l 

• FMl. ••.••.•.••..•••• OOOOOOOO 

• Manchester ...... lOlOlOlO 

The ADPLL needs the following precaution. 

4.5.4 Precaution 

When the MSCI receives continuous frames of the FM type code (FMO, FMl or Manchester) serial 

data in the byte or bit synchronous mode, if the continuous frames are out of phase to each other, the 

enter search mode command must be generated between these frames to synchronize during the idle 

state. 

The timing chart is shown below. 

Idle state 

Receive data previous frame 

1 
next frame 

The enter search mode command must be generated. 

Figure 4-44. The Enter Search Mode Command Timing between Continuous Frames 
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4.5.5 Detailed Description 

The table shown below is the maximum of level transitions necessary for synchronization of the 

receive data. 

Table 4-11. Maximum of Level Transitions 

Code type Operating mode Specification 

NRZ x8 4 level transitions 

x16 8 level transitions 

x32 16 level transitions 

Normal mode x8 4 level transitions 

x16 8 level transitions 

x32 16 level transitions 

Search mode 1 level transition 

Note the following restriction concerned with the table 4-11. 

Restriction 

The specification of the normal mode in FM type code on the table 4-11. is effective only when the 

receive data is synchronized by the enter search mode command. 

At FM type code, the phase of the receive data is adjusted by the level transitions in the specific 

window of the bit cell. The window defines the phase adjustment timing (the level transition at start or 

center of the bit cell). 

Therefore, the restriction above is needed. 

The table shown below is the phase adjustment of the ADPLL. 

Table 4-12. The Phase Adjustment of the ADPLL 

Code type 

NRZ, NRZI 

FMO, FMI 

Manchester 

Level transition 
of the receive data 

From bit boundary to (1I2)TB 

From (1I2)TB to bit boundary 

From bit boundary to (1I4)TB 

From (3/4)TB to bit boundary 

Other than above 

From (1I2)TB to (3/4)TB 

From (1I4)TB to (1I2)TB 

Other than above 
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Phase adjustment 

Delay phase by one ADPLL operating clock 

Advance phase by one ADPLL operating clock 

Delay phase by one ADPLL operating clock 

Advance phase by one ADPLL operating clock 

No phase adjustment 

Delay phase by one ADPLL operating clock 

Advance phase by one ADPLL operating clock 

No phase adjustment 



I:" oycle fun< ."h. """~ .... cr8l.1 

----,I Ir---
t t , t 

bit (1/4)TIl (l!2)TIl (3/4)Tn 
boundary 

, 
hit 
boundary 

4.5.6 Examples of Generating the Enter Search Mode Command 

Examples of generating the enter search mode command between continuous frames are as follows. 

Example 1. 

Add an external circuit for detecting 'Logical High' state of the line during the idle state. This circuit 

notifies the logical high state to HD64180S by the HD64180S external interrupt. HD64180S generates 

the enter search mode command during the interrupt processing routine. 

Example 2. 

Add an external circuit for detecting the carrier of the next frame. This circuit notifies the sarrier 

detection to HD64180S by the DH64180S external interrupt. HD64180S generates the enter search mode 

command'during the interrupt processing routine. 

4.6 Baud Rate Generator 

4.6.1 Overview 

The MSCI has an internal baud rate generator (BRG) which is used to generate the MSCI 

transmit/receive clock. The BRG has the following main features: 

- Output clock frequency range: fl2l to fl2l/217 (217 = 131,072) 
(fl2l: CPU clock frequency)*1 

- Frequency accuracy within iO.5% for any frequency range from fl2l/1oo to fl2l/217*2. 

*1 When ffiRG = ftll. the BRG output cannot be obtained from the TXDM and RXDM lines. 

*2 If-ffiRGIS 
SO 

--=-------~--~--(%) 
Time constant register value 
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Where, f is the target frequency and fBRO is the BRG output frequency set to the closest f value. (fill ~ f 

~ fl1ll7)1) 

Independent transmit and receive frequencies can be specified as the nth power of2 (where n is a 

positive integer). 

Figure 4-45 shows the block diagram of the baud rate generator. 

BRG 

8 

TMC 

MSCltime 

constant 

register (MTMC) 

MSCI RX clock'source register 

RXBR (MRXS) 

10 Receive BRG 1/20~1/2'7 BRG output 

Transmit BRG 1/2o~1/2'7 

TXBR 

MSCI TX clock source register 
(MTXS) 

(for receive) 

BRGoutput 

(for transmit) 

(~ : CPU clock J 

Figure 4-45. Block Diagram of the Baud Rate Generator 

4.6.2 Functions 

The MSCI baud rate generator clock is selected using the TMC7-O bits in the MSCI time constant 

register (MTMC), the TXBR3-O bits of the MSCI TX clock source register (MTXS), and the RXBR3-0 

bits of the RX clock source register (MRXS). 

MTMC is an 8-bit register for specifying the value to be loaded into the reload timer within the baud 

rate generator. The reload timer is decremented based on the CPU clock 111, and the timer outputs a 

high level signal for one clock cycle each time the reload timer value equals 1. Thus, a high level 

signal is output once each time the number of CPU clock cycles specified in the TMC7-0 bits bf 

MTMC elapses, as shown in figure 4-46. When 0 is specified, 256 is assumed, and when 1 is 

specified, this output will be the same as the CPU clock frequency. 
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i'<-I< ------TMC7-0 bit values -----~1 

Reload timer J 
output 

Figure 4-46. Reload Timer Output 

L 

The reload timer output is input to a frequency divider. The transmit frequency division ratio is 

specified by the TXBR3-0 bits in the MTXS register and the receive frequency division ratio by the 

RXBR3-0 bits in the MRXS register. 

In addition, the TXCS2-0 bits of the MTXS register and the RXCS2-0 bits of the MRXS register are 

used to specify whether or not to enable the output clock for the MSCI transmitter and receiver, 

respectively. The BRG output can be used for the transmit/receive clock or to the ADPLL operating 

clock. For details about these specifications, see sections 4.2.4 "MSCI Control Register," 4.2.5 "MSCI 

RX Clock Source Register," and 4.2.6 "MSCI TX Clock Source Register." 

The relationship between the register set value and the generated clock frequency is given below. 

fill 
fBRG = __ + 2BR 

TMC 

fBRG: Frequency of the transmit (or receive) BRG output 

fill: CPU clock frequency (Frequency fill = fBRG can be used only as the ADPLL operating 

clock) 

TMC: Tune constant register set value (1-256) 

BR: Value (0-9) of TXBR3-0 bits in the TX clock source register or RXBR3-0 bits in the 

RX clock source register 

Table 4-13 gives clock widths and duty cycles (pulse width to pulse frequency) for BRG output clock 

waveforms along with the corresponding register set values. 
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Thble 4-13. BRG Output Waveform and Register Set Values 

BRSetValue 

BR = 1 - 9 Duty cycle = 50% 

BR=Oand 

TMC¢l 

BR=Oand 

TMC=l 

l,------, 

Duty cycle = 50% when TMC = 2 

Duty cycl~ ¢ 50% when TMC ¢ 2 

Duty cycle = 50% 

Pulse width is 1 CPU clock cycle 

Waveform 

BR: Value of bits 3-0 in the TX (RX) clock source register 

TMC: Value of bits 7-0 in the time constant register 

4.6.3 Register Set Values and Bit Rates 

• Asynchronous mode 

L 
Pulse width is 1 CPU clock cycle. 

1 CPU clock 
cycle 

1 CPU clock 
cycle 

In asynchronous mode, the bit rate is selected using TMC7-O bits in the MSCI time constant register 

(MTMC), the TXBR3-0 bits of the MSCI TX clock source register (MTXS), the RXBR3-0 bits of the 

MSCI RX clock source register (MRXS), and the BRATE7-6 bits of MSCI mode register 1 (MMDl). 

Thble 4-14 shows the relationship between the register set values and bit rates . 
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Table 4-14. Register Values and Bit Rates in Asynchronous Mode 

f~(MHz) 

Bit Rate 1.7898 2.4576 

(bps) TMC BR CM Deviation (%) TMC BR CM Deviation (%) 

38400 1 1 1/32 0.00 

19200 1 1 1/64 0.00 

9600 1 2 1/64 0.00 

4800 1 3 1/64 0.00 

2400 47 0 1/16 -0.83 1 4 1/64 0.00 

1200 93 0 1/16 -0.25 1 5 1/64 0.00 

600 93 0 1/32 -0.25 1 6 1/64 0.00 

300 93 0 1/64 -0.25 1 7 1/64 0.00 

150 93 1 1/64 -0.25 1 8 1/64 0.00 

110 127 1 1/64 0.10 175 1 1/64 -0.25 

f~(MHz) 

Bit Rate 3.072 4 

(bps) TMC BR CM Deviation (%) TMC BR CM Deviation (%) 

38400 5 0 1/16 0.00 

19200 5 0 1/32 0.00 13 0 1/16 0.16 

9600 5 0 1/64 0.00 13 0 1/32 0.16 

4800 5 1 1/64 0.00 13 0 1/64 0.16 

2400 5 2 1/64 0.00 13 1 1/64 0.16 

1200 5 3 1/64 0.00 13 2 1/64 0.16 

600 5 4 1/64 0.00 13 3 1/64 0.16 

300 5 5 1/64 0.00 13 4 1/64 0.16 

150 5 6 1/64 0.00 13 5 1/64 0.16 

110 109 2 1/64 0.08 71 3 1/64 0.03 

TMC: Value of the TMC7-0 bits in the MSCI time constant register (in decimal) 

BR: Value of the TXBR3-0 bits in the MSCI TX clock source register or value of the RXBR3-0 bits 

in the MSCI RX clock source register 

CM: Clock mode in asynchronous mode (bit rate/clock frequency) 
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Thble 4-14. Register Values and Bit Rates in Asynchronous Mode (cont.) 

f(ll (MHz) 

Bit Rate 4.608 4.9152 
(. 

(bps) TMC BR CM Deviation (%) TMC BR CM Deviation (%) 

38400 1 1 1/64 0.00 

19200 15 0 1/16 0.00 2 1/64 0.00 

9600 15 0 1/32 0.00 1 3 1/64 0.00 

4800 15 0 1/64 0.00 1 4 1/64 0.00 

2400 15 1 1/64 0.00 1 5 1/64 0.00 

1200 15 2 1/64 0.00 1 6 1/64 0.00 

600 15 3 1/64 0.00 1 7 1/64 0.00 

300 15 4 1/64 0.00 1 8 1/64 0.00 

150 15 5 1/64 0.00 1 9 1/64 0.00 

110 41 4 1/64 -0.22 175 2 1/64 -0.25 

ff6 (MHz) 

Bit Rate 6 6.144 

(bps) TMC BR CM Deviation (%) TMC BR CM Deviation (%) 

38400 5 0 1/32 0.00 

19200 5 0 1/64 0.00 

9600 39 0 1/16 0.16 5 1 1/64 0.00 

4800 39 0 1/32 0.16 5 2 1/64 0.00 

2400 39 0 1/64 0.16 5 3 1/64 0.00 

1200 39 1/64 0.16 5 4 1/64 0.00 

600 39 2 1/64 0.16 5 5 1/64 0.00 

300 39 3 1/64 0.16 5 6 1/64 0.00 

150 39 4 1/64 0.16 5 7 1/64 0.00 

110 213 2 1/64 0.03 109 3 1/64 0.08 

TMC: Value of the TMC7-O bits in the MSCI time constant register (in decimal) 

BR: Value of the TXBR3-0 bits in the MSCI TX clock source register or value of the RXBR3-0 bits 

in the MSCI RX clock source register 

CM: Clock mode in asynchronous mode (bit rate/clock frequency) 
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Table 4-14. Register Values and Bit Rates in Asynchronous Mode (cont.) 

r_(MHz) 

Bit Rate 8 9.216 
(bps) TMC BR CM Deviation (%) TMC BR CM Deviation (%) 

38400 13 0 1/16 0.16 15 0 1/16 0.00 

19200 13 0 1/32 0.16 15 0 1/32 0.00 

9600 13 0 ·1/64 0.16 15 0 1/64 0.00 

4800 13 1 1/64 0.16 15 1 1/64 0.00 

2400 13 2 1/64 0.16 15 2 1/64 0.00 

1200 13 3 1/64 0.16 15 3 1/64 0.00 

600 13 4 1/64 0.16 15 4 1/64 0.00 

300 13 5 1/64 0.16 15 5 1/64 0.00 

150 13 6 1/64 0.16 15 6 1/64 0.00 

110 71 4 1/64 0.03 41 5 1/64 -0.22 

r_(MHz) 

Bit Rate 9.8304 10 
(bps) TMC BR CM Deviation (%) TMC BR CM Deviation (%) 

38400 2 1 1/64 0.00 

19200 2 2 1/64 0.00 

9600 2 3 1/64 0.00 65 0 1/16 0.16 

4800 2 4 1/64 0.00 65 0 1/32 0.16 

2400 2 5 1/64 0.00 65 0 1/64 0.16 

1200 2 6 1/64 0.00 65 1 1/64 0.16 

600 2 7 1/64 0.00 65 2 1/64 0.16 

300 2 8 1/64 0.00 65 3 1/64 0.16 

150 2 9 1/64 0.00 65 4 1/64 0.16 

110 175 3 1/64 -0.25 89 4 1/64 -0.25 

TMC: Value of the TMC7-0 bits in the MSCI time constant register (in decimal) 

BR: Value of the TXBR3-0 bits in the MSCI TX clock source register or value of the RXBR3-0 bits 

in the MSCI RX clock source register 

CM: Clock mode in asynchronous mode (bit rate/clock frequency) 
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Table 4-14. Register Values and Bit Rates in Asynchronous Mode (cont.) 

f~(MHz) , 

Bit Rate 12* 
(bps) TMC BR CM Deviation (%) 

38400 

19200 39 0 1/16 0.16 

9600 39 0 1/32 0.16 

4800 39 0 1/64 0.16 

2400 39 1 1/64 0.16 

1200 39 2 1/64 0.16 

600 39 3 1/64 '0.16 

300 39 4 1/64 0.16 

150 39 5 1/64 0.16 

110 213 3 1/64 0.03 

TMC: Value of the TMC7-O bits in the MSCI time constant register (in decimal) 

BR: Value of the TXBR3-0 bits in the MSCI TX clock source register or value of the RXBR3-0 bits 

in the MSCI RX clock source register 

CM: Clock mode in asynchronous mode (bit rate/clock frequency) 

* The values for fill = 12 MHz are given for reference purposes. 

• BytelBit synchronous mode 

In byte or bit synchronous mode, the bit rate is selected using the TMC7-0 bits of the MSCI time 

constant register (MTMC), the TXBR3-0 bits of the MSCl TX clock source register (MTXS), and the 

RXBR3-0 bits of the MSCI RX clock source register (MRXS). 

Thble 4-15 shows the register set values and the corresponding bit rates. 
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1itble 4-15. Register Set Values and Bit Rates (Byte/Bit Synchronous Mode) 

r.(MHz) 

Bit Rate 2.4576 3.072 4 

(bps) TMC BR Deviation (%) TMC BR Deviation (%) TMC BR Deviation (%) 

38400 32 1 0.00 40 1 0.00 52 1 0.16 
19200 32 2 0.00 40 2 0.00 52 2 0.16 

9600 32 3 0.00 40 3 0.00 52 3 0.16 

4800 32 4 0.00 40 4 0.00 52 4 0.16 

2400 32 5 0.00 40 5 0.00 52 5 0.16 

1200 32 6 0.00 40 6 0.00 52 6 0.16 

600 32 7 0.00 40 7 0.00 52 7 0.16 

300 32 8 0.00 40 8 0.00 52 8 0.16 

r.(MHz) 

Bit Rate 4.608 4.9152 6 

(bps) TMC BR Deviation (% ) TMC BR Deviation (%) TMC BR Deviation (%) 

38400 60 1 0.00 64 1· 0.00 78 1 0.16 

19200 60 2 0.00 64 2 0.00 78 2 0.16 

9600 60 3 0.00 64 3 0.00 78 3 0.16 

4800 60 4 0.00 64 4 0.00 78 4 0.16 

2400 60 5 0.00 64 5 0.00 78 5 0.16 

1200 60 6 0.00 64 6 0.00 78 6 0.16 

600 60 7 0.00 64 7 0.00 78 7 0.16 

300 60 8 0.00 64 8 0.00 78 8 0.16 

TMC: Value of the TMC7-0 bits in the MSCI time constant register (in decimal) 

BR: Value of the TXBR3-0 bits in the MSCI TX clock source register or value of the RXBR3-0 bits 

in the MSCI RX clock source register 
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Thble 4-15. Register Set Values and Bit Rates (Byte/Bit Synchronous Mode) (cont.) 

r~(MHz) 

Bit Rate 6.144 8 9.216 
(bps) TMC BR Deviation(%) TMC BR Deviation (%) TMC BR Deviation (%) 

38400 80 1 0.00 104 1 0.16 120 1 0 

19200 80 2 0.00 104 2 0.16 120 2 0 

9600 80 3 0.00 104 3 0.16 120 3 0 

4800 80 4 0.00 104 4 0.16 120 4 0 

2400 80 5 0.00 104 5 0.16 120 5 0 

1200 80 6 0.00 104 6 0.16 120 6 0 

600 80 7 0.00 104 7 0.16 120 7 0 

300 80 8 0.00 104 8 0.16 120 8 0 

r.(MHz) 

Bit Rate 9.8304 10 12* 

(bps) TMC BR Deviation (% ) TMC BR Deviation (%) TMC BR Deviation (%) 

38400 128 1 0 130 1 0.16 156 1 0.16 

19200 128 2 0 130 2 0.16 156 2 0.16 

9600 128 3 0 130 3 0.16 156 3 0.16 

4800 128 4 0 130 4 0.16 156 4 0.16 

2400 128 5 0 130 5 0.16 156 5 0.16 

1200 128 6 0 130 6 0.16 156 6 0.16 

600 128 7 0 130 7 0.16 156 7 0.16 

300 128 8 0 130 8 0.16 156 8 0.16 

TMC: Value of the TMC7-O bits in the MSCI time constant register (in decimal) 

BR: Value of the TXBR3-0 bits in the MSCI TX clock source register or value of the RXBR3-0 bits 

in the MSCI RX clock source register 

... The values for fill = 12 MHz are given for reference purposes. 
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4.7 Internal Interrupts 

4.7.1 Interrupt Types and Sources 

The MSCI can issue four types of interrupt requests: TXRDY, RXRDY, TXINT, and RXINT. 

These interrupts are initiated by the status bits (bits 7, 6, 1, and 0) in MSTO and are enabled/disabled by 

the enable bits (bits 7, 6,1, and 0) in MIEO. 

The TXINT and RXINT internal interrupts are also assigned status bits and corresponding enable bits 

for each source. The status bit and its enable bit are ANDed for each interrupt source. The interrupt 

sources are indicated by the TXINT bit (bit 7) or RXINT bit (bit 6) in MSTO regardless of the 

TXINTE bit (bit 7) or RXINTE bit (bit 6) in MIEO. 

4.7.2 Interrupt Clear 

The methods for clearing each interrupt are given below. 

(1) TXRDY interrupt 

Write data to the transmit buffer until it becomes full, or disable the transmitter. This interrupt can 

also be cleared by a channel or TX reset cOmmlUld. 

(2) RXRDY interrupt 

Read data from the receive buffer until it becomes empty. This interrupt can also be cleared by a 

channel or RX reset command. 

(3) TXINT interrupt 

If 1 is written in each status bits, the interrupt is cleared. When the interrupt source is idle 

transmitter, TXINT can be cleared by writing transmit data to the transmit buffer. 

(4) RXINT interrupt 

If 1 is written in each status bits, the interrupt is cleared. 

When the interrupt source is a parity!MP or CRC error, the status bits ~an be reset by reading the 

receive data. In bit synchronous mode, when the last character to be transferred has been read from 

the receive buffer at completion of frame transfer, the MSCI status register 2 (MST2) bit values are 

transferred to the MSCI frame status register (MFSn, and MST2 is reset. Table 4-16 shows 

interrupt types, sources and methods of clearing. 
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Thble 4-16. Internal Interrupts, Their Sources and Clearing Methods 

Interrupt 

Interrupt Status Enable Interrupt Source Enable Clear 
Type Bit Bit Source Status Bit Bit Procedure*1 
TXRDY TXRDY TXRDYE Transmit ready Write to transmit 

interrupt buffer until it 

becomes full; or, 

disable transmitter. 

RXRDY RXRDY RXRDYE Receive ready Read data from 

interrupt receive buffer until 

it becomes empty. 

TXINT TXINT TXINTE (j) Underrun error UDRN UDRNE (j) @ Write 1 to 

interrupt status bits. 

C2> Transmitter idle IDL IDLE C2>Write 

@ crSM line level ccrs CcrSE transmit data to 

change exit other state. 

RXINT RXINT RXINTE (j) SYN pattern SYNCDI SYNCDEI Set the status bit to 

interrupt detection/flag FLOD FLODE 1. 

detection 

C2>DCDMline CDCD CDCDE PMP: Read the 

level change receive data thus 

@ Break start BRKDI BRKDE/ making next data 

detection/abort ABTDI ABIDEI available to be 

detection/GA GAPD GAPDE read. *2 

pattern detection 

@Breakstop BRKEI BRKEEI CRCE: 

detection/idle IDLD IDLDE Automatically 

start detection cleared when the 

@ Receive frame EOM*4 EOME CRC calculation 

end (MST2) result is normal. *3 

@ Parity or MP PMPI PMPEI 

bit = l/short SHRT*4 SHRTE 

frame detection 
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Thble 4-16. Internal Interrupts, Their Sources (cont.) 

Interrupt 

Interrupt Status Enable Interrupt Source Enable Clear 
Type Bit Bit Source Status Bit Bit Procedure*1 

RXINT RXINT RXINTE ~ Parity error/ PElABT*4 PEE/ABTE Set the status bit to 

interrupt abort end frame 1. 

detection 

® Framing error FRME/ FRMEEI PMP: Read the 

detection/residue RBIT*4 RBITE receive data thus 

bit frame detection making next data 

®Overrun OVRN*4 OVRNE available to be 

error read. *2 

~CRCerror CRCE*4 CRCEE 
I!i) Receive frame EOMF EOMFE CRCE: 

end (MFSn Automatically 

cleared when the 

CRC calculation 

result is normal. *3 

* 1 The RXINT interrupt source can also be cleared by issuing a channel or RX reset command. The TXRDY and TXINT 

interrupt sources can also be cleared by issuing a channel reset or TX reset command. 

'*2 While the parity/MP bit of the next data is 0, this is cleared when the RXRDY bit is set to 1 after a read (when the next 

data is available to be read). 

*3 CRC calculation results can be read from CRCE bit when the CRCCC bit of MSCI mode register 0 is 1. For details of 

CRCE bit timing, see "ElTOr Check" in section 4.3.2 "Byte Synchronous Mode" and "EITOr Check" in section 4.3.3 "Bit 

Synchronous~" 

*4 When the last chamcter has been read from the receive buffer at completion of receive frame transfer, the MSCI status 

register 2 (MST2) bit values are transferred to the MSCI frame status register (MFS1) and MST2 is reset. 
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4.7.3 Interrupt Enable Conditions 

The conditions for the TXRDY, RXRDY, TXINT, and RXINT interrupt requests are listed below. 

(1) TXRDY interrupt request condition 

TXRDY : TXRDY·TXRDYE 

(2) RXRDY interrupt request condition 

RXRDY : RXRDY·.RXRDYE 

(3) TXINT interrupt request conditi9n 

TXINT : TXINT·TXINTE 

where TXINT = UDRN·UDRNE + IDL·IDLE + CCTS·CcrSE 

(4) RXINT interrupt request condition 

RXINT: RXINT·RXINTE 

where RXINT = (SYNCD/FLGD)·(SYNCDE/FLGDE) + CDCD·CDCDE 

+ (BRKD/ABTD/GAPD)·(BRKDE/ABTDE/GAPDE) 

+ (BRKElIDLD)-(BRKEElIDLDE) + EOM • EOME 

+ (pMP/SHRT)-(PMPE/SHRTE) + (PE/ABT)-(PEE/ABTE) 

+ (FRME/RBIT)-(FRMEE/RBlTE) + OVRN-OVRNE 

+ CRCE-CRCEE + EOMF-EOMFE 

Figure 4-47 shows the logic flow for interrupt requests, and the status and enable bits of each register. 
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RXRDY Interrupt request 

MSCI interrupt enable register 0 
(MIEO) 

Figure 4-47. Logic Flow for Interrupt Requests, Status and Enable Bits 

HITACHI 245 



4.8. Application Examples 

4.8.1 Serial Data Transfer by the CPU and DMAC 

Transferring Transmit Data 

• Polling 

The CPU detennines the transfer buffer write timing by monitoring the TXRDY bit of MSTO. The 

TXRDY interrupt must be disabled. 

• Interrupts 

The CPU transfers data to the transmit buffer when a TXRDY interrupt is issued. The TXRDY 

interrupt is issued by setting the TXRDYE bit to 1 during the TX ready state (specified by the 

TXRDYC bit in MCTL). At this time. the on-chip DMAC must be disabled for transfer requests. 

• DMA transfer 

The on-chip DMAC controls data write to the transmit buffer using the DMA transfer request signal. 

This signal is asserted when the TXRDY bit is set. The TXRDYC bit must be 1 and the TXRDY 

interrupt must be disabled. 

Transferring Receive Data 

• Polling 

The CPU determines the receive buffer data read timing by monitoring the RXRDY bit in MSTO. 

The RXRDY interrupt must be disabled. 

• Interrupts 

The CPU transfers data to the receive buffer when an RXRDY interrupt is issued. The RXRDY 

interrupt can be enabled by setting the RXRDYE bit to 1. The on-chip DMAC must be disabled for 

transfer requests. 

• DMA transfer 

The on-chip DMAC controls data read from the receive buffer using the DMA transfer request 

.signal. This signal is asserted when the RXRDY bit is set. The RXRDY interrupt must be disabled. 
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4.S.2 Maximum Bit Rate 

Thble 4-17 lists the maximum bit rates for the MSCI assuming a CPU clock frequency (fI/J) = 10 MHz. 

When these bits rates are exceeded, normal data transfer is not guaranteed. 

Table 4-17. Maximum Bit Rates 

Maximum Bit Rate (bps) 

Clock Extraction 
Sampling Clock 

Clock 

Protocol Mode Mode 

Asynchronous 1/64 

1/32 

1/16 

1/1 

Byte 1/1 
synchronous 

Bit synchronous 1/1 
(HDLC) mode 

Bit synchronous 1/1 
(loop) mode 

*1 flot + 2.5 x (clock mode) 

*2 fl6 + 1.4 x (clock mode) 

*3 flot + 2 x (clock mode) 

External 

Clock 

62.Sk*1 

12Sk*1 

2S0k*I 

4.0M*1 
*6 
*2 

7.1M*6 

*2 
7.1M*6 

*1 
4.0M*6 

*4 17.6 Mbps + (sampling clock rate) 

*5 flot + (sampling clock rate) 

BRG = Extemal*4 
xS xl6 

78.1k*3 

IS6.3k*:J -
312.5k*3 -
4.0M*1 

*3 
SM*6 2.2M l.lM 

*3 
SM*6 2.2M 1.lM 

4.0M*1 2.2M 1.lM 

This is the same as the maximum rate for receive clock noise suppression. 

*6 See ·Supplementary Explanation." 

Supplementary Explanation 

x32 

O.SM 

O.sM 

O.SM 

Sampling Clock 

=BRG*s 

X8 xl6 X32 

1.2SM O.62M O.31M 

1.2SM O.62M O.31M 

1.2SM O.62M O.31M 

(Iol clock (flol) = 10 MHz) 

The above table gives the maximum frequencies available when the transmitter and receiver are 

operating independently. In the configuration shown in figure 4-48, the maximum bit rates will be 

lower than those listed in the table. 
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Oscillator 

TXCM ' I RXCM 

TXDM RXDM 
( 

HD64180S HD64180S 

Figure 4-48. TransmissionlReception Between HD64180S Chips 

In the 1/1 clock mode, transmit data becomes stable after delay time trDDIM from the trailing edge of the 

input clock. 

The receiver samples data at the leading edge of the input clock. The minimum low level time of the 

input clock is: 

tL = trDDlM + tRDslM 

where, tRDslM is the receiver set-up time. 

In the configuration shown in figure 4-48 the maximum frequency that can be used with this low-level 

width becomes the maximum bit rate. 

Input clock (TXCM) 
(RXCM) 

Transmit data (TXDM) 
(RXDM) 

tL---1 

troolM tRDS1M 

Figure 4-49. Input Clock and Transmit Data 
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For example, when tmDlM = 310 ns and tRoS1M = 90 ns, the low level time of the clock is: 

tL = 310 ns + 90 ns = 400 ns 

If the duty ratio of this clock is 50%, the clock frequency is: 

400 ns + 400 ns = 800 ns 

Therefore, the maximum bit rate is: 

1 
-- = 1.25 Mbps 
800ns 

Accordingly, in the configuration shown in figure 4-48, to operate at the maximum bit rate in III clock 

mode, an external circuit must be provided to delay TXDM and to fix the level of TXD at the leading 

edge of TXC. 

4.8.3 Example of Transmit by Programmed I/O (Bi.sync Mode) 

(1) Initialization 

MCMD +- 21H .............................. oo Channel reset 

MMDO +- 44H .............................. oo Sets bi-sync mode 
@ Inhibits auto-enable 

® Sets CRC-16 and initializes to all Os 

MMD2 +- OOH .............................. oo Sets NRZ code 
@ Sets full duplex mode 

MCTL +- IIH .............................. 00 TXRDY bit = 1 when transmit buffer is empty 
@ Specifies idle pattern transmission 

MTXS 

MIEO 

MIEI 

MSAO 

® Sets RTSM line high level output 

+- OOH .............................. oo Specifies transmit clock TXCM line input 

+- 82H .............................. oo Enables TXINT interrupts 
@ Enables TXRDY interrupts 

+- 80H .............................. oo Enables underrun interrupts 

+- 16H .............................. oo Sets SYN character 
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MSA1 to- 16H............... . ........... (1) Sets SYN character 

MIDL to- XXH ............................ (1) Sets leading pad or SYN character 

MCMD to- 02H .............................. (1) Enables transmit 

MTRB to- Transmit data 

250 HITACHI 

Transmits leading pad, then SYN character, then the transmit 

data. 

MCMD: MSCI command register 

MMDO: MSCI mode register 0 

MMD2: MSCI mode register 2 

MCTL: MSCI control register 

MTXS: MSCI TX clock source register 

MIEO: MSCI interrupt enable register 0 

MIE1: MSCI interrupt enable register 1 

MSAO: MSCI sync/address register 0 

MSA1: MSCI sync/address register 1 

MIDL: MSCI idle pattern register 



(2) Transmit processing routine 

• TXRDY interrupt processing routine 

Load memory data 
toACC 

NO 

Write ACC data to 
MTRB and transmit 

Issue EI instruction 

Issue EOM 
(MCMO+- 00001100) 

Issue EOM 
(MCMO .... 00000110) 

Wr~e ACC data 
(ETX) to MTRB and 
transmit 

Issue TX disable 
command 
(MCMD~00000011) 

[ 

ACC : Accumulator 1 
MCMO: MSCI command register 
MTRB: MSCI TXlRX buffer register 
EOM : End of message command 
ETX : Control character (end of text) 
ETB : Control character (end of block) 
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• TXINT intem1pt processing routine 

( START ) 

I 
Read MST1 

(ACe 4-MST1) 

I 
Clear interrupt 
source bit 
(MST1 +-ACe) 

I 
Analyze Interrupt 
source 

I 
Interrupt processing 

I 
Issue EI instruction 

I 
( RETURN 

[ ACC : Accumulator ] 
MST1: MSCI status register 1 
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4.8.4 Example of Receive by Programmed 110 (Bi-sync Mode) 

(1) Initialization 

MCMD +- 21H.............................. (j) Channel reset 

MMDO +- 44H .............................. (j) Sets bi-sync mode 
@ Inhibits auto-enable 

@ Sets CRC-16 and initialization to aliOs 

MMD2 +- OOH.............................. (j) Sets NRZ code 

MCI'L +-

MRXS +-

MIEO +-

MIE1 +-

MIE2 +-

MSAO +-

MSA1 +-

MCMD +-

@ Sets full duplex mode 

05H.............................. (j) Specifies SYN character load 

OOH .............................. (j) Specifies receive clock RXCM input line 

41H .............................. (j) Enables RXINT interrupts 
@ Enables R.XRDY interrupts 

10H .............................. (j) Enables SYNCD interrupts 

08H.............................. (j) Enables overrun intelTUpts 

16H.............................. (j) Sets SYN character 

16H .............................. (j) Sets SYN character 

12H .............................. (j) Enables receive 

MCMD: MSCI command register 

MMDO: MSCI mode register 0 

MMD2: MSCI mode register 2 

McrL: MSCI control register 

MRXS: MSCI R.X clock source register 

MIEO: MSCI interrupt enable register 0 

MlE1: MSCI intelTUpt enable register 1 

MIE2: MSCI intelTUpt enable register 2 

MSAO: MSCI sync/address register 0 

MSA1: MSCI sync/address register 1 
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(2) Receive processing routine 

• RXRDY interrupt processing routine. 

254 HITACHI 

LoadMTRB 
contents to ACC 

Transfer ACC 
data to memory 

Load ACC contents 
(data) to B register 

Issue EI Instruction 

YES 

IssueRXCRC 
calculation forcing 
command 
(MCMO +-00011000) 

Wait for 15 system 
clock cycles 

Read MST2 contents 
to memory 

Issue message 
reject command 
(MCMO +- 00010101 

ACC : Accumulator 
MTRB: MSCI TXlAX buffer register 
MCMO: MSCI command register 
MST2 : MSCI status register 2 
EOM End of message command 
ETX : Control character (end of text) 
ETB : Control character (end of block) 



• RXINT interrupt processing routine 

C START 

I 
Read MST1 and MST2 
(ACC+ MST1,2) 

I 
Clear interrupt source 
bit (MST2+ ACC, 
MST1+ ACC) 

I 
Analyze interrupt 
source 

1 
Interrupt processing 

I 
Issue EI instruction 

I 
( RElURN ) [

ACC : Accumulator ] 
MST1: MSCI status register 1 
MST2: MSCI status register 2 
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4.8.5 Example of Transmit in DMA Chained Block Transfer Mode (bit synchronous HDLC 

mode) 

• Initialization 

MCMD ~ 21H .............................. <D Channel reset 
MMDO ~ 87H .............................. <D Sets bit synchronous HOLC mode 

~ Sets CRC-CCITI, and initializes to allIs 

MMD2 ~ OOH .............................. <D Sets NRZ code 
~ Sets full duplex mode 

MCTL ~ 91H .............................. <D TXRDY bit = 1 when transmit buffer is not full 
<2l Specifies transmission of flag and idle 

a> Sets RTSM line high level output 

MTXS ~ OOH .............................. <D Specifies transmit clock TXCM line input 
MIEO ~ 80H .............................. <D Enables TXINT interrupt 
MIEl ~ 80H .............................. <D Enables underrun interrupt 
MIDL ~ XXH ............................ <D Sets leading pad or flag pattern (sets DMAC register) 
MCMD ~ 02H .............................. <D Enables transmit 

• TXINT interrupt processing routine 

....--- Underrun error 

[MST1 : MSCI status register 1] 

Note: An interrupt also occurs when the DMAC completes the transmission of a frame. 
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4.8.6 Example of Receive in DMA Chained Block Transfer Mode (bit synchronous HDLC 

mode) 

• Initialization 

MCMD +- 21H •••••••••••••••••• CD Channel reset 

MMDO +- 87H •••••••••••••••••• CD Sets bit synchronous HDLC mode 

® Sets CRC-CCIIT, initializes to all Is 

MMDI +- 40H •••••••••• •••••••• CD Sets single address 1 

MMD2 +- ooH •••••••••••••••••• CD Sets NRZ code 

® Sets full duplex mode 

MCfL +- om •••••••••••••••••• CD Specifies FCS no-load 

MRXS +- ooH .................. CD Specifies receive clock RXCM input 

MIEO +- 40H •••••••••••••••••• CD Enables RXINT interrupt 

MIEI +- 03H .............. .... CD Enables abort detection interrupt 

® Enables idle detection interrupt 

MSAO +- XXH .................. CD Secondary station address 
(Sets DMAC register) 

MCMD +- 02H .................. CD Enables receive 

• RXINT interrupt processing routine 

+--- Abort or idle detection '-----.-----

Read MST1 and MST2 

Analyze interrupt source 

Clear interrupt source bit 

Interrupt processing (Issue EI instruction) 

[ MST1 : MSCI status register 1 ] 
MST2 : MSCI status register 2 

Note: An interrupt is also generated when the DMAC completes the reception of a frame. 
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4.9 Reset Operation 

The M~CI is reset to the following condition: 

(1) The receiver and transmitter are disabled, and the transmit/receive buffers are cleared. 

(2) The input/output lines (RXCM and TXCM) are set for input, and the output lines (TXDM and 

RTSM) are placed in inactive. 

(3) All the internal registers are reset, and the following modes are selected. 

• Asynchronous mode (stop bit length of I, character length of 8 bits, 1/1 clock rate, no parity). 

• Full-duplex communication with NRZ code is selected. 

• The transmit/receive status bits and interrupt enable bits are cleared. 

• The TXCM line input is selected for use as the transmit clock and the RXCM line input as the 

receive clock. 

• The ADPLL and baud rate generator are initialized. 
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Section 5. Asynchronous Serial Communications Interface/ 
Clocked Serial I/O Port (ASCI/CSIO) 

5.1 Overview 

The asynchronous serial communications interface/clocked serial I/O port (ASCI/CSIO) supports 

asynchronous and clocked serial communications. 

ASCI/CSIO functions in the asynchronous mode are a subset of MSCI functions in the asynchronous 
mode. *1 In addition, the ASCI/CSIO can communicate with various asynchronous communications 

chips, such as the Universal Asynchronous Receiver/Transmitter (UART), Asynchronous 

Communications Interface Adapter (ACIA), HD64180, and the HD6301. 

In the clocked serial mode, the ASCI/CSIO can interface with chips having a clocked serial 

communications capability, such as the HD64180 and the HD6301. 

The operating mode (asynchronous or clocked serial) is selected using mode register 0 (MOO). *2 

MOO is one of 16 internal registers dedicated to the ASCI/CSIO. 

When operated in the asynchronous mode, the ASCI/CSIO and MSCI allow program portability. 

There are, however, some restrictions that must be observed. *3 

*1 See section 5.3.1 "Asynchronous Mode." 

*2 For details of the MDO, see section 5.2.1 "ASCI Mode Register 0 (MOO)." 

*3 See section 5.8 "Generating MSCI-Compatible Programs." 

5.1.1 Functions 

Features of the ASCI/CSIO include: 

• Choice of asynchronous or clocked serial mode 

• NRZcoding 

• Full duplex, auto-echo, and local loop-back mode 

• Separate transmit and receive buffers (double buffer) 
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• Modem control signals automatically controlled by auto-enable function 
crSA (Clear To Send): General-purpose line for input/transmit enable/transition-triggered interrupt 
DCDA (Data Cariier Detect): General-purpose line for input/receive carrier detection/transition­
triggered interrupt 
RTSA (Request To Send): General-purpose line for output/transmit request 

• Internal programmable baud rate generator 
• Choice of external clock or internal baud rate generator as the clock source 
• Data transmission rate selectable in the range of 0 to 4 Mbps (using a 10-MHz system clock) 
• Four internal interrupt signals RXRDY, TXRDY, RXINT, and TXINT 

The features of the asynchronous and clocked serial modes are outlined below: 

(1) Asynchronous Mode 

• Full duplex 
• 7- or 8-bit characters (Transmit and receive lengths can be set independently.) 

• Stop bit length: 1 or 2 bits 
• Even, odd, or no parity 
• Parity, overrun, and framing error detection 
• Break generation and detection 
• Multiprocessor communications support 
• Bit rate: 1/1, 1/16, 1/32, or 1/64 of clock frequency 

(2) Clocked Serial Mode 

• Full duplex 
• 7- or 8-bit characters 
• Even, odd, or no parity 
• Parity, overrun, and framing error detection 

• Bit rate: 1/1 of clock frequency 

5.1.2 Configuration and Operation 

Figure 5-1 shows a block diagram of the ASCJ/CSIO. Receive data is input to the RX buffer via the 
RXDA line, and bit status, such as parity error, framing error and MP bit, is checked. The receive data 
is then passed to the receive shift register, and the character is assembled for sending to the receive 

( , 

buffer. The receive status is set in ASCI status register 2 (STl). The CPU can read the receive data 
and access this status via the internal data bus. 
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Transmit data is first written to the transmit buffer and then passed to the transmit shift register where 

the parity!MP bit, start bit, stop bit, etc., is appended to it. The data is output from the TXDA line. 

The TX controller controls shift operations in the transmit shift register and data loading from the 

transmit buffer. It also indicates transmit status, and issues TXRDY and TXINT interrupt request signals. 

The RX controller controls shift operations in the receive shift register and data transfers to the receive 

buffer. It also indicates receive status, and issues RXRDY and RXINT interrupt request signals. 
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5.1.3 Registers 

Details of the ASCI/CSIO's 16 dedicated registers are given in table 5-1. These registers are used to 

select the operating mode (asynchronous or clocked serial), communications protocol, bit rate, and 

transmit/receive control parameters. 

Table 5-1. ASCI Registers 
I 

I/O Initial Value*1 Read! 

Register Name SImbol Address MSB~LSB Write*2 
ASCI Mode register 0 MDO 0043H 00000000 R!W 
ASCI Mode register 1 MDt oo44H 00000000 R!W 
ASCI Mode register 2 MD2 oo45H 00000000 R!W 
ASCI Control register CTL 0046H 00000001 R!W 
ASCI RX clock source register RXS 004BH 00000000 R!W 
ASCI TX clock source register TXS 004CH 00000000 R!W 
ASCI Time constant register TMC 004AH 00000001 R!W 
ASCI Command register CMD 0042H W 

ASCI Status register 0 STO 0039H 00000000 R 

ASCI Status register 1 STI 003AH 00000000 R!W 
ASCI Status register 2 ST2 oo3BH 00000000 R!W 
ASCI Status register 3 ST3 003CH 0000XX*300 R 

ASCI Interrupt enable register 0 lEO oo3EH 00000000 R!W 
ASCI Interrupt enable register 1 lEI 003FH 00000000 R!W 
ASCI Interrupt enable register 2 1E2 oo40H 00000000 R!W 
ASCI TX/RX buffer register TRB oo38H XXXXXXXX R!W*4 

(X: Undefined value) 

*1 Registers are set to the initial value by a hardware reset or by a reset command. 

*2 The functions set in the registers differ depending on the operating mode (asynchronous or clocked serial). 

For details, see section 5.2 "Registers." 

*3 Bits 2 and 3 of ASCI status register 3 read the"CTSA and I>cr>A line levels. 

*4 The ASCI TX/RX buffer register serves as a receive buffer during read operations and as a transmit buffer during 

write operations. 
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5.2 Registers 

The ASCI/CSIO has 16 registers that are used to select the operating mode and to control the 

transceiver, receiver and baud rate generator. These registers can be accessed by CPU I/O instructions. 

5.2.1 ASCI Mode Register 0 (MDO) 

This register is used to specify the operating mode (asynchronous or clocked serial), use of the auto­

enable function, and the stQP bit length (lor 2 bits) for the asynchronous mode. 

The ASCI mode register 0 is reset at the following times: 

• When a hardware reset or channel reset command is issued. 

7 6 5 4 3 2 

Async PRTCL2 PRTCL1 PRTCLO AUTO _'1 _'1 

Clocked Serial 

ReadlWrite RIW RIW RIW RIW 

o o o o o o 

I 
Protocol Mode Auto-Enable 
000: Asynchronous mode 
110: Clocked serial mode 
Other values are reserved'3 

0: Auto-enable function not used 
1: Auto-enable function used 

*1 Reserved. These bits always read 0 and should be set to O. 
*2 Reserved. Read values are undefined. These bits can be set to either 0 or 1. 
*3 Reserved. If these bits are selected, normal operation is not guaranteed. 

264 HITACHI 

o 

STOPI STOP2 

_'2 _'2 

RIW RIW 

o 0 

I 
Stop Bit Length 
• Asynchronous mode 

00: 1 bit 
10: 2 bits 

• Clocked serial 
Reserved 



Bits '·S: PRTCL2·0 (protocol mode) 

These bits specify the communications protocol (asynchronous or clocked serial). A channel reset 

command must be issued before rewriting these bits. If these bits are changed during operation, correct 

operation can not be guaranteed. 

PRTCL2 PRTCLl PRTCLO Function 

0 0 0 Specll1es asynchronous nrnode 

0 0 1 Reserved 

1 0- 1 

1 1 0 Specll1es clocked serial mode 

1 1 1 Reserved 

Bit 4: AUTO (auto·enable) 

----
This bit specll1es the function of the modem control signals (CTSA, DCDA, and RTSA). This 

specification is same for both the asynchronous and clocked serial modes . 

• Asynchronous/clocked serial mode 

AUTO 

o 

1 

Function 

The CTSA and DCDA lines are used for general input and the RTSA line is used for 

general output These lines function independently of the ASCIICSIO. 

Specifies the use of the auto-enable function. When the auto-enable function is used, the 
---- --
CTSA, DCDA, and RTSA lines can be used as modem control lines for an RS-232C 

interface, etc. CTSA is used to control transmission operations. If the CTSA input is high, 

data transfer from the transmit buffer to the transmit shift register is inhibited After 

transmitting the contents of the transmit shift register, the transmitter enters the idle state. 

DCDA is used to control reception operations. When DCDA input is high, reception is 

inhibited. If DCDA goes high during character assembly, the data being assembled is lost 

However, the data in the receive buffer is retained. The RTSA output is affected by 

transmission operation; it is held low regardless of the value of the RTS bit in CTL. When a 

transmission is not in progress (TX disable or idle status), the RTSA line outputs the RTS bit 

value. 

Figures 5-2 (a) and (b) show modem control signal (RTSA) timing. The RTSA output during writing 

to the transmit buffer (TRB) is provided at the falling edge of the T3 state. After data transmission, the 

RTSA output is set to the high level one clock cycle after the TXDA line is set to mark. 
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TXCA 

TXDA l~ ________________ ~ 

Write 1 to RST bit. 
RTSA 

Figure 5·2. (a) Modem Control Signal Timing 

(Auto·enable,7 bits/character, no parity, 111 clock mode) 

1/0 write cycle 

T3 

WR 

RTSAline 

Figure 5·2. (b) Modem Control Signal Timing 

Bits 3·2: Reserved. These bits always read 0 and should be set to O. 

Bits 1·0: STOP1·0 (Stop bit length) 

These bits specify the length of the stop bit appended to transmit data in the asynchronous mode. 

These bits can be rewritten during operation. In this case, the new value applies immediately to the 

character currently in the transmit buffer. 
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• Asynchronous mode 

STOPl STOPO Function 
0 0 Stop bit length is 1 

0 1 Reserved 

1 0 Stop bit length is 2 

1 1 Reserved 

• Clocked serial mode 

Reserved. Read values are undefined. These bits can be set to either 0 or 1. 

5.2.2 ASCI Mode Register 1 (MDl) 

This register is used to specify the relationship between the bit rate and the transmit clock, the receive 

clock, the transmit character length, the receive character length, and whether or not the parity/MP bit 

is to be used. 

This register is reset at the following times: 

• When a hardware reset or channel reset command is issued. 

Async 

Clocked Serial 

ReadlWrHe 

Inilial Value 

7 6 

BRATEI BRATEO 

Am Am 

o o 

I 
BHRate 
• Asynchronous mode 
00: 111 of clock rate 
01: 1/16 of clock rate 
10: 1/32 of clock rate 
11: 1/64 of clock rate 
• Clocked serial mode 

5 4 3 2 

TXCHRI TXCHRO RXCHRI RXCHRO PMPMl 

Am Am RIW 

o o o 

TransmH Character Length 
00: 8 bHs/character 
01: 7 bHs/character 

RIW RIW 

o o 

I 
Receive Character Length 
00: 8 bHs/character 
01: 7 bHs/character 

ParitylMultiprocessor Mode 
00: No parHyIMP bit 

o 

PMPMO 

RIW 

o 

These bHs should be set to 00. 
01: MP bH appended (value specified by command) 
10: Even parity appended and checked 
11: Odd parHy appended and checked 
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Bits '·6: BRATEl·O (Bit rate) 

These bits specify the relationship between the bit rate and the transmit/receive clock in the 

asynchronous mode. 

In the clocked serial mode, these bits should be set to 00 (only the 1/1 clock is available). 

• Asynchronous mode 

BRATEI BRATEO Function 

0 0 Bit rate = 1/1 of the clock rate 

0 1 Bit rate = 1/16 ofthe clock rate 

1 0 Bit rate = 1/32 of the clock rate 

1 1 Bit rate = 1/64 of the clock rate 

• Clocked serial mode 

These bits should be set to 00. 

Bits 5·4: TXCHRl·O (Transmit character length) 

These bits specify the transmit character length. These bits can be changed during operation. In this 

case, the new value takes affect after the current character has been transmitted. 

• Asynchronous/Clocked serial mode 

TXCHRI TXCHRO Function 

0 0 Transmit character length = 8 bits 

0 1 Transmit character length = 7 bits 

1 0 Reserved 

1 1 Reserved 

Bits 3·2: RXCHRl·O (Receive character length) 

These bits specify the receive character length. These bits can be changed during operation. In this 

case, the new value takes affect after the current character has been received. 
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• AsynchronouS/Clocked serial mode 

RXCHRI RXCHRO Function 

0 0 Receive character length = 8 bits 

0 1 Receive character length = 7 bits 

1 0 Reserved 

1 1 Reserved 

Bits 1-0: PMPMI-0 (Parity/Multiprocessor mode) 

These bits specify whether to use the parity or multiprocessor (MP) bit in the asynchronous mode. 

These bits can be changed during operation. In this case, the new value takes effect from the next 

transmit/receive character. 

• Asynchronous/Clocked serial mode 

PMPMl PMPMO Function 

o o Neither parity nor MP bit is appended, and parity check not performed 

o 1 MP bit is appended (The actual MP bit value is specified by command)* 

1 o Even parity bit is appended and parity check performed 

1 1 Odd parity bit is appended and parity check performed 

.. See section 5.2.8 "ASCI Command Register (CMD)." 

5.2.3 ASCI Mode Register 2 (MD2) 

This register is used to specify full duplex, auto-echo, or local loop-back mode for the channel 

connection. The mode determines how the transmit/receive data is handled on the TXDA and RXDA 

lines. 

The register is reset at the following times: 

• When a hardware reset or channel reset command is issued. 
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7 6 5 4 

Async _*1 _*1 _*1 _*1 

Clocked Serial 

ReadlWrite 

Initial Value o o o o 

3 2 

_*1 _*1 

o o 

o 

CNCT1 CNCTO 

RIW RIW 

o 0 

I 
Channel Connection 
00: Full duplex 
01: Auto-echo 
10: Reserved*2 
11: Local loop-back 

*1 Reserved. These bits always read 0 and should be set to O. 
*2 Reserved. H this setting is used, normal operating is not guaranteed. 

Bits '·2: Reserved. These bits always read 0 and should be set to O. 

Bits 1·0: CNCTl·O (Channel connection) 

• Asynchronous/Clocked serial mode 

CNCTl CNCTO 

o o 
o 1 

1 o 
1 1 
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Function 

Full duplex mode (normal transmit/receive operation) 

Auto-echo mode 

The RXDA line input is output directly to the TXDA line; reception is 

allowed; transmission is not. 

Reserved 

Local loop-back mode 

The transmit shift register output is intemally connected to the receive 

shift register input to loop-back the transmit data. The TXDA line 

echoes the RXDA line input and the TXCA'iine echoes the RXCA line 

input. 



5.2.4 ASCI Control Register (CTL) 

This register is used to send a break: in the asynchronous mode and to specify the RTSA line output 

level in the asynchronous and clocked serial modes. 

This register is reset at the following times: 

• When a hardware reset or channel reset command is issued. 

The BRK bit is also cleared by a TX reset command. 

7 6 5 4 3 2 0 

, .. ,", - * -* -* - * BRK - * -* RTS 

: Clocked Serial 

ReadlWrite RIW RIW 

Initial Value 0 0 0 0 0 0 0 

I 
Break Send Reguest to Send 
• Asynchronous mode 0: RTSA low level 
0: Off (Normal operation) output 
1: On (Break send) 1: RTSA high level 
• Clocked serial mode output 
Set this bit to 0 

*1 Reserved. These bits always read 0 and should be set to o. 

Bits '·4: Reserved. These bits always read 0 and should be set to O. 

Bit 3: BRK (Break send) 

This bit is used to initiate a break: in the asynchronous mode. In the clocked serial mode, this bit 

should be set to O. 
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>-
• Asynchronous mode 

BRK Function 

o No break sent (Nannal operation) 

1 When this bit is set to 1, the TXDA line goes low (space) at the falling edge of the next 

transmit clock. To send a break, this state must continue for two or more character cycles. 

The BRK bit is cleared by a TX reset command. For details on break, see "Break send and detection" 

in section 5.3.1 "Asynchronous Mode." 

• Clocked serial mode 

This bit should be set to O. 

Bits 2-1: Reserved. These bits always read 0 and should be set to O. 

Bit 0: RTS (Request to send) 

This bit specifies the RTSA output level. For the RTSA line level changes when auto-enable is 

used. See section 5.2.1 "ASCI Mode Register 0." 

• Asynchronous/Clocked serial mode 

RTS Function 

o RTSA line output is low. 

1 RTSA line output is high. 

5.2.5 ASCI RX Clock Source Register (RXS) 

This register is used to specify the receive clock source in the asynchronous mode and to select the 

master/slave mode of the receiver in the clocked serial mode 

The register is reset at the following times: 

• When a hardware reset or channel reset command is issued. 
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7 

Async 
_"1 

Clocked Serial 

ReadlWrite 

Initial Value o 

6 5 4 

RXCS2 RXCSl RXCSO 

RIW RIW 

o o 

Receive Clock Source 

• Asynchronous mode 

000: RXCA line input 

RIW 

o 

100: Internal baud rate generator 

(BRG) output 

Others: Reserved" 3 

"1 This bit always reads 0 and should be set to O. 

3 

_"2 

o 

2 o 

_"2 _" 2 _"2 

o o o 

RX MasterlSlave Mode Select 

• Clocked serial mode 

000: Slave mode 

100: Master mode 

Others: Reserved" 3 

"2 Reserved. These bits always read O. Set these bits equal to the TXBR3-0 bits (bits 3-0) in TXS. 
See section 5.2.6 "ASCI TX Clock Source Register (TXS)'" 

"3 Reserved. If any other settings are selected. normal operation is not guaranteed. 

Bit 7: Reserved. This bit always reads 0 and should be set to O. 

Bits 6-4: RXCS2-0 (Receive clock source) 

• Asynchronous mode 

In the asynchronous mode, these bits are used to select the receive clock source. 

RXCS2 

0 

0 

0 

0 

1 

1 

1 

1 

RXCSI 

0 

0 

1 

1 

0 

o 
1 

1 

RXCSO 

0 

1 

0 

1 

0 

1 

o 
1 

Function 

The clock input to the RXCA line is used. 

Reserved 

The internal BRG output is used. BRG parameters are set 

in the ASCI TX clock source register (TXS) (bits 3-0) 

and the time constant register (TMC). The RXCA line 

outputs the internally generated receive clock. 

Reserved 
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• Clocked serial mode 

These bits specify the master or slave mode. For details regarding each mode, see section 5.3.2 

"Clocked Serial Mode." When the receiver is used in the master mode, the transmitter must also be in 

the master mode. Normal operation is not guaranteed if the transmitter is used in the slave mode. 

These bits should be changed when both the transmitter and receiver are in the disable or idle state. 

RXCS2 

0 

0 

0 

0 

1 

1 

1 

RXCSI 

0 

0 

1 

1 

0 

o 
1 

1 

RXCSO 

0 

1 

0 

1 

0 

1 

o 

Function 

Slave mode 

Reserved 

Master mode (When the receiver is placed in the master 

mode, the transmitter must also be placed in the master 

mode.) 

Reserved 

Bits 3-0: Reserved. Set these bits equal to the TXBR3-0 bits (bits 3-0) in the ASCI TX clock source 

register. See section 5.2.6 "ASCI TX Clock Source Register (TXS)." 

5.2.6 ASCI TX Clock Source Register (TXS) 

This register is used to select the transmit clock source, the internal baud rate generator (BRG) clock 

rate in the asynchronous mode, the transmit mode (slave or master), and the internal BRG clock rate in 

the clocked serial mode. 

The register is reset at the following times: 

• When a hardware reset or channel reset command is issued. 
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7 

Async _*1 

Clocked Serial 

ReadlWrite 

Initial Value o 

Transmit C~Ck Source 
* Asynchronous mode 
000: TXCA line input 
100: Internal baud rate 

generator (BRG) 
output 

Others: Reserved*2 

6 5 4 

TXCS2 TXCS1 TXCSO 

o o o 

I 
TX MasterlSlave Mode Select 
* Clocked serial mode 
000: Slave mode 
100: Master mode 
Others: Reserved*2 

*1 Reserved. This bit always reads 0 and should be set to O. 

3 

TXBR3 

o 

*2 Reserved. If set to other values, normal operation is not guaranteed. 

2 o 

TXBR2 TXBR1 TXBRO 

o o o 

Baud Rate 
* Clock division ratio 
0000: 1/1 0101: 1/32 
0001: 112 0110: 1/64 
0010: 1/4 0111: 1/128 
0011: 1/8 1000: 11256 
0100:1/16 1001: 11512 

Others: Reserved*2 

Bit 7: Reserved. This bit always reads 0 and should be set to O. 

Bits 6·4: TXCS2·0 (Transmit clock source) 

• Asynchronous mode 

In the asynchronous mode, these bits are used to select the transmit clock source. 

TXCS2 

o 
o 
o 
o 
1 

! 

1 

1 

TXCSI 

o 
o 
1 

1 

o 

o 
1 
1 

TXCSO 

o 
1 

o 
1 

o 

1 

o 
1 

Function 

The clock input to the TXCA line is used. 

Reserved 

The internal BRG output is used. BRG parameters are set 

in the ASCI TX clock source register (TXS) (bits 3-0) and 

the time constant register (TMC). The TXCA line outputs 

the internally generated transmit clock. For details, see 

section 5.5 "Baud Rate Generator." 

Reserved 
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• Clocked serial mode 

In the clocked serial mode, these bits are used to select the master or slave mode for the transmitter. 

These bits should be changed only when both the transmitter and the receiver are in the disable or idle 

state. 

TXCS2 TXCSl TXCSO Function 

0 0 0 Slave mode 

0 0 1 Reserved 

0 1 0 

0 1 1 

1 0 0 Master mode 

1 0 1 Reserved 

1 1 0 
1 1 1 

For the details of each mode, see section 5.3.2 "Clocked Serial Mode." 

Bits 3·0: TXBR3·0 (Baud rate) 

These bits specify the transmit/receive clock rate output by the internal BRG. The transmit/receive 

BRG output is generated by dividing the reload timer output frequency. These bits specify the division 

ratio. Setting values and division ratios are given below. For details, see section 5.5 "Baud Rate 

Generator. " 
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• Asynchronous/Clocked serial mode 

TXBRJ TXBR2 TXBRI TXBRO Division Ratio 

0 0 0 0 1/1 
0 0 0 1 1/2 
0 0 1 0 1/4 

0 0 1 1 1/8 

0 1 0 0 1/16 

0 1 0 1 1/32 

0 1 1 0 1/64 

0 1 1 1 1/128 

1 0 0 0 1/256 

1 0 0 1 1/512 

1 0 1 0 Reserved 

1 1 1 1 

5.2.7 ASCI Time Constant Register (TMC) 

This register is used to specify the value to be loaded into the reload timer (inside the internal BRG). 

The specified value is used for both transmit and receive. 

This register is reset at the following times: 

• When a hardware reset or channel reset command is issued. 

7 6 5 4 3 2 o 

Async 
mC7 TMC6 TMC5 TMC4 TMC3 TMC2 TMC1 moo 

Clocked Serial 

ReadIWrite RJW RJW RJW RJW RJW RJW RJW RJW 

Initial Value 0 0 0 0 0 0 0 

I 
Reload Timer Value (1 - 256) 
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Bits 7-0: TMC 7-0 (Time Constant) 

• Asynchronous/Clocked serial mode 

These bits are used to specify the value (1 - 256) to be loaded into the reload timer (inside the internal 

BRG). The specified value is used for both transmit and receive. (When 0 is specified, 256 is 

assumed.) The reload timer output frequency is: 

flllffMC 

where, fill is the CPU clock :frequency and TMC is the value of the time constant register. 

In the asynchronous mode, the actual baud rate is determined by the values of: TMC (1-256), TXBR 

(0-9 determined by the TXBR3-0 bits (bits 3-0) of the TX clock source register), and CM* (clock mode 

= bit rate/clock rate). In the clocked serial mode, this is determined by the values of TMC and TXBR. 

For details, see section 5.5 "Baud Rate Generator." 

* The clock mode is specified by the BRA1EI-O bits (bits 7 and 6) in MDI. 

S.2.8 ASCI Command Register (CMD) 

This register is used in the asynchronous or clocked serial mode to specify the commands that control 

various ASCI transmission and reception operations. 

This register is a write-only register and always reads DOH. 

7 

Async _*1 

Clocked Serial 

ReadlWrite 

Initial Value 

• Transmit commands 

000001: TX reset 

000010: TX enable 

000011: TX disable 

001000: MP bit on 

001001: TX buffer clear 

6 

- *1 

S 4 

CMOS CM04 

w w 

I 
Command 

• Receive commands 

010001: RX reset 

010010: RX enable 

010011: RX disable 

010110: Search MP bit 

.1 Reserved. These bits always read 0 and should be set to O. 

3 

CM03 

w 

*2 Reserved. If other settings are used, normal operation is not guaranteed. 
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2 

CM02 

w 

o 

CM01 CMDO 

w w 

• Other commands 

100001: Channel reset 

000000: No operation 

Others: Reserved*2 



Bits 7 and 6: Reserved. These bits always read 0 and should be set to O. 

Bits 5-0: CMD5-0 (Command) 

• Asynchronous/Clocked serial mode 

The command set includes transmit and receive commands as well as a channel reset command and a 

no operation code. The codes and functions for each command are given in tables 5-2 through 5-4. 

(1) Transmit commands 

Table 5-2. Transmit Commands 

Command Name (set value) 

TX reset (OlH) 

TX enable (02H) 

TX disable (03H) 

MP bit on (08H) 

TX buffer clear (09H) 

Function 

Immediately places the transmitter in the TX disable state (the 

transmit line goes high (mark». The transmit buffer is cleared, 

bit I of STO, and the BRK bit in CTL are cleared. 

Other registers are not affected. 

Places the transmitter in the idle state (the transmit line goes to. 

mark if it is in the TX disable state). 

Forcibly disables the TXRDY state (TXRDY bit in STO reset). 

The contents of the transmit buffer and transmit shift register are 

transmitted, then the transmitter enters the disable state. 

An MP bit (value 1) is appended to the transmit data. This 

command is valid only for the next character loaded into the 

transmit buffer. 

Clears the transmit buffer. Other registers are not affected. 
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(2) Receive commands 

Table 5·3. Receive Commands 

Command Name (set value) 

RX reset (IIH) 

RX enable (I2H) 

RX disable (13H) 

Search MP bit (I6H) 

(3) Other commands 

Table 5·4. Other Commands 

Command Name (set value) 

Channel reset (2IH) 

No operation (OOH) 

5.2.9 ASCI Status Register 0 (STO) 

Function 

Stops the receive shift register and places the receiver in the RX 

disable state. 

The receive buffer is cleared and bit 0 in STO is reset. 

Other registers are not affected. 
If the receiver is in the RX disable state when this command is 

issued, the receiver enters the start bit search state. 

Immediately places the receiver in the disable state. 

The receive shift register contents are lost. However, the receive 
buffer is not affected. 

Inhibits the transfer of characters with MP bit = 0 to the receive 

buffer. This function continues until a character with MP bit = I 
is received. 

Function 

Immediately places the transmitter and receiver in the disable 

state, clears the transmit and receive buffers, and resets all 
registers to their initial values (same as hardware reset). 

The transmitter and receiver operate normally. 

This register is used in the asynchronous and clocked serial mode to indicate the status of interrupts 

TXINT and RXINT, as well as the status of the transmit and receive buffers. 

This register is reset at the following times: 

• When a hardware reset or channel reset command is issued. 

• When the system stop mode is entered. 
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7 

Async TXINT 

Clocked Serial 

ReadlWr~e R 

Initial Value 0 

~ 
TXINT Interrupt 
0: TX interrupt not 

requested 
1: TX interrupt 

requested 

6 5 4 

RXINT -. -. 

R 

o o o 
I 

RXINT Interrupt 
0: RX interrupt not requested 
1: RX interrupt requested 

• Reserved. These b~ always read O. 

Bit 7: TXINT (TXINT interrupt) 

3 . -

o 

2 

-. TXRDY 

R 

o o 

I 
RXReady 

o 
RXRDY 

R 

o 
I 

0: Receive data does not 
exist 

1: Receive data exists 

TX Ready 
0: Transmit buffer 

not empty 
1: Transmit buffer 

empty 

This bit indicates the TXINT interrupt status. When both this bit and the TXINTE bit in lEO are 1, a 

TXINT internal interrupt request is issued to the CPU. 

• Asynchronous/Clocked serial mode 

TXINT 

o 
1 

Function 

A TXINT interrupt request has not been issued. 

A TXINT interrupt request has been issued. 

The TXINT value is determined by 

TXINT = IDL·IDLE + ccrS·CcrSE 

IDL and CCTS are bits 6 and 3 of STl 

IDLE and CCTSE are bits 6 and 3 of lEI 

This bit is set to 1 when: 

• The IDLE bit is set to 1 and idle state is entered . 

• The CCTSE bit is set to 1 and the crSA line level is changed. 

Bit 6: RXINT (RXINT interrupt) 

This bit indicates the RXINT interrupt status. When both this bit and the RXINTE bit in lEO are 1, an 

RXINT interrupt request is issued to the CPU. 
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• Asynchronous/Clocked serial mode 

RXlNT 

o 
1 

Function 

An RXINT interrupt request has not been issued. 

An RXINT interrupt request has been issued. 

Th~ RXINT bit is set when: 

(1) The CDCDE bit is set and DCDA line level is changed. 

(2) The BRKDE bit is set and start of break is detected. 

(3) The BRKEE bit is set and end of break is detected. 

(4) The PMPE bit is set and parity bit, MP bit or receive data MSB is set to 1. 

(When the PMPMI-0 bits ofMDI is 10 or 11, the parity bit is set to 1, or 

When the PMPMI-0 bits ofMDI is 01, the MP bit is set to 1, or 

When the PMPMI-0 bits ofMDI is 00, the MSB is set to 1.) 

(5) The PEE bit is set and a parity error has occurred. 

(6) The FRMEE bit is set and a framing error is detected. 

(7) The OVRNE bit is set and an overrun error is detected. 

The RXINT value is determined by: 

RXINT = CDCD·CDCDE + BRKD·BRKDE + BRKE·BRKEE + PMP·PMPE+ 

PE·PEE + FRME·FRMEE + OVRN·OVRNE 

The CDCD, BRKD, and BRKE bits are bits 2, 1 and 0 in ST1. 

The PMP, PE, FRME, and OVRN bits are bits 6, 5, 4 and 3 in ST2. 

The CDCDE, BRKDE, and BRKEE bits are bits 2, 1 and 0 in lEI. 

The PMPE, PEE, FRMEE, and OVRNE bits are bits 6, 5, 4 and 3 in 1E2. 

Bits 5·2: Reserved. These bits always read O. 

Bit 1: TXRDY (TX ready) 

This bit is a read":only status flag that indicates whether or not data can be loaded into the transmit 

buffer. It is set to 1 when the transmitter is in the TX enable state and the transmit buffer is empty. At 

all other times this bit is O. 

When this bit and the TXRDYE bit (bit 1 in lEO) are 1, a TXRDY interrupt request is issued . 

• Asynchronous/Clocked serial mode 

TXRDY 

o 

1 
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Function 

Indicates that the transmit buffer is not empty (data cannot be written to the transmit 

buffer). 

Indicates that the transmit buffer is empty (data can be written to the transmit buffer). 



Bit 0: RXRDY (RX ready) 

'This bit is a read-only status flag that indicates whether or not the receive buffer has data waiting to be 

read It is set to 1 when the receive buffer has data, regardless of the RX enable/disable state. It reads 

o when the receive buffer has no data. 

When this bit and the RXRDYE bit (bit 0 in lEO) are 1, an RXRDY interrupt request is issued . 

• Asynchronous/Clocked serial mode 

RXRDY Function 

o Indicates that the receive buffer has no data. 

1 Indicates that the receive buffer has data. 

5.2.10 ASCI Status Register 1 (STl) 

This register indicates the transmitter idle state, CTSA and DeDA line level changes, and the 

detection of a break start or end. 

When bits 3 and 6 in this register go to 1, they can be used to generate a TXINT interrupt. 

When bits 2-0 of this register go to 1, they can be used to generate an RXINT interrupt. 

The register is reset under the following conditions: 

• When 1 is written to bit positions 3, 2, 1, or 0 of this register, the bit is cleared. 

• Issuing a TX reset command clears bits 6 and 3. 

• Issuing an RX reset command clears bits 2, 1, and O . 

• Issuing a channel reset command or entering system stop mode clears all the bits of this register. 
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Async 

Clocked Serial 

ReadlWrite 

Initial Value 

7 . -

o 

I 

6 

IDL 

R 

o 
I 

Transmitter Idle State 
0: TX not idle 
1: TX idle 

• Reserved. These bits always read o. 

5 4 3 2 o 

-. -. CCTS roco BRKD BRKE 

RIW RIW RIW 

o 000 o 0 

- I 
CTSA Line Level Change I~ 0: Line level not changed 
1: Line level changed 

DC5A Line Level Change 
0: Line level not changed 
1: Line level changed 

I 
Break End Detection 
• Asynchronous mode 
0: Break end not detected 
1: Break end detected 

Break Start Detection 
• Asynchronous mode 
0: Break start not detected 
1: Break start detected 

Bit 7: Reserved. This bit always reads 0 and can be set to either 0 or 1. 

Bit 6: IDL (Transmitter idle state) 

This bit indicates whether or not the transmitter is in the idle state." 

When this bit and the IDLE bit (bit 6 in lEI) are 1, a TXINT interrupt request is issued . 

.. The idle state is explained below. 

Idle State {. Asynchronous mode - No transmit data is available and the TXDA line is set to mark . 

• Clocked serial mode - The MSB of the previously transmitted data is retained. 

284 HITACHI 



• Asynchronous/Clocked serial mode 

IDL Function 

o The transmitter is not in the idle state. 

1 The transmitter is in the idle state. 

This bit is a read-only flag. It is cleared to 0 only when the transmitter leaves the idle state (for 

example, when data is loaded into the transmit buffer). 

Bits 5 and 4: Reserved. These bits always read 0 and can be set to either 0 or 1. 

Bit 3: CCTS (CTSA line level change) 

This bit is set to 1 when the CTSA line level changes. It is cleared when 1 is written to this bit position. 

When this bit and the CCTSE bit (bit 3 in IEl) are equal to 1, a TXINT interrupt request is issued to 

the CPU . 

• Asynchronous/Clocked serial mode 

CCTS Function 

o The CTSA input level has not changed. 

1 The CTSA input level has changed. 

Bit 2: eDCD (DCDA line level change) 

This bit is set to 1 when the DCDA line level changes. It is cleared when 1 is written to this bit 

position. 

When this bit and the CDCDE bit (bit 2 in IEl) are equal to 1, an RXINT interrupt request is issued to 

the CPU. 
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• Asynchronous/Clocked serial mode 

CDCD Function 

o The DCDA line input level has not changed. 

1 The DCDA line input level has changed. 

Bit 1: BRKD (Break start detection) 

This bit is set to 1 when a break start is detected. It is cleared when 1 is written to this bit position. 

When this bit and the BRKDE bit (bit I in IEI) are 1, a RXINT interrupt request is issued. 

• Asynchronous mode 

BRKD Function 

o A break start has not been detected .. 

1 A break start has been detected. 

• Clocked serial mode 

This bit is never set to 1 in clocked serial mode. 

Bit 0: BRKE (Break end detection) 

This bit is set to 1 when a break end is detected. It is cleared when 1 is written to this bit position. 

When this bit and the BRKEE bit (bit 0) in IEI are equal to 1, an RXINT internal interrupt request is 

issued to the CPU. 

• Asynchronous mode 

BRKE Function 

o A break end has not been detected. 

1 A break end has been detected. 

• Clocked serial mode 

This bit is never set to 1 in clocked serial mode. 
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5.2.11 ASCI Status Register 2 (ST2) 

Since the ASCIICSIO receive buffer has only 1 stage, the receive status is available in ST2 

immediately after the character has been assembled. 

This register indicates the parity/MP bit or the MSB value and whether or not parity errors, framing 

errors, or overrun errors have occurred. 

This register is reset under the following conditions: 

• Writing 1 to a bit in this register clears the bit. 

• Issuing an RX reset or channel reset command resets the entire register. 

• System stop mode resets the entire register. 

The bits in this register can be used to generate an RXINT interrupt request. 

7 6 5 4 3 2 o 

Async -. PMP PE FRME OVRN -. -. -. 
Clocked Serial 

ReadlWrite RIW RIW RIW RIW 

Initial Value 0 0 0 0 0 0 0 0 

I I 
Parilll/Mf Bit Qver[un Error 
Parity/MP bit value 0: No overrun error detected 
0: Parity/MP bit value 0 
1: Parity/MP bit value 1 

Parity Error 

1: Overrun error detected 

Framing Error 
0: No framing error detected 
1: Framing error detected 

0: No parity error detected 
1: Parity error detected 

• Reserved. These bits always read 0 and can be set to 0 or 1. 
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Bit 7: Reserved. This bit always reads 0 and can be set to 0 or 1. 

Bit 6: PMP (ParitylMP bit) 

This bit indicates the value of the parity bit when parity checking is selected (Le. the PMPMI-0 bits of 

MDl are set to 10 for even parity or 11 for odd parity). 

When the MP bit is selected (i.e. the PMPM 1-0 bits are set to 01), the value of the MP bit is indicated. 

The MSB of the received character is indicated when the paritylMP bit is not used (i.e. the PMPMI-0 

bits are set to 00). 

• Asynchronous/Clocked serial mode 

PMP Function 

o The parity bit, MP bit, or the received character MSB is O. 

1 The parity bit, MP bit, or the received character MSB is 1. 

The PMP bit is changed when the receive buffer becomes ready to receive the next character. 

This bit can be cleared by writing 1 to this bit position. 

When this bit and the PMPE bit in IE2 are equal to 1, an RXINT interrupt request is issued to the CPU. 

Bit 5: PE (parity error) 

• Asynchronous/Clocked serial mode 

PE Function 

o No parity error has occurred. 

I A parity error has occurred. 

Once the PE bit is set, it is not cleared until 1 is written to this bit position or the receiver is reset. 

When this bit and the PEE bit (bit 5) in IE2 are equal to 1, an RXINT interrupt request is issued to the 

CPU. 
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· Bit 4: FRME (Framing error) 

• Asynchronous mode 

FRME Function 

o No framing error has occurred. 

1 A framing error has occurred. 

Once the FRME bit is set, it is not cleared until 1 is written to this bit position or the receiver is reset. 

When this bit and the FRMEE bit in IE2 are equal to 1, an RXINT interrupt request is issued to the 

CPU. 

• Clocked serial mode 

Framing errors cannot be detected in the clocked serial mode. When read, this bit is always O. 

Bit 3: OVRN (Overrun error) 

• Asynchronous/Clocked serial mode 

OVRN Function 

o No overrun error has occurred. 

1 An overrun error has occurred. 

Once the OVRN bit is set, it is not cleared until 1 is written to this bit position or the receiver is reset. 

When this bit and the OVRNE bit in IE2 are equal to 1, an RXINT interrupt request is issued to the 

CPU. 

Bits 2-0: Reserved. These bits always read 0 and can be set to 0 or 1. 
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5.2.12 ASCI Status Register 3 (ST3) 

This register is used to indicate the levels of the CTSA and DCDA input lines and the enable/disable 

state of the transmitter and receiver. 

This register is a read-only register. 

The register is reset under the following conditions: 

• Issuing a TX re!let command clears bits 3 and 1. 

• Issuing an RX reset command clears bits 2 and O. 

• Issuing a hardware reset command or a channel reset command resets the entire register . 

• System stop mode resets the entire register. 

7 6 .-
Async _*1 _*1 

Clocked Serial 

ReadlWrite 

Initial Value 0 0 

*1 Reserved. These bits always read O. 
*2 Indicates that the value is undefined. 
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5 

_*1 

0 

4 3 2 

_*1 C15 DCD 

R R 

0 X*2 X*2 

I 
CTSA InE!ut Line Level 
0: CTSA line low level 
1 : CTSA line high level 

Dci5A Input Line Level 

0: DCDA line low level 
1: QCDA line high level 

lXENBL 

R 

0 

I 
lX Enable 
0: Disable 
1: Enable 

o 
RXENBL 

R 

0 

RX Enable 
0: Disable 
1: Enable 



Bits '·4: Reserved. These bits always read O. 

Bit 3: CTS (CTSA input line level) 

This read-only bit indicates the level of the crSA input line. This bit is not used to generate an 

interrupt. 

• Asynchronous/Clocked serial mode 

CTS Function 

o The crSA input is low. 

1 The crSA input is high. 

Bit 2: DCD (DCDA input line level) 

This read-only bit indicates the level of the DCDA input line. This bit is not used to generate an 

interrupt. 

• Asynchronous/Clocked serial mode 

DCD Function 

o The DCDA input is low. 

1 The DCDA input is high. 

Bit 1: TXENBL (TX enable) 

This read-only bit indicates the transmitter enable/disable state. 

Issue a command to change the enable/disable state. 

• Asynchronous/Clocked serial mode 

TXENBL Function 

o The transmitter is in the disable state. 

1 The transmitter is in the enable state. 
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Bit 0: RXENBL (RX enable) 

This read-only bit indicates the receiver enable/disable state. 

Issue a command to change the enable/disable state . 

• Asynchronous/Clocked serial mode 

RXENBL Function 

o The receiver.is in the disable state. 

1 The receiver is in the enable state. 

5.2.13 ASCI Interrupt Enable Register 0 (lEO) 

This register is used to specify whether to enable/disable the TXINT, RXINT, TXRDY, or RXRDY 

internal interrupts. An interrupt request can only be genemted when the STO status bit is set and the 

corresponding bit of this register is equal to 1. 

For details about interrupts, see section 5.6 "Internal Interrupts." 

7 6 5 

Async TXINTE RXINTE -' 

Clocked Serial 

ReadJWrite RJW 

Initial Value o o o 

~ 
TXINT Interrupt Enable 
0: Disable 
1: Enable 

RXINT Interrupt Enable 
0: Disable 
1: Enable 

• Reserved. These bits always read 0 and should be set to o. 
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4 3 . . - -

o o 

2 o 

-. TXRDYE RXRDYE 

o 0 o 

~ 
TXRDY Interrupt Enable 
0: Disable 
1: Enable 

RXRDY Interrupt Enable 
0: Disable 
1: Enable 



Bit 7: TXlNTE (TXINT interrupt enable) 

• Asynchronous/Oocked serial mode 

TXINTE Function 

o Does not issue a TXINT internal interrupt request. 

1 Issues a TXINT internal interrupt request when the TXINT bit of STO is 1. 

Bit 6: RXINTE (RXINT interrupt enable) 

• Asynchronous/Clocked serial mode 

RXINTE Function 

o Does not issue an RXINT internal interrupt. 

1 Issues an RXINT internal interrupt request when the RXINT bit of STO is 1. 

Bit 5-2: Reserved. These bits always read 0 and should be set to O. 

Bit 1: TXRDYE (TXRDY interrupt enable) 

• Asynchronous/Clocked serial mode 

TXRDYE Function 

o Does not issue a TXRDY interrupt. 

1 Issues a TXRDY interrupt request when the TXRDY bit of STO is 1. 

Bit 0: RXRDYE (RXRDY interrupt enable) 

• Asynchronous/Oocked serial mode 

RXRDYE Function 

o Does not issue an RXRDY interrupt. 

1 Issues an RXRDY interrupt request when the RXRDY bit of STO is 1. 
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5.2.14 ASCI Interrupt Enable Register 1 (lEI) 

This register is used to enable or disable a TXINT/RXINT internal interrupt originating from a status 

bit (IDL, ccrs, COCO, BRKD, or BRKE) in STI. 

When a specific enable bit of this register and the corresponding status bit of STl are equal to 1, the 

TXINT bit or RXINT bit of STO is set. This causes a TXINT or RXINT interrupt request to be issued 

to the CPU. 

For details about interrupts, see section 5.6 "Internal Interrupts." 

7 6 5 4 3 2 o 

Async -. IDLE -. -. CCTSE CDCDE BRKDE BRKEE 

Clocked Serial 

ReadlWr~e RIW 

Initial Value 0 0 0 

I 
IDL Interru~t Enable 
0: Disable 
1: Enable 

RIW 

0 0 

~ 
CCTS Interru~t 
Enable 
0: Disable 
1: Enable 

COCO Interrupt Enable 
0: Disable 
1: Enable 

• Reserved. These bits always read 0 and should be set to O. 
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RIW RIW RIW 

0 0 0 

I 
BRKD Interru~t 
Enable 
• Asynchronous 

mode 
0: Disable 
1: Enable 

BRKE Interrupt Enable 
• Asynchronous 

mode 
0: Disable 
1: Enable 



Bit 7: Reserved. This bit always reads 0 and should be set to O. 

Bit 6: IDLE (IDL interrupt enable) 

This bit specifies whether or not to enable a TXINT internal interrupt originating in the IDL bit of STI. 

• Asynchronous/Clocked serial mode 

IDLE Function 

o Disables a TXINT internal interrupt originating in the IDL bit. 

1 Enables a TXINT internal interrupt originating in the IDL bit. 

IT the IDL bit in STI is 1, the TXINT bit in STO is set to 1 and a TXINT internal interrupt 

request is issued to the CPU. 

Bits 5-4: Reserved. These bits always read 0 and should be set to O. 

Bit 3: CCTSE (CCTS interrupt enable) 

This bit specifies whether or not to enable a TXINT internal interrupt originating in the CCTS bit of 

STI. 

• Asynchronous/Clocked serial mode 

CCTSE 

o 
1 

Function 

Disables a TXINT internal interrupt originating in the CCTS bit. 

Enables a TXINT internal interrupt originating in the CCTS bit. 

IT the CCTS bit in STl is 1, the TXINT bit in STO is set to 1 and a TXINT internal 

interrupt request is issued to the CPU. 

Bit 2: CDCDE (CDCD interrupt enable) 

This bit specifies whether to enable an RXINT internal interrupt originating in the COCO bit of STI. 
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• Asynchronous/Clocked serial mode 

CDCDE 

o 
1 

Function 

Disables an RXINT internal interrupt originating in the COCO bit. 

Enables an RXINT internal interrupt originating in the COCO bit. 

If the COCO bit in STl is I, the RXINT bit in the STO is set to 1 and an RXINT internal 

interrupt request is issued to the CPU. 

Bit 1: BRKDE (BRKD interrupt enable) 

This bit specifies whether to enable an RXINT internal interrupt originating in the BRKD bit of STI. 

• Asynchronous mode 

BRKDE 

o 
1 

Function 

Disables an RXINT internal interrupt originating in the BRKD bit. 

Enables an RXINT internal interrupt originating in the BRKD bit. 

If the BRKD bit in STl is I, the RXINT bit in STO is set to 1 and an RXINT internal 

interrupt request is issued to the CPU. 

• Clocked serial mode 

This bit is never set in the clocked serial mode. 

Bit (): BRKEE (BRKE interrupt enable) 

This bit specifies whether to enable an RXINT internal interrupt originating in the BRKE bit of STI. 

• Asynchronous mode 

BRKEE 

o 
1 
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Function 

Disables an RXINT internal interrupt originating in the BRKE bit. 

Enables an RXINT internal interrupt originating in the BRKE bit. 

If the BRKE bit in STl is I, the RXINT bit in STO is set to 1 and an RXINT internal 

interrupt request is issued to the CPU. 



• Clocked serial mode 

This bit is never set in the clocked serial mode. 

S.2.1S ASCI Interrupt Enable Register 2 (IE2) 

This register is used to enable or disable an RXINT internal interrupt originating in a status bit (pMP, 

PE, FRME, or OVRN) of ST2. 

When a specific enable bit of this register and the corresponding status bit in ST2 are both 1, the 

RXINT bit of STO is set to 1. This causes an RXINT internal interrupt request to be issued to the CPU. 

For details about interrupts, see section 5.6 "Internal Interrupts." 

7 

Async -. 
Clocked Serial 

ReadJWrite 

Initial Value o 

6 

PMPE 

RfIN 

o 
I 

5 4 3 

PEE FRMEE OVRNE 

RfIN RfIN RfIN 

o o o 

I 

2 . -

o 

PMP Interrupt Enable 
0: Disable 

OVRN Interrupt Enable 
0: Disable 

1: Enable 

PE Interrupt Enable 
0: Disable 
1: Enable 

1: Enable 

FRME Interrupt Enable 
• Asynchronous mode 
0: Disable 
1: Enable 

• Reserved. These bits always read 0 and should be set to O. 

Bit 7: Reserved. This bit always reads 0 and should be set to O. 

o . . - -

o o 
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Bit 6: PMPE (pMP interrupt enable) 

• Asynchronous/Clocked serial mode 

PMPE 
o 
1 

Function 
Disables an RXINT internal interrupt originating in the PMP bit. 

Enables an RXINT internal interrupt originating in the PMP bit. 

If the PMP bit in ST2 is I, the RXINT bit in STO is set to 1 and an RXINT internal 

interrupt request is issued to the CPU. 

Bit 5: PEE (PE interrupt enable) 

• Asynchronous/Clocked serial mode 

PEE Function 
o Disables an RXINT internal interrupt originating in the PE bit. 

1 Enables an RXINT internal interrupt originating in the PE bit. 

If the PE bit in ST2 is I, the RXINT bit in STO is set to 1 and an RXINT internal 

interrupt request is issued to the CPU. 

Bit 4: FRMEE (FRME interrupt enable) 

• Asynchronous mode 

FRMEE Function 
o Disables an RXINT internal interrupt originating in the FRME bit 

1 Enables an RXINT internal interrupt originating in the FRME bit 

If the FRME bit in ST2 is I, the RXINT bit in STO is set to 1 and an RXINT internal 

interrupt request is issued to the CPU. 

• Clocked serial mode 

This bit is never set in clocked serial mode. 
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Bit 3: OVRN (OVRN interrupt enable) 

• Asynchronous/Clocked serial mode 

OVRNE Function 

o Disables an RXINT internal interrupt originating in the OVRN bit. 

1 Enables an RXINT internal interrupt originating in the OVRN bit. 

IT the OVRN bit in STI is 1, the RXINT bit in STO is set to 1 and an RXINT internal 

interrupt request is issued to the CPU. 

Bits 2-0: Reserved. These bits always read 0 and should be set to O. 

5.2.16 ASCI TXlRX Buffer Register (TRB) 

This is an 8-bit register used to write a transmit character or to read a receive character. 

7 6 5 4 3 2 o 

Async TRB7 TRBS TRBS TRB4 TRB3 TRB2 TRB1 TRBO 

Clocked Serial 

ReadlWrite RIW RIW RIW RIW RIW RIW RIW RIW 

Initial Value X X X X X X X X 

I 
Transmit/Receive buffer value 

X: Undefined 

Bits 7-0: TRB7-0 (TXlRX buffer) 

• Asynchronous/Clocked serial mode 

A receive character in the receive buffer can be read via the TRB7 -0 bits. If the RXRDY bit in STO is 

0, the value of the TRB7-0 bits is undefined. 

A transmit character can be loaded into the transmit buffer via the TRB7-0 bits. If the TXRDY bit in 

STO is 0, writing to the TRB7-0 bits causes current data and the buffer contents to be lost. 
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5:3 Operation 

5.3.1 Asynchronous Mode 

In the asynchronous mode, characters are synchronized by appending a start bit and stop bites) before 
transmission. The transmission line usually remains at high level (mark). The line level goes low 

(space) to indicate the beginning of a start bit. Data is transmitted and received as characters; figure 

5-3 shows the character fonnat 

To select the asynchronous mode, set the PRTa..2-O bits (bits 7-5 in MOO) to 000. To select the 

receive character length (7 or 8 bits), use MDl. 

The ASCI functions as a subset of the MSCI when both are operated in the asynchronous mode. * 

The start bit signals the beginning of a data transfer .and is followed by character data beginning with 

the LSB. A parity/MP bit can be appended or omitted. MDt is used to select parity/MP bit. 

Parity/MP bit can be selected as: MP bit, even/odd parity, or no parity/MP bit. 

The end of the data transfer is signalled by 1 or 2 stop bits. MDO is used to select the number of stop 

bits. 

* When using the MSCI and ASCI/CSIO together in the asynchronous mode, take note of the following points regarding 

the ASCI: 

• The transmit I receive character length is only 7 or 8 bits (5, 6, 7 or 8 bits for the MSCI). 

• The stop bit length is only 1 or 2 bits (I, l.5, or 2 bits for the MSCI). 

• The ASCI baud rate generator setting is common to the transmitter and receiver. 

• The ASCI transmit and receive buffers have only one stage (double buffer). 

l Startbit 00 01 I :: I On 
I I' Idle state ~rityIMP Stop bit(s) (mark) 

<, 

r 1 bit + n=7or8 + Oor1 bit-+1 Or2bits~ 

IE Unil of data >1 

Figure 5·3. Character Format in Asynchronous Mode 
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The bit rate can be selected as either 1/1, 1/16, 1/32, or 1/64 of the input clock. Asynchronous 

communication can be performed in 1/16, 1/32 or 1/64 of the input clock (see figure 5-4). The MD1 

BRATE 1-0 bits are used to specify the bit rate. Either an external clock Or an internal baud rate 

generator can be selected as the I/O clock. 

Extemalline 
(TXCA6ne) N I I 

111, 1116, 1132, 1/64 divider , Transmtter 
Baud rate 
generator I 

Extemalline 
(RXCA6ne) N 1/1, 1/16, 1/32, 1/64 divider ) Receiver 

Figure 5-4. Bit Rate Selection 

For more information about the baud rate generator, see section 5.5 "Baud Rate Generator." 

Transmission operation: Figure 5-5 shows the state transition diagram for asynchronous mode 

transmission. 

TX disable state 

The transmitter is placed in the TX disable state by a hardware reset, a channel reset command, a 

TX reset command, or by a TX disable command. 

In this state, the TXDA line remains high and the TXRDY bit in STO is cleared. 

• Idle state 

A TX enable command causes the transmitter to leave the TX disable state and enter the idle state. 

In the idle state, the TXDA line stays high until data is loaded into the transmit buffer. Once data is 

loaded, the transmitter enters the start bit transmit state. 

• Start bit transmit state 

The TXDA line goes low for one bit cycle, then enters the character transmit state. 

• Character transmit state 

The character in the transmit buffer is transmitted beginning with the LSB. 
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• Parity/MP bit transmit state , 
A parity orMP bit is transmitted as specified by the PMPMI-O bits ofMDl. 

Stop bit transmit state 

A stop bit(s) is transmitted as specified by the STOPI-O bits of MOO, then the transmitter returns to 

the idle state. 

• Break: send state 

Setting the BRK bit in CTL causes the TXDA line to go low. Clearing the BRK bit causes the 

transmitter to leave this state. 

One cycle mark transmit state 

The TXDA line goes high for one bit cycle after leaving the break: send state. 

Initialization by 
reset 

"TX Disable" Issued after transmit 

Break reset 
"TX Disable" not issued and data "TX Disable"not issued specified 

and no data remains after 
------ . transmission 

Break transmit 
specified in 
any state 

No data remains in the transmit 
buffer after transmission 

Data remains in the transmit buffer 

No paritylMP after 
transmission 

Command names are enclosed in double quotation marks (" "). 

Figure 5·5. State Transition Diagram for Asynchronous Mode Transmission 

302 HITACHI 



The transmission cycle begins when the transmitter is in the idle state and when a character is loaded 

into the transmit buffer. The level of the transmit signal is changed at the falling edge of the transmit 

clock (see figure 5-6). For figure 5-6 (a) and (b), the character length is 8 bits, parity is used, and the 

stop bit length is 1 bit. 

Character loading 

D 

Idle state 

Transmit clock 

(P: parity bit) 

Figure 5-6. (a) Transmit Operation Using 1/1 Clock 

I Sta~sbit I Do :~ 07 I P:~ I Stop bit 

LrUUlJLrulJlJ11lrLrlrulflrLrlJ1ml. 
~ ~ 

16, 32, or 64 clock pulses 

Figure 5-6. (b) Transmit Operation Using 1/16, 1/32, or 1/64 Clock 

Receive operation: Figure 5-7 shows the state transition diagram for asynchronous reception. 

RX disable state 

The receiver is placed in the RX disable state by a hardware reset, a channel reset command, an 

RX reset, or by an RX disable command. In this state, the RXDA line level is ignored and no 

reception operations occur. The contents of the receive shift register are lost, but the RX buffer is 

not affected. 
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• Start bit search state 

An RX enable command causes the receiver to leave the RX disable stat~ and enter the start bit 

search state. In this state, the level of the RXDA line is sampled at the leading edge of each 

receive clock cycle until a low sample (space) is detected. 

Start bit check state 

When a space is detected in the start bit search state, the receiver enters the start bit check state. 

After a delay of a half bit cycle, the RXDA line is sampled again. If a high level (mark) is 

detected, the receiver returns to the start bit search state. If a low level (space) is detected, the 

receiver enters the character assembly state. 

In the 1/1 clock mode, this state is skipped and the receiver enters the character assembly state 

directly. 

• Character assembly state 

The receive data is sampled every bit cycle and the character is assembled. Character assembly 

ends when the ftrSt stop bit is sampled. 

Half bit cycle wait state 

If a framing error occurs after character assembly has been completed, the receiver enters a wait 

state for half a bit cycle to skip the stop bit associated with the framing error. It then returns to the 

start bit search state. For details on framing errors, see "Error check." 

• Break end wait state 

If a break is detected after character assembly, the receiver enters this state. The RXDA line level 

is checked every clock cycle until a mark is detected. For details on break, see "Break 

send/detection. " 

• Break end check state 

When a mark is detected in the breaJe end wait state, the receiver enters the break end check state. 

After a half-bit cycle delay, the RXDA line is checked again.'" If the line level has changed to 

space, the receiver returns to the break end wait state. If the RXDA line has remained at mark, the 

receiver enters the start bit search state . 

... In the 1/1 clock mode, this state is skipped. The receiver enters the start bit search state directly. 
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Initialization after 
reset 

"AX Enable" issued 

Space 
detected 

No space detected 

o 

"RX Reset", "RX Disable" 
or "Channel Reset" 
issued in any state NG (mark) 

No mark detected C Break end wait 

OK (space) 

Break detected 
after assembly 

Mark detected 
(other than 111 
clock mode) 

NG (space) 

OK Mark detected 
(mark) (111 clock mode) 

Command names are enclosed In double quotation marks (" H). 

Figure 5·7. State Transition Diagram for Asynchronous Mode Reception 

Figures 5-8 (a) and (b) show examples ofreceive data sampling. In these examples, the character 

length is 8 bits, parity is used, and the stop bit length is 1. 
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Receive data Do P 

~J tit 1 :Start bit search 

Stop bit check 

Sampling i 
Character assembly 

Start bit search 

Start bit detection (P: parity bit) 

Figure 5-8. (a) Receive Data Sampling Using 111 Clock 

Receive data Do 01 :: 07 P 

Sampting 111111 1 t 1 J 1 1111111 IS {Start bO"""; S1art .. se."" 1 1 V 
Start bit check Space detection 

Character assembly 
Stop bit check 

Figure 5-8. (b) Receive Data Sampling Using 1/16, 1132, or 1/64 Clock 

A reception operation starts when an RX enable command is issued. 

When the 1/1 clock is used (figure 5-8 (a», the receiver searches for a start bit at the leading edge of 

each clock. If a space is detected, character assembly starts at the next leading clock edge. Character 

assembling involves transferring each character bit (sampled at each clock cycle) to a receive shift 

register (see figure 5-9). 

Data having the character length specified by the RXCHR1-0 bits in MDl is transferred to the receive 

shift register. If it exists, the parity IMP bit is then sampled. During the next clock, the stop bit is 

sampled to complete the assembly of the character. At this time, the contents of the receive shift 

register are loaded into the receive buffer. 
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A search for the start bit begins one clock cycle after a character is assembled and sampling is done at 

the leading edge of each clock cycle. 

Receive data 

Receive shift register 

} 7-bit length 

~~--~~~-r~~--~~ 

7 o 
Receive buffer 

Sampling 
clock 

Figure 5·9. Receive Character Assembly by Shift Register 

When using the 1/16, 1/32, or 1/64 clock mode (figure 5-8 (b», the receiver searches for a start bit at 

the rising edge of each clock. When a space is detected, the receive line is sampled again after a half 

bit cycle delay. If another space is detected, the character assembly sequence begins after one bit 

cycle. If a mark is detected, start bit search resumes (See figures 5-10 (a) and (b». This helps to 

prevent transmission line noise from triggering the character assembly sequence. 

Receive data 

I- Character 
I assembly 

I 

~a~pling tttttttttttttt t 

timing Startbit;;;; j' I Start bit check 
'-'" (space detection) 

Space detection 

Figure 5·10. (a) Start Bit Sampling (normal start bit) 
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Receive data U 
Sampling timing .J...ttu.ttt.u.t.u.t.utti.utu.tiL....· ---I..ttu.tiu.tmJ...J...l..lti.utiu.. 

I '&art bit-;arch 

L Start bit check 

~ 

Start bit search. 

(mark detection) 

Space detection 

Figure 5-10. (b) Start Bit Sampling (false start bit) 

In the character assembly state, data is sampled during every bit cycle. When the MSB or the parity bit 

(if it exists) is sampled, the stop bit is checked during the next bit cycle. If a mark is detected (normal), 

the search for the start bit begins immediately. If a space is detected (framing error), the search for the 

start bit resumes after a delay of a half bit cycle. 

In the 1/16, 1/32, or 1/64 clock mode, the noise suppressor function operates during sampling of the 

start, character, parity, and stop bits. 

The noise suppressor function analyzes the current and two preceding values (sampled at the full clock 

rate) and selects the receive value using majority rule (see figure 5-11). 

308 HITACHI 



Start bit detection Start bit check 
Start bit search 

D D 
Receive clock 

Receive line 

Sampled data 

Figure 5·11. Noise Suppressor Function 

In the asynchronous mode, receive character length is 7 or 8 bits. The RXCHRI-O bits of MD 1 is used 

to select the receive character length. 

Figure 5·12 shows the receive data format. When the receive character is 7 bits, the MSB is O. 

8 bits/character I 071 osl 051 041 031 021 01 I 00 I 

7 bits/character I 0 I osl 051 041 031 021 01 I 00 I 

Figure 5·12. Receive Character 

Parity/MP bit: An even/odd parity bit or MP bit can be selected by setting the PMPMI-0 bits in MDI 

accordingly. 

When even parity is selected, the transmitter selects the parity bit so that the total number of Is (in the 

character plus parity bit) is even. The receiver checks that the number of 18 received is even. 

Similarly, if odd parity is selected, the parity bit is set so that the total number of Is transmitted is odd. 

When the MP bit is selected, an MP bit is appended to support multiprocessor communications. For details, 

see "Multiprocessor Mode. " 
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Error checks: 

(j) Parity check 

The receiver verifies that received data has the proper parity bit. 

If even parity is specified and an odd number of Is are detected in the received characters and 

parity bits, the PE(parity error) bit in ASCI status register 2 (ST2) is set to 1 when the receive data 

containing the parity error becomes ready to be read. The situation for odd parity is the same 

except that an even number of Is triggers the error. 

Once a parity error has. occurred, even if subsequent data is nonnally received, the PE bit cannot 

be cleared until 1 is written to the PE bit by the CPU or the ASCI/CSIO is reset. 

When the PE bit is set, an internal interrupt is generated (if enabled). 

'" For further details about the PE bit, see section 5.2.11 "ASCI Status Register 2 (S1'2)." 

tID Framing errors 

A framing error occurs when a space is detected during a stop bit check. 

Even if the stop bit length is 2 bits, only the first bit is checked. 

When the data containing a framing error becomes ready to read, the FRME bit'" 1 in ST2 is set. 

A framing error does not stop reception operation. When the 1/1 clock is used, start bit scanning 

resumes immediately following the framing error. When the 1/16, 1/32, or 1/64 clock is used, 

scanning resumes half a bit cycle after the framing error. This delay allows invalid stop bit(s) to 

clear. 

Once the FRME bit is set, it is not cleared until 1 is written to this bit position or until a reset 

occurs. 

When the FRME bit is set, an internal interrupt is genemted (if enabled). 

'" For the FRME bit, see section 5.2.11 "ASCI Status Register 2 (S1'2)." 

® Overrun errors 

If the receive buffer is full when new data arrives, an overrun error occurs and the new data 

overwrites the data currently in the receive buffer (TRB). 

The OVRN bit'" in ST2 is set when the data that caused the overrun becomes ready to read. 

The OVRN bit is cleared only by writing a Ito this bit position or by a reset. 

When the OVRN bit is set, an internal interrupt is generated (if enabled). 

'" For the OVRN bit, see section 5.2.11 "ASCI Status Register 2 (S1'2)." 

Break send and detection: When the transmitter wants to suspend data transmission, it sends a break 

signal (space). 
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Normally, a break send request is issued after completing a character transmission. A break must be sent 

for one or more character cycles. 

To send a break, set the BRK bit in CTL. When this bit is set, the TXDA line goes low at the falling edge 

of the next transmit clock. 

To cancel a break send, clear the BRK bit. When this bit is cleared, the TXDA line goes high (mark:) at the 

falling edge of the next transmit clock. The transmitter guarantees that the line stays high (mark) for one or 

more bit cycles before transmitting next start bit 

When a break send is requested, data in the transmit shift register is lost, while data in the transmit buffer 

remains uneffected. 

The receiver detects a break in the following way: if the data and parity bits are all equal to 0 and a framing 

error is detected, the receiver assumes that a break request has been sent. It then sets the BRKD bit in STl 

and truncates the null character (it is not transferred to the receive buffer). 

The ASCI/CSIO receiver detects a break as shown in figure 5-13. If break sending starts while a character 

is being transmitted, the break must be sent for at least two consecutive character cycles . 

• Do • D1 :....... !Stop! 

Data with framing error received Start bit detected Break end detected 

Break start detected 

Start bit search begin, 
space detected 

(The received null 
: character is not sent 
to the receive buffer.) 

Figure 5-13. Break Detection 

If marks are detected for half a bit cycle or longer,'" the receiver assumes that the break has ended and sets 

the BRKE bit in STI. Both break start detection (setting the BRKD bit) and break end detection (setting the 

BRKE bit) generate interrupts. 

'" When the 1/1 clock is used, the frrst mark detected signals the end of a break. 
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Supplementary explanation 

A break is usually sent in the following way: 

<D Wait for the end of a transmission (idle state) 

® Set the BRK bit 

@ Wait one or more character cycles 

@ Clear the BRK bit 

Multiprocessor Mode: The ASCI/CSIO supports a facility for specifying whether or not a specific 

terminal should receive data. 

When the MP (multiprocessor) bit mode is selected, an MP bit is appended instead of a parity bit. Use 

the PMPM1-0 bits in MOl to select the MP bit mode. 

When the MP bit mode is selected, data is normally transmitted with the MP bit set to o. The MP bit 

can be set to 1 by issuing an MP bit on command immediately before transferring the transmit data to 

the transmit buffer. This command only affects the first character that is loaded. 

On the receive side, the MP bit is transferred to the receive buffer together with other status 

information. When the receive data becomes ready to read, the MP bit value is made available in ST2. 

Data with MP bit = 0 can be ignored (not transferred to the receive buffer) by issuing a search MP bit 

command. The effects of this command is invalidated when data with MP bit = 1 is received. 

Subsequent data is received in the normal manner. For MP bit on command and search MP bit 

command, see section 5.2.8 "ASCI Command Registers (CMO)." 

Figure 5-14 shows how communications are arranged between multiprocessors using the MP bit. 

-:1 ftddress ~t=x Ad1ress X,--~_at_a __ 

\< >\< >\< >\< 
MP = 1 MP = 0 MP = 1 MP = 0 

Figure 5·14. Sample MP Bit Operation 
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In figure 5-14, T is a transmit station and A, B, C, and D are receive stations. Stations A, B, C, and D 

are assigned addresses 0, 1,2, and 3, respectively. 

To transmit data from T to B, T executes an MP bit on command, then loads data representing the 

address of station B into the transmit buffer. 

The receive stations are continually scanning the communications path. When they receive data with 

the MP bit = 1, they assume that the data is a station address and compare it with their own address. 

In this example, the received data matches the address of station B. All subsequent data with MP bit = 
o is assumed to be destined for B. The other receive stations issue a search MP bit command and 

ignore the data. Thus, the transmit station can transmit data to a specific receive station by transmitting 

the destination address with MP bit = 1 followed by data with MP bit = O. 

To communicate with a different receive station, the transmitter sends a new station address with the 

MP bit = 1. The transmit station can now communicate with a different station. 

5.3.2 Clocked Serial Mode 

In the clocked serial mode, data and clock signals are used for communications (see figure 5-15). Data 

is transmitted and received synchronously using the clock signals. The ASCIICSIO can be used as the 

master or slave in clocked serial mode. 

The clock divider is not available in this mode. When the ASCIICSIO is the slave, the clock source is 

external; when the ASCIICSIO is the master, the internal baud rate generator is used. 

To select the clocked serial mode, set the PRTCL2-0 bits (bits 7-5) in MDO to 110. 
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Character format: Figure 5-15 shows the communications character format for the clocked serial 
mode. 

Synchronous 
clock 

cma ____ ~ __ ~ __ ~ __ D_1~ __ ~::~----~--D-n~-P-~--~--M-P-~-t---
7 or 8 bits (transmit or receive data) Oor 1 bit 

Figure 5·15. Communications Character Format for Clocked Serial Mode 

The character length is 7 or 8 bits and a parity or MP bit is sometimes appendt:d. Specification of the 
paritylMP bit must be the same for the transmitter and receiver. 

The transmit data level changes at the falling edge of the synchronous clock and receive data is read at . 
the leading edge. 

TransmitlReceive operation: The TXCS2-0 bits (bits 6-4) in TXS specify whether the transmitter is 
to be used as the master or slave. For the receiver, the RXCS2-0 bits in F -.'" are used. 

The transmitter and receiver selections can be made independently. Table 5-5 lists the possible 
combinations of master and slave settings. Normal reception operation is not guaranteed when the 
transmitter is the slave and the receiver is the master. 

Table 5·5. Availability of Master/Slave Combinations 

Transmitter Receiver AvaiiablelUnavaiiable 

Master Master 0 

Master Slave 0 

Slave Master x 

Slave Slave 0 
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) 

The master outputs the synchronous clock. The clock line is normally high except that a negative pulse 

is genemted for each bit transmitted or received. 

The slave tmnsmits or receives data depending on the synchronous clock input from the TXCA and 

RXCA lines. In both the master and slave modes, the transmit data level changes at the trailing clock 

edge and receive data is read at the leading clock edge. 

<!> Master mode operation 

Select the internal baud rate generator as the clock source. The transmitter outputs the data and 

clock at the bit rate determined by the baud rate generator. The transmit clock is output on the 

TXCA line. This line remains high when nothing is being transmitted. 

The receiver samples data according to the transmit clock. Even when the ASCI/CSIO is used 

only for reception, enable the transmitter and transmit dummy data as shown in figure 5-16 (2). 

Figure 5-16 (1) shows a sample transmission from the master to the slave. Transmission starts 

when data is loaded into the transmit buffer. The transmit data changes at the falling edge of the 

TXCA clock. The slave samples the data (input from the RXCA line) at the rising edge of the 

TXCAclock. 

® Slave mode operation 
Select the external clock as the clock source. The transmitter outputs data via the TXDA line in 

sync with the clock input via the TXCA line. When there is no output data, the clock is ignored 

and the TXDA line remains at the level of the last bit transmitted. 

The receiver reads data from the RXDA line in sync with the clock input via the RXCA line. 

If the transmit and recf'ive characters are not synchronized, the slave remains suspended after the 

end of tmnsmission/reception. 

In this case, reset the slave with a TX reset or an RX reset command. 

Figure 5-16 (2) shows a sample transmission from the slave to the master. The slave loads data into the 

transmit buffer. Since transmission from the slave is synchronized with the clock input via the TXCA 

line, the master must supply the TXCA clock by tmnsmitting dummy data. The slave transmits data 

using this clock. The master samples data from the slave at the leading edge of the TXCA clock. 

Treatment of the parityIMP bit in the clocked serial mode is the same as in the asynchronous mode. 

Table 5-6 shows tmnsmission/reception operation in the master and slave modes. 
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"-
CD 
ti5 
III 
~ 

TXCA 

TXOA 

TXCA 
(Master) 

Transmit data 

(Master) 

Receive data 

(Slave) 

TXCA 

(Master) 

Transmit data 

(Master) 

Transmit data 

(Slave) 

Receive data 

(Master) 

RXCA 
j 

RXOA C/') 

TXCA TXCA ... 
i 
III 

RXOA TXOA ::E 

u-u-
Do 01 : : 07 

Do 01 : : 07 

(1) Transmission from Master to Slave 

(2) Transmission from Slave to Master 

Figure 5·16. Sample Transmissions in Clocked Serial Mode 
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Table 5·6. TransmissionlReception Operation in Clocked Serial Mode 

Item 

Slave 

mode 

Mode setting 

TXCAline 

RXCAline 

Operation 

Master Mode setting 

mode 

TXCAline 

RXCAline 

Operation 

Transmit 

Receive 

Transmit 

Receive 

Contents 

Select the external clock as the clock source 

Input 

Input 

Outputs data on the TXDA line in synch with the clock 

input via the TXCA line. When no output data exists, the 

clock is ignored and the TXDA line remains at the level of 

the last bit transmitted. 

Reads data from the RXDA line in synch with the clock 

input via the RXCA line. 

Select the internal baud rate generator as the clock 

source 

The transmit clock is output on these lines. They 

remain high when nothing is being transmitted. 

Outputs data and clock at the bit rate determined by the 

baud rate generator. 

Samples data in synch with the transmit clock. When 

performing reception only, enable the transmitter and 

transmit dummy data. 

Note: If the transmit and receive characters are not synchronized, issue a TX or an RX reset command. 

5.4 Transmit/Receive Clock Selection 

5.4.1 Overview 

ASCI/CSIO transmit and receive clock sources are selected from among the following sources: 

• Transmit clock sources 

- TXCA line input 

- 'Baud rate generator output 

Note: The TXCS 2-0 bits of the ASCI TX clock source register (TXS) are used to select a particular transmit clock source. 
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• Receive clock sources 

- RXCA line input clock 

- Baud rate generator output 

Note: The RXCS 2-0 bits of the ASCI RX clock source register (RXS) are used to select a particular receive clock source. 

The internal baud rate generator (BRG) outputs a clock signal produced by dividing the system clock 

signal both to the transmitter and receiver. 

Figure 5-17 shows how the ASCUCSIO clock is supplied for transmission and reception. 

TXCA line input RXCA line input 
~ 

f'-.. 
fBRG = ~ + 2TXBR '----i 

..... 
lMC - ~ ~ Receive clock 

Baud rate I Flock transmit controll 
IiJ G) (1/1,1/16,1/32, or generator I (TMC: 1-256,I(clocked serial) I 

(J) 

TXBR: 0-9)' V 1/64 clock mode) 

'7 
Common to transmit and receive 

f'-.. 
'--------; 

~ ~ Transmit clock 
G) (111, 1/16, 1/32, or (J) 

V 1/64 clock mode) 

ASCI/CSIO 

Figure 5-17. Selecting Transmit and Receive Clocks 
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5.4.2 Supplying the Transmit Clock 

The baud rate generator output or TXCA line input is used as the transmit clock. When the transmitter 

baud rate generator output is used as the transmit clock, the TXCA line functions as a transmit clock 

output. 

In the asynchronous mode, the actual bit rate is determined by the clock mode (1/1, 1/16, 1/32 and 

1/64). In the clocked serial mode, it is determined by the 1/1 clock mode. 

5.4.3 Supplying the Receive Clock 

The baud rate generator output or RXCA line input is used as the receive clock. When the baud rate 

generator output is used as the receive clock, the RXCA line functions as a receive clock output. 

In the asynchronous mode, the actual bit rate is determined by the clock mode (1/1,1/16,1/32, or 

1/64), and in the clocked serial mode, it is determined by the 1/1 clock mode. 

5.4.4 Baud Rate Generator 

The output frequency of the baud rate generator for transmission and reception is obtained by the 

following equation (For details, see section 5.5 "Baud Rate Generator"): 

fl/l 
faRO = --- + 2TXBR 

TMC 

where, 

[

faRO' BRG output frequency ] 
fl/l: . System clock frequency 

TMC: ASCI time constant register value = 1 to 256 

TXBR: ASCI TX clock source register TXBR 3-0 bit values = 0 to 9 
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5.5 Baud Rate Generator 

5.5.1 Overview 

The ASCI/CSIO has a internal baud rate generator (BRG). Its output can be used as the transmit or 

receive clock. The output frequency ranges from f~/2 to f~/217 where, f~ is the CPU clock frequency. 

(1) BRG features 

• Output clock frequency range: f~/2 to f~/217 (217 = 131072) (f~: CPU clock frequency) 

• Frequency accuracy within ± 0.5% for freq~encies ranging from f~/l00 to f~/217 "'. 

'" 50 
If - fBROI S----------

TIme constant register value 

Where, f is the target frequency and fSRO is the BRG output frequency closest to f (f~/2 ~ f ~ f~/217). 

(2) BRG block diagram 

The block diagram of the baud rate generator in the ASCIICSIO is shown in figure 5-18. 

r---B R G 

c-H 11/1 -1/256.1 I 10 BRG l1/21 - 11217 
- Reload timer II Divider 

I output select~ 

BRGoutput 
for transmiVreceive 

v8 .... 4 

I TMC I I TXBR I 
ASCI time constant register (TMC) ASCI TX clock source register (TXS) 

[til: CPU clock] 

Figure 5-18. BRG Block Diagram 
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5.5.2 Functions 

The clock frequency output by the BRG is detennined by the contents of the TMC and TXS. 

TMC is an 8-bit register for specifying the value to be loaded into the baud rate generator reload timer. The 

reload timer is decremented based on the CPU clock ~ and the timer outputs a high level signal during one 

clock cycle, each time the reload timer equals to 1. Thus, high level signals are output in units equal to the 

number of clock cycles specified in the 7-0 bits of TMC, as shown in the figure 5-19. When the TMC v,alue 

is set to 0, it equals 256, and when the TMC value is set to 1, the line is fixed at high level. 

IE TMC 7·0 bit values , 

~ ~JLSl-fl-

Reload timer output ~ L 

Figure 5-19. Reload Timer Output 

The reload timer output is input to the frequency divider. The division ratio for transmit data is 

specified by TXBR 3-0 bits of TXS and the division ratio for receive data is specified by RXBR 3-0 

bits of MRSX. 

The relationship between the register set values and generated clock frequency is given below. 

f~ 
fBRG = ---+ 2TXBR 

TMC 

where, 

[ 

fBRG: BRG output frequency for transmit/receive (fBRG = fill cannot be used.) ] 
fill: CPU clock frequency 

TMC: Value from the ASCI time constant register (1 to 256) 

TXBR: Value from the ASCI TX clock source register (0 to 9) 
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Table 5-7 lists register set values and output clock wavefonns. 

Table 5-7. BRG Output Waveform and Register Set Values 

TXBR Set Value 

1-9 

TMC~1 

o 

TMC=1 

Waveform 

Duty cycle = 50% 

High level for 1 CPU clock cycle 

Duty cycle = 50% when TMC = 2 

Duty cycle ~ 50% when TMC > 2 

Always high (cannot be used as clock) 

TXBR: Value of bits 3-0 of the ASCI TX clock source register 

TMC: Value of bits 7-0 of the ASCI time constant register 

5.5.3 Register Set Values and Bit Rates 

L 

Table 5-8 gives sample settings for frequencies and bit rates in the asynchronous mode. Table 5-9 

gives settings for the clocked serial mode. 

(1) Asynchronous mode 
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Table 5·8. Register Values and Corresponding Bit Rates in Asynchronous Mode 

f~ (MHz) 

Bit Rate 1.7898 2.4576 

(bps) TMC BR CM Deviation (%) TMC BR CM Deviation (%) 
38400 1 1 1/32 0.00 

19200 1 1 1/64 0.00 

9600 1 2 1/64 0.00 

4800 1 3 1/64 0.00 

2400 47 0 1/16 -0.83 1 4 1/64 0.00 

1200 93 0 1/16 -0.25 1 5 1/64 0.00 

600 93 0 1/32 -0.25 1 6 1/64 0.00 

300 93 0 1/64 -0.25 1 7 1/64 0.00 

150 93 1 1/64 -0.25 1 8 1/64 0.00 

110 127 1 1/64 0.10 175 1 1/64 -0.25 

f~(MHz) 

Bit Rate 3.072 4 

(bps) TMC BR CM Deviation (%) TMC BR CM Deviation (%) 
38400 5 0 1/16 0.00 

19200 5 0 1/32 0.00 13 0 1/16 0.16 

9600 5 0 1/64 0.00 13 0 1/32 0.16 

4800 5 1 1/64 0.00 13 0 1/64 0.16 

2400 5 2 1/64 0.00 13 1 1/64 0.16 

1200 5 3 1/64 0.00 13 2 1/64 0.16 

600 5 4 1/64 0.00 13 3 1/64 0.16 

300 5 5 1/64 0.00 13 4 1/64 0.16 

150 5 6 1/64 0.00 13 5 1/64 0.16 

110 109 2 1/64 0.08 71 3 1/64 0.03 

TMC: Value of the TMC7 -0 bits in the ASCI time constant register 

BR: Value of the TXBR3-0 bits in the ASCI TX clock source register 

CM: Clock mode in the asynchronous mode (bit rate/clock rate) 
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Table 5-8. Register Values and Corresponding Bit Rates in Asynchronous Mode (cont.) 

flf (MHz) 

Bit Rate 4.608 4.9152 
(bps) TMC BR CM Deviation (%) TMC BR CM Deviation (%) 

38400 1 1 1/64 0.00 

19200 15 0 1/16 0.00 1 2 1/64 0.00 

9600 15 0 1/32 0.00 1 3 1/64 0.00 

4800 15 0 1/64 0.00 1 4 1/64 0.00 

2400 15 1 1/64 0.00 1 5 1/64 0.00 

1200 15 2 1/M 0.00 1 6 1/64 0.00 

600 15 3 1/64 0.00 1 7 1/64 0.00 

300 15 4 1/64 0.00 1 8 1/64 0.00 
150 15 5 1/64 0.00 1 9 1/64 0.00 

110 41 4 1/64 -0.22 175 2 1/64 -0.25 

flf (MHz) 

Bit Rate 6 6.144 

(bps) TMC BR CM Deviation (%) TMC BR CM Deviation (%) 

38400 5 0 1/32 0.00 

19200 5 0 1/64 0.00 

9600 39 0 1/16 0.16 5 1 1/64 0.00 

4800 39 0 1/32 0.16 5 2 1/64 0.00 

2400 39 0 1/64 0.16 5 3 1/64 0.00 

1200 39 1 1/64 0.16 5 4 1/64 0.00 

600 39 2 1/64 0.16 5 5 1/64 0.00 

300 39 3 1/64 0.16 5 6 1/64 0.00 

150 39 4 1/64 0.16 5 7 1/64 0.00 

110 213 2 1/64 0.03 109 3 1/64 0.08 

TMC: Value of the TMC7 -0 bits in the ASCI time constant register 

BR: Value of the TXBR3-0 bits in the ASCI TX clock source register 

CM: Clock mode in the asynchronous mode (bit rate/clock rate) 
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Table 5-8. Register Values and Corresponding Bit Rates in Asynchronous Mode (cont.) 

r_(MHz) 

Bit Rate 8 9.216 
(bps) TMC BR CM Deviation (%) TMC BR CM Deviation (%) 

38400 13 0 1/16 0.16 15 0 1/16 0.00 
19200 13 0 1/32 0.16 15 0 1/32 0.00 

9600 13 0 1/64 0.16 15 0 1/64 0.00 
4800 13 1 1/64 0.16 15 1 1/64 0.00 

2400 13 2 1/64 0.16 15 2 1/64 0.00 

1200 13 3 1/64 0.16 15 3 1/64 0.00 

600 13 4 1/64 0.16 15 4 1/64 0.00 

300 13 5 1/64 0.16 15 5 1/64 0.00 

150 13 6 1/64 0.16 15 6 1/64 0.00 

110 71 4 1/64 0.03 41 5 1/64 -0.22 

r_(MHz) 

Bit Rate 9.8304 10 
(bps) TMC BR CM Deviation (%) TMC BR CM Deviation (%) 

38400 2 1 1/64 0.00 

19200 2 2 1/64 0.00 

9600 2 3 1/64 0.00 65 0 1/16 0.16 

4800 2 4 1/64 0.00 65 0 1/32 0.16 

2400 2 5 1/64 0.00 65 0 1/64 0.16 

1200 2 6 1/64 0.00 65 1 1/64 0.16 

600 2 7 1/64 0.00 65 2 1/64 0.16 

300 2 8 1/64 0.00 65 3 1/64 0.16 

150 2 9 1/64 0.00 65 4 1/64 0.16 

110 175 3 1/64 -0.25 89 4 1/64 -0.25 

TMC: Value of the TMC7 -0 bits in the ASCI time constant register 

BR: Value of the TXBR3-0 bits in the ASCI TX clock source register 

CM: Clock mode in the asynchronous mode (bit rate/clock rate) 
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Table 5·8. Register Values and Corresponding Bit Rates in Asynchronous Mode (cont.) 

f/if(MHz) 

Bit Rate 12* 
(bps) TMC BR CM Deviation (%) 

38400 

19200 39 0 1/16 0.16 

9600 39 0 1/32 0.16 

4800 39 0 1/64 0.16 

2400 39 1 1/64 0.16 

1200 39 2 1/64 0.16 

600 39 3 1/64 0.16 

300 39 4 1/64 0.16 

150 39 5 1/64 0.16 

110 213 3 1/64 0.03 

TMC: Value of the TMC7 -0 bits in the ASCI time constant register 

BR: Value of the TXBR3-O bits in the ASCI TX clock source register 

CM: Clock mode in the asynchronous mode (bit rate/clock rate) 

* f~ = 12 MHz is used as an example. 
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(2) Clocked serial mode 

Table 5-9. Register Set Values and Bit Rates (clocked serial mode) 

ffiJ (MHz) 

Bit Rate 2.4576 3.072 4 
(bps) TMC BR Deviation (%) TMC BR Deviation (%) TMC BR Deviation(%) 

38400 32 1 0.00 40 1 0.00 52 1 0.16 

19200 32 2 0.00 40 2 0.00 52 2 0.16 

9600 32 3 0.00 40 3 0.00 52 3 0.16 

4800 32 4 0.00 40 4 0.00 52 4 0.16 

2400 32 5 0.00 40 5 0.00 52 5 0.16 

1200 32 6 0.00 40 6 0.00 52 6 0.16 

600 32 7 0.00 40 7 0.00 52 7 0.16 

300 32 8 0.00 40 8 0.00 52 8 0.16 

ffiJ(MHz) 

Bit Rate 4.608 4.9152 6 

(bps) TMC BR Deviation (%) TMC BR Deviation (%) TMC BR Deviation(%) 

38400 60 1 0.00 64 1 0.00 78 1 0.16 

19200 60 2 0.00 64 2 0.00 78 2 0.16 

9600 60 3 0.00 64 3 0.00 78 3 0.16 

4800 60 4 0.00 64 4 0.00 78 4 0.16 

2400 60 5 0.00 64 5 0.00 78 5 0.16 

1200 60 6 0.00 64 6 0.00 78 6 0.16 

600 60 7 0.00 64 7 0.00 78 7 0.16 

300 60 8 0.00 64 8 0.00 78 8 0.16 

ffiJ(MHz) 

Bit Rate 6.144 .8 9.216 

(bps) TMC BR Deviation (%) TMC BR Deviation (%) TMC BR Deviation(%) 

38400 80 1 0.00 104 1 0.16 120 1 0.00 

19200 80 2 0.00 104 2 0.16 120 2 0.00 

9600 80 3 0.00 104 3 0.16 120 3 0.00 

4800 80 4 0.00 104 4 0.16 120 4 0.00 

2400 80 5 0.00 104 5 0.16 120 5 0.00 

1200 80 6 0.00 104 6 0.16 120 6 0.00 

600 80 7 0.00 104 7 0.16 120 7 0.00 

300 80 8 0.00 104 8 0.16 120 8 0.00 

TMC: Value of the TMC7-0 bits in the ASCI time constant register 
BR: Value of the TXBR3-0 bits in the ASCI TX clock source register 
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Table 5-9. Register Set Values and Bit Rates (clocked serial mode) (cont.) 

f~(MHz) 

Bit Rate 9.8304 10 12* 

(bps) TMC BR Deviation (%) TMC BR Deviation (%) TMC BR Deviation(%) 

38400 128 1 0.00 130 1 0.16 156 1 0.16 

19200 128 2 0.00 130 2 0.16 156 2 0.16 

9600 128 3 0.00 130 3 0.16 156 3 0.16 

4800 128 4 0.00 130 4 0.16 156 4 0.16 

2400 128 5 0.00 130 5 0.16 156 5 0.16 

1200 128 6 0.00 130 6 0.16 156· 6 0.16 

600 128 7 0.00 130 7 0.16 156 7 0.16 

300 128 8 0.00 130 8 0.16 156 8 0.16 

TMC: Value of the TMC7 -0 bits in the ASCI time constant register 

BR: Value of the TXBR3-0 bits in the ASCI TX clock source register . 

... fill = 12 MHz is used as an example. 

5.6 Internal Interrupts 

5.6.1 Interrupt Types and Sources 

The ASCIICSIO can issue four types of interrupt requests: TXRDY, RXRDY, TXINT, and RXINT. 

These interrupts originate in the status bits (bits 7,6, 1, and 0) of STO and are enabled/disabled by the 

enable bits (bits 7, 6, 1, and 0) of lEO. 

The TXINT and RXINT internal interrupts are also assigned status bits for individual sources and 

corresponding enable bits. A status bit and its enable bit are ANDed for each interrupt source. The 

interrupt sources are indicated by the TXINT bit (bit 7) or RXINT bit (bit 6) in STO regardless of the 

TXINTE bit (bit 7) or RXINTE bit (bit 6) in the lEO. 
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5.6.2 Interrupt Clear 

An interrupt can be cleared in the following way: 

(1) TXRDY interrupt 

Transfer data into the transmit buffer or disable the transmitter. This interrupt can also be cleared by a 

channel reset or a TX reset command. 

(2) RXRDY interrupt 

Read data from the receive buffer. 

This interrupt can also be cleared by a channel reset or an RX reset command. 

(3) TXINT interrupt 

When the interrupt source is TX idle, change the state by loading transmit data, etc. 

When the interrupt source is a crSA line level change, write 1 in the ccrs bit position (bit 3) in 

STI. 

(4) RXINT interrupt 

When the interrupt source is a DCDA line level change, break start or break end detection, parity 

error, framing error, or an overrun error, write 1 to the corresponding status bit position. 

When the interrupt source is a parity/MP error, write 1 to the PMP bit (bit 6) position in STI or read 

the receive data. When the data is read, a character with the parity/MP bit = 0 is received, and the 

RXRDY bit goes to 1 (enabling the next data read), the interrupt is cleared. 

Table 5-10 lists ASCI internal interrupts. 
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Table 5·10. Internal Interrupts, Sources, and Clear Procedures 

Source 

Interrupt Interrupt Enable Status Enable Clear 
Type Status Bit Bit Source Bit Bit Procedure. 1 

TXRDY TXRDY TXRDYE TX ready Load transmit data to 

interrupt fill the transmit 

buffer or disable the 

transmitter 

RXRDY RXRDY RXRDYE RX ready Read receive data to 

interrupt empty the receive 

buffer 

TXINT TXINT TXINTE 1 Transmitter IDL IDLE Change the state 

interrupt idle state 

2 CTSAline CCTS CCTSE Write 1 to the status 

level change bit Eosition 

RXINT RXINT RXINTE 1 OCDA line level COCO COCDE 1-7: Write 1 in the 

interrupt change status bit 

2 Break: start BRKD BRKDE 4: Read the receive 

detected data *2 

3 Break: end BRKE BRKEE 

detected 

4 Receive data PMP PMPE 

with parity/MP 

bit = 1 

5 Parity error PE PEE 

6 Framing error FRME FRMEE 

7 Overrun error OVRN OVRNE 

* I TXRDY and TXINT interrupts can also be cleared by a channel or TX reset command. RXRDY and RXINT 

interrupts can also be cleared by a channel or RX reset command. 

*2 This source is cleared if the parity/MP bit of the next character is O. The interrupt is cleared when the RXRDY bit 

goes to I (enabling the next data read) after reading the current data. 
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5.6.3 Interrupt Request Conditions 

The conditions for the TXRDY interrupt (TXRDY), RXRDY interrupt (RXRDY), TXINT interrupt 

(TXINT), and RXINT interrupt (RXINT) are listed below. 

(1) TXRDY interrupt request condition 

TXRDY: TXRDY·TXRDYE 

(2) RXRDY interrupt request condition 

RXRDY: RXRDY·RXRDYE 

(3) TXINT interrupt request condition 

TXINT: TXINT·TXINTE 

TXINT = IDL·IDLE + CCTS·CCTSE 

(4) RXINT interrupt request condition 

RXINT: RXINT·RXINTE 

RXINT = CDCD·CDCDE 

+ BRKD·BRKDE 

+ BRKE·BRKEE 

+PMp·PMPE 

+PE·PEE 

+ FRME·FRMEE 

+ OVRN·OVRNE 

Figure 5-20 shows the relationship between the interrupts, status, and enable bits. 
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ASCI status 
register 1 (ST1) 

ASCI interrupt 
enable register 1 
(IE1) 

ASCI status 
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ASCI interrupt 
enable register 2 

IDI. 
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(STO) 
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lXADY 1-+-+---1 

RXRDY 1--+-1-1---1 
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ASCI interrupt 
enable register 0 
(lEO) 

TXINT interrupt 
request 

RXINT interrupt 
request 

TXRDY interrupt 
request 

RXRDY interrupt 
request 

Figure 5-20. Relationship Between Interrupts, Status, and Enable Bits 
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5.7 Application Examples 

5.7.1 Serial Data Transfer by the CPU 

(1) Transferring Transmit Data 

• Polling 

The CPU determines the transfer timing by monitoring the TXRDY bit of STO. The TXRDY interrupt 

must be disabled. 

• Interrupt 

The CPU transfers data when a TXRDY interrupt arrives. A TXRDY interrupt request (if enabled) is 

issued repeatedly while the TXRDY bit (bit 1) in STO is equal to 1. Interrupts stop when the TXRDY 

bit goes to O. 

(2) Transferring Receive Data 

• Polling 

The CPU determines the data transfer timing by monitoring the RXRDY bit (bit 0) in STO. The 

RXRDY interrupt must be disabled. 

• Interrupt 

The CPU transfers data when an RXRDY interrupt arrives. An RXRDY interrupt request (if enabled) 

is issued repeatedly while the RXRDY bit (bit 0) of STO is equal to 1. Interrupts stop when the 

RXRDY bit goes to O. 

5.7.2 Maximum Bit Rates 

Table 5-11 lists the expressions used to calculate the maximum bit rates for the ASCI/CSIO. When 

these bit rates are exceeded, correct operation can not be guaranteed. 
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Table 5·11. Expressions to Calculate Maximum Bit Rates 

Expression to Calculate Maximum Bit Rate 

Protocol Mode Clock Mode External Clock Internal BRG 

Asynchronous 1/64 ff/l+160 ff/l+128 

1/32 ff/l+80 ff/l+64 

1/16 ff/l+ 40 f f/l + 32 

1/1 

Clocked serial 1/1 

(ff/l: System clock frequency) 

For example, in the asynchronous mode if an external clock input is used, the clock mode is 1/32, and 

the system clock frequency is 10 MHz, the maximum bit rate is: 

10 MHz + 80 = 125 kbps 

* Values obtained by the expressions listed in table 5-11 are the maximum frequencies applicable to the transmitter and 

receiver. The maximum receive bit rates are exactly the same as these values, but the maximum transmit bit rates 

actually used are less than the calculated values depending on transmission data timing. 

In the asynchronous 1/1 clock mode or in the clocked serial mode, transmit data is valid after a delay of troD! after the 

falling edge of the input clock as shown in figure 5-21. The receiver samples data at the rising edge of the input clock. 

The minimum low level period of the input clock is: 

tL = troD! + taoS! 

where, tRDSl is the receive set-up time. 

The maximum bit rate is the frequency that satisfies this low level condition. 

Input clock (TXCA) 
(RXCA) 

(TXDA) 
Transmit data (RXDA) 

tL 

trOO1 tRDS1 

Figure 5·21. Input Clock and Transmit Data 
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Fo~ example, iftmDI = 310 ns and tRDsI= 90 ns, the clock low level time is: 

tL = 310 ns + 90 ns = 400 ns 

Assuming that the duty of the clock having this low level time is 50%, the clock period is: 

400 ns + 400 ns = 800 ns 

Therefore, the maximum bit rate is: 

1 
.1.25 Mbps 

800ns 

5.8 Generating MSCI.Compatible Programs 

5.8.1 MSCI Compatibility 

The ASCII CSIO functions as a subset of the MSCI when both are operated in the asynchronous mode. 

Limitations on compatibility are outlined below. 

(1) The baud rate generator setting is common to transmit and receive. 

(2) The transmit/receive character length is 7 or 8 bits. 

(3) The stop bit length is 1 or 2 bits. 

(4) The transmit and receive buffers have only one stage. 

5.8.2 Precautions for Generating MSCI·Compatible Programs 

To write programs that are compatible with the ASCIICSIO and MSCI, observe the following 

precautions: 

(1) The four low-order bits of the ASCI RX clock source register (RXS) must be the same as the four 

low-order bits of the ASCI TX clock source register (TXS). Write Os to the unused bits. 

(2) The transmit/receive character length must be 7 or 8 bits. 

(3) The stop bit length must be I or 2 bits. 

(4) Write transmit data in the transmit buffer when the TXRDY bits (bit 1) in ASCI STO and MSCI 

MSTO are equal to 1. Read receive data from the receive buffer when the RXRDY bits (bit 0) in 

ASCI STO and MSCI MSTO are both 1. 
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5.9 Reset Operation 

·The ASCI/CSIO reset conditions are as follows: 

(1) The receiver and transmitter.are disabled, and the transmitlreceive buffers are cleared. 

(2) The input/output lines (RXCA and TXCA) function as inputs, and the output lines (TXDA and 

RSTA) are placed in the inactive state. 

(3) All the internal registers are reset, and the following operations are selected. 

• Asynchronous mOde (stop bit length of 1, character length of 8 bits, 1/1 clock rate, no parity) is 

entered. 

• Full duplex communication is selected . 

• The transmit/receive status bits and interrupt enable bits are all cleared to O. 

• The TXCA line input is used as the transmit clock and the RXCA line input is used as the receive 

clock. 

• The baud rate generator is initialized. 
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Section 6. Direct Memory Access Controller (DMAC) 

6.1 Overview 

The HD64180S has a two-channel on-chip direct memory access controller (DMAC) that supports a 

proprietary chained-block transfer mode. Channel 0 is connected to the MSCI receiver and channell 

to the MSa transmitter. Other than this, the specifications for the two channels are identical. 

6.1.1 Functions 

The on-chip DMAC supports the following DMA transfer modes: single-block transfer (dual address), 

single-block transfer (single address), and chained-block transfer (single address). The features and 

functions of each operation mode are given below: 

(1) Single-block transfer mode (dual address) 

• Up to 64 kbytes of data can be transferred between memory and memory, or between memory and 

I/O (memory-mapped I/O) in byte units. 

• Up to 1 Mbyte of memory (memory-mapped I/O) can be directly addressed without having to use 

the MMU; up to 64 kbytes of I/O address space can be specified. 

• Memory-to-memory transfers are executed by an auto request function, with burst and cycle steal 

modes selectable. 

• For transfers between memory and I/O (memory-mapped I/O), the method for detecting the external 

DMA request signal DREQ can be selected as edge or level sensitive. 

• Internal interrupt generation on completion of DMA transfer can be specified. 

• Maximum data transfer rate is 1.67 Mbytes/sec (at 10 MHz with no wait states inserted). 
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(2) Single-block transfer mode (single address) 

• Up to 64 kbytes of data can be sent in byte units either from the MSCI to memory (DMAC channel 

0) or from memory to the MSCI (DMAC channell). 

• Up to I Mbyte of memory can be directly addressed without having to use the MMU. 

• Internal interrupt generation on completion of DMA transfer can be specified. 

• Maximum data transfer rate is 3.33 Mbytes/sec (at 10 MHz with no wait states inserted). 

(3) Chained-block transfer mode (single address) 

• This data transfer mode is available between the MSCI and memory when the MSCI is specified for 

the bit synchronous mode (channel 0: MSCI to memory, channell: memory to MSCI). By writing 

and reading data to/from buffers in memory, successive single and multi-frame transfers can be 

performed. 

• Internal interrupt generation on DMA transfer completion or on completion of each frame transfer 

can be specified. 

• Maximum data transfer rate is 3.33 Mbytes/sec (at 10 MHz with no wait states inserted). 

(4) Channel O/channell priority is software-selectable in each of these transfer modes. 
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6.1.2 Configuration and Operation 

The configuration of one ofthe DMAC channels is shown in figure 6-1. 

Address/data bus 

I FCT 
DAR 

-------------------------------(20)-------- DSR 
BAR 

DIR 
SAR (20) DMR A _ 

--CPB-(-4)-T--------u~~-~~d----------

L ___ ---=---'-_-jo>--_-, DMR B H ~ <- DREQ line r CDA (16) Request and I DMA ~ 
EDA (16) priority control Irequest signal :: 

L-______ --' en .-Internal request 
BFL (16) '- (frorn MSCI) 

BCR(16) 

Comparafor (16) 

'----0 Incrementerl 
. decrementer (20) 

OMA execution conlrol 

I L- Bus controf signals 

~ Interrupt request signals 

L-__ ___'> Signal address transfer 
control signals (for MSCI) 

'-------':>' TEND fine 

Figure 6-1. DMAC Block Diagram (one channel) 

The HD641S0S's on-chip DMAC suppons three different operation modes; single-block transfer mode 

(dual address), single-block transfer mode (single address), and chained-block transfer mode. Single­

block transfer (single address) and chained-block transfer are used for DMA operations between the 

on-chip MSCI and memory. 

In each of these modes, DMA transfer is initiated by a transfer request received when DMA has been 

enabled after the DMAC's internal registers have been loaded with the required values (in the DMA 

initial state). 

(1) Single-block transfer mode (dual address) 

In this mode, data is transferred between memory and memory, or between memory and 110 

(memory-mapped 110), by successive pairs of DMA readlwrite cycles, with each pair transferring 

1 byte of data. After the specified number of bytes (up to 64 kbytes) have been transferred, the DMAC 

returns to the DMA initial state. 

For memory-to-memory transfers, the transfer request is made by an auto-request issued by the 

DMAC. When the registers have been initialized, enabling the DMAC causes it to immediately request 

bus control and begin transfer operation. For transfers between memory and 110 (memory-mapped 

1/0), the DREQ signal from the external 1/0 supplies the transfer request. In this case, the DMAC 
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requests bus control and starts the transfer operation when a low (active) DREQ is detected while 

DMAC is enabled. 

(2) Single-block transfer mode (single address) 

In this mode, for transfers between memory and the MSCI, I byte of data is transferred by a single 

memory read or memory write cycle. After the specified number of bytes (up to 64 kbytes) have been 

transferred, the DMAC returns to the DMA initial state. 

Because DMAC channel 0 is hardwired to the MSCI receiver and channell is hardwired to the MSCI 

transmitter, the transfer ~tion for each channel is fixed (channel 0: MSCI ~ memory; channell: 

memory ~ MSCI). 

The transfer request used is an internal request signal specified in accordance with the states of the 

MSCI receive/transmit buffers. 

(3) Chained-block transfer mode 

In this mode, frame boundary-data are transferred between memory and the MSCI by a single address 

type. When the MSCI is set to the bit synchronous mode, I byte of data is transferred by each 

memory read or memory write cycle. After a frame or multi-frames have been transferred, the DMAC 

returns to the DMA initial state. 

In this mode, it is always necessary to establish the required buffers and descriptors in memory before 

performing transfer operations, regardless of the transfer direction. 

The user may establish as many buffers as an application requires. These buffers are linked in a chain 

formation by the descriptors. Thus, the starting address of the buffer and of the next descriptor is 

specified in each descriptor. 

When transferring data from the MSCI to memory, loading the necessary information into the DMAC 

registers and then enabling DMA causes the DMAC to write data sequentially into the receive buffers 

in memory. For memory-to-MSCI transfers, the data in these buffers is read sequentially. Even while 

DMA is enabled, buffers whose contents have already been read/written can be released and reused, 

enabiing the transfer of successive data frames. 

In this mode, transfer requests are generated by an internal request signal specified in accordance with 

the states of the MSCI receive/transmit buffers. The transfer direction is fixed as MSCI ~ memory for 

DMAC channel 0 and memory ~ MSCI for channell. 
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6.1.3 Registers 

Each DMAC channel contains the registers listed in table 6-1. These registers can be accessed using 

the I/O instruction set for the on-chip CPU. 

Table 6·1. Registers 

I/O Address Initial Value 
Register Name Symbol Channel 0 Channell MSBHLSB ReadlWrite 

Destination address register DARL OOS8H 0070H XXXXXXXX R/W 
(buffer address register) Viol (BARL) 

Destination address register DARH OOS9H 0071H XXXXXXXX R/W 
(buffer address register) H*l (BARH) 

Destination address register DARB OOSAH 0072H l111XXXX R/W 
(buffer address register) B*l *2 (BARB) 

Source address register L*3 SARL OOSBH 0073H XXXXXXXX R/W 
Source address reg!ster H*3 SARH OOSCH 0074H XXXXXXXX R/W 
Source address register B SARB OOSDH 007SH l111XXXX R/W 
(chain pointer base) *1*2 (CPB) 

Current descriptor address CDAL OOSEH 0076H XXXXXXXX R/W 
registerL 

Current descriptor address CDAH OOSFH 0077H XXXXXXXX R/W 
registerH 

Error descriptor address EDAL 0060H 0078H XXXXXXXX R/W 
registerL 

Error descriptor address EDAH 0061H 0079H XXXXXXXX R/W 
registerH 

Receive buffer length L BFLL 0062H 007AH XXXXXXXX R/W 

Receive buffer length H BFLH 0063H 007BH XXXXXXXX R/W 
Byte count register L BCRL 0064H 007CH XXXXXXXX R/W 
Byte count register H BCRH 006SH 007DH XXXXXXXX R/W 
DMA status register .4 DSR 0068H 0080H 00000001 R/W 
DMA mode register A DMRA 0069H 0081H 00100000 R/W 
DMA mode register B DMRB 006AH 0082H 00011000 R/W 
Frame-end interrupt-counter FCT 006BH 0083H 00000000 R 

DMA interrupt enable DIR 006CH 0084H 00000000 R/W 
register 

DMA command register DCR 006DH 008SH W 

X : Undefined 

HITACHI 341 



"'I The register names in parentheses are used in the chained-block transfer mode. For details, refer to the descriptions of 
each register. 

"'2 Only the four low-order bits of this register are used. Values written to the four high-order bits are ignored; when read 

these bits always return a value of 1. 

"'3 These registers are not used in the chained-block transfer mode. Therefore, the user should not load any values into 

these registers while in the chained-block transfer mode. 

"'4 Some of the bits in this register are cleared when 1 is written to them; some of these bits are write-only. For details, refer 
to section 6.2.7 nDMA Status Register. n 

In addition to the registers above, the two registers described in table 6-2 are shared by channels 0 and 

1. 

Table 6-2. Registers Shared by Channels 0 and 1 

Register Name 
DMA priority control 

register 

DMA master enable 

register 

342 HITACHI 

Symbol I/O Address 
peR 00lCH 

DMER 00 lOR 

Initial Value 
MSBHLSB 
00000000 

10000000 

ReadlWrite 

R/W 

R/W 



6.2 Registers 

6.2.1 Destination Address Register (DAR) L, H, B 

(Buffer Address Register (BAR) L, H, B) 

One set of these three 8-bit registers is provided for each of channels 0 and 1. 

• Single-block transfer mode (single address/dual address) 

In this mode, these registers are used as the destination address register (DAR) which specifies the 

destination address to which data is to be transferred. The 20-bit destination address is specified by 

DARB (bits 20 - 16), DARH (bits 15 - 8), and DARL (bits 7 - 0). These registers can be used to 

directly access up to 1 Mbyte of memory space without having to use the MMU, or up to 64 kbytes of 

I/O addresses. *1 

The registers should be set in DMA initial state. *2 Mter a reset, the value of these registers is 

undefined. 

*1 When accessing an I/O, the four low-order bits of DARB are output on address lines AI6-19. 

*z The DMAC has the following operation states: initial, enable, and HALT states. For details, refer to section 6.2.12 

"DMA Command Register." 

• Chained-block transfer mode 

In this mode, these registers are used as the buffer address register (BAR) which contains the address 

of the data within the buffer currently being accessed. The DMAC writes this 20-bit memory address 

in BARB (bits 20-16), BARH (bits 15-8), and BARL (bits 7-0). In the chained-block mode, write 

access by the CPU to these registers is prohibited. 

l "I 

Single-block transfer mode 
(dual address) 

Unusel1 DARB DARH DARl 
Single-block transfer mode 
(single address) 

Chained-block transfer Unused· 1 BARB BARH BARl mode 

·1 The unused bits in DARB (BARB) always return a value of t when read. 
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6.2.2 Source Address Register (SAR) L, H, B 

(Chain Pointer Base (CPB» 

One set of these three 8-bit registers is provided for each of channels 0 and 1. 

• Single-block transfer mode (single address/dual address) 

In this mode, these registers are used as the source address register (SAR) which specifies the source 

address of the data to be transferred. The 20-bit source address is specified by SARB (bits 20 - 16), 

SARH (bits 15 - 8), and SARL (bits 7 - 0). These registers can be used to directly access up to 1 

Mbyte of memory space without having to use the MMU, or up to 64 kbytes of I/O addresses. (During 

I/O access, the four low-order bits of SARB are output on Al6-19). 

The registers should be set in DMA initial state. After a reset, the value of these registers is undefined . 

• Chained-block transfer mode 

In this mode, SARB is used as the chain pointer base (CPB) to specify the four high-order bits of the 

20-bit descriptor address. The 64 kbyte memory space specified by this setting is then used as the 

descriptor area. The registers should be set in DMA initial state. After a reset, the value of these 

registers is undefined. 

r ' II l "I 
... 

, 
Single·block transfer mode , , 
(dual address) 0. 

Unusel1 SARB 
, 

SARH SARL , 
Single-block transfer mode 
(single address) , 

Chained-block transfer 
Unused' l CPB Unusel2 Unused*2 

mode 
, 

*1 The unused bits in SARB (CPB) always return a value of 1 when read. 
*2 In the chained-block transfer mode, these registers are used for internal operations. Nothing, therefore, 

should be written to them. 
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6.2.3 Current Descriptor Address Register (CDA) L, H 

One set of these two 8-bit registers is provided for each of channels 0 and 1. 

• Single-block transfer mode (single address/dual address) 

In this mode, these registers are not used. The contents of these registers are irrelevant. 

• Chained-block transfer mode 

These two registers should be initialized to the low-order 16 bits of the 20-bit starting address of the 

descriptor that points to the ftrst buffer to be written or read in the chained-block transfer mode. Later, 

when the buffers are switched, the OMAC will update this to the starting address of the next descriptor. 

The high-order 4 bits of the descriptor are specifted by the chain pointer base (CPB) and are not 

updated by the OMAC. 

These registers can be read even when OMA is enabled. When the CPU reads the current descriptor 

address registers (CDA), CDAL should be read ftrst followed by CDAR. Values read from COAL and 

CDAR are the values at the moment of reading COAL. 

The registers should be set in OMA initial state. After a reset, the value of these registers is undeftned. 

Single·block transfer mode 
(dual address) 

Unused Unused 
Single-block transfer mode 
(single address) 

Chained-block transfer COAH COAL 
mode 
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6.2.4 Error Descriptor Address Register (EDA) L, H 

One set of these two 8-bit registers is provided for each of channels 0 and 1. 

• Single-block transfer mode (single address/dual address) 

In this mode, these registers are not used. The contents of these registers are irrelevant. 

• Chained-block transfer mode 

These two registers should be initialized to the 16 low-order bits of the 20-bit starting address of the 

descriptor that points to the buffer following the last buffer to be written or read in the chained-block 

transfer mode. The 4 high-order bits of the descriptor are specified by the chain pointer base (CPB). 

These registers can be written to by the CPU even when DMA is enabled. When the CPU updates the 

EDA, the EDAL should be written fIrst followed by the EDAH. Both EDAL and EDAH are updated 

at the same time when EDAH is written. After a reset, the value of these registers is undefIned. 

I' H 
151 1 1 1 1 1 

, 
Single-block transfer mode , , 
(dual address) 

, 
Unused 

, 
Unused , 

Single-block transfer mode 
, , 

(single address) 
, , 

Chained-block transfer , 
EDAH 

, 
EDAL mode 

, , 

6.2.5 Receive Buffer Length (BFL) L, H 

One set of these two 8-bit registers is provided for each of channels 0 and 1. 

• Single-block transfer mode (single address/dual address) 

In this mode, these registers are not used. The contents of these registers are irrelevant. 

• Chained-block transfer mode 

These registers are used Qnly during chained-block transfer from the MSCI to memory to specify, the 

buffer length in memory in byte units. 

The registers should be set in DMA initial state. Mter a reset, the value of these registers is undefIned. 
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Single-block transfer mode 
(dual address) 

Unused Unused 
Single-block transfer mode · 
(single address) · · Chained-block I Memory to MSCI Unused Unused 
transfer mode I MSCI to memory BFLH : BFLL 

6.2.6 Byte Count Register (BCR) L, H 

One set of these two 8-bit registers is provided for .each of channels 0 and 1 . 

• Single-block transfer mode (single address/dual address) 

The number of bytes to be transferred (up to 64 kbytes) is set as a 16-bit value in these registers. The 

value in these registers is decremented (-1) each time one byte of data is transferred by the DMAC; 

the transfer operation terminates when this value becomes OOOOH. If OOOOH is set as the initial value, 

64 kbytes will be transferred. 

The registers should be set in DMA initial state. After a reset, the value of these registers is undefined. 

• Chained-block transfer mode 

In this mode, the DMAC writes the number of bytes remaining in the buffer currently being accessed. 

When this value becomes OOOOH, read/write access to the current buffer terminates and the next buffer 

is selected. At this time, the value of the byte count registers (HCR) will be updated, either to the byte 

length stored in the descriptor data length in the case of memory-to-MSCI (send: buffer read) transfers, 

or to the value of the receive buffer length (HFL) in the case of MSCI-to-memory (receive: buffer 

write) transfers. 

The CPU is prohibited from writing data to the HCR during chained-block transfers. After a reset, the 

value of these registers is undefined. 
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Single-block transfer mode 
(dual address) 

Single-block transfer mode 
BCRH BCRl (single address) 

Chained-block transfer 
mode 

6.2.7 DMA Status Register (DSR) 

Identical registers are used for channels 0 and 1 to indicate the status of a DMA transfer. This register 

is also used to enable or disable each DMAC channel. 

7 6 

Single-block transfer 
mode (dual address) '1 -
Single-block transfer 
mode (single address) 

EOT 

Chained-block transfer 
EOM'3 mode 

ReadlWrlte 

In~ial Value 
RNJ 

o 

~ 
End of Transfer 

0: Transfer not completed 
1: Transfer completed 

RNJ 

o 

5 

'1 -

BOF'3 

RNJ 

o 

4 

'1 -

COF'3 

RNJ 

o 

I 

3 

'2 -

o 

Counter Overflow 

• Chained-block transfer 
0: Error not detected 
1 : Error detected 

Buffer OverflowlUnderflow 

• Chained block transfer 
0: Error not detected 
1 : Error detected 

End of Frame Transfer 

• Chained-block transfer 
0: Frame transfer not completed 
1 : Frame transfer completed 

2 

'2 -

o 

DE 

RNJ 

o 

I 
DMAEnabie 

0: Disable 
1: Enable 

o 

--OWE 

W 

DE Bit Write Enable 

0: Enable 
1: Disable 

'1 These bits are reserved. When read, their value is undefined. They can be set to 0 or 1. 
'2 Reserved. These bits always read 0 and should be set to O. 
'3 These bits can be cleared by writing 1 to their bit positions. 
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Bit 7: EOT (End of Transfer) 

• Single-block transfer (dual/single address)/Chained-block transfer mode 

This bit is set to 1 to indicate that the transfer operation by the DMAC has been completed normally. 

See the table "DMAC Operating Modes" in section 6.4.1 for the conditions governing DMA nonnal 

completion. 

This bit is cleared to 0 when 1 is written to it. 

When this bit and the EOTE bit in the DMAC interrupt enable register (DIR) are both 1, the DMAC 

generates an internal interrupt (DMIB). 

Bit 6: EOM (End of Frame Transfer) 

• Single-block transfer mode (dual/single address) 

This bit is reserved. When read, the value returned is undefined. Either 0 or 1 can be written to this 

bit. 

• Chained-block transfer mode 

The EOM bit goes to 1 to indicate that a transfer of one frame has been completed normally. 

Provided that the frame interrupt counter (FCT) is disabled, this bit is cleared when 1 is written to this 

bit position. 

While the FCT is enabled*1 and its value is other than 0000, the EOM bit remains 1. When 1 is 

written to this bit, the counter is decremented. When the counter value becomes 0000, the EOM bit 

goes to O. When the FCT is enabled and the EOM bit is 0, 1 must not be written to this bit. 

The EOM bit is also cleared when a frame-end interrupt-counter-clear command is issued. 

When an FCT overflow occurs, FCT is reset to 0000 and the EOM bit goes to 1. At this time, the 

EOM bit can be cleared by a frame-end interrupt-counter-clear command specified by the DMA 

command register. 

If this bit is 1 and the EOME bit in the DMA interrupt enable register (DIR) is 1, the DMAC generates 

an internal interrupt (DMIB). 

*1 See section 6.2.8 "DMA Mode Register A" for details oftheCNTE bit. 
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Bit 5: BOF (Buffer OverflowlUnderflow) 

• Single-block transfer mode (dual/single address) 

This bit is reserved. When read, the value returned is undefined. Either 0 or 1 can be written to this 

bit. 

• Chained-block transfer mode 

The BOF bit goes to 1 when a buffer overflow or underflow occurs in the DMAC. In this mode, ~uffer 

overflow is defined as the condition that occurs during MSCI-to-memory (receive) transfer when a 

transfer request is issued by the MSCI while the value of the current descriptor address register (CDA) 

and that of the error descriptor address register (EDA) are the same. A buffer underflow is the 

condition during memory-to-MSCI transfer (transmit) when a transfer request is issued by the MSCI 

while the value of the CDA and the EDA are the same. 

When 1 is written to this bit, it is cleared. 

If both this bit and the BOFE bit in DIR are I, the DMAC generates an internal interrupt (DMIA). 

Bit 4: COF (Counter Overflow) 

• Single-block transfer mode (dual/single address) 

This bit is reserved. When read, the value returned is undefined. Either 0 or 1 can be written to this 

bit. 

• Chained-block transfer mode 

The COF bit indicates an overflow of the frame-end interrupt-counter (Fen. It goes to 1 when a 

frame transfer is completed while the FCT value is 1111. At this time, the FCT goes to 0000. 

When 1 is written to this bit, it is cleared. 

If both this bit and the COFE bit in DIR are I, the DMAC generates an internal interrupt (DMIA). 

Bits 3 and 2: Reserved. Bits 3 and 2 are always read 0 and should be set to O. 

Bit 1: DE (DMA Enable) 

• Single-block transfer (duaVsingle address)/Chained-block transfer modes 

This bit enables or disables the corresponding DMA channel. 
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DE Function 

o Disables DMA channel 0 or 1 

1 Enables DMA channel 0 or 1 

When writing a value to the DE bit. 0 must be written to DWE bit at the same time. For auto-requests 

(memory-to-memory transfers), transfer starts when this bit is set to 1. If the transfer request source is 

an extemalline or the MSCI, transfer starts when the request is issued while this bit is 1. 

When the DMA transfer end condition is satisfied, the DE bit of the corresponding channel is 

automatically cleared. For the DMA transfer end condition, see the table "DMAC Operating Modes" 

in section 6.4.1. 

The DMAC enters the halt state when 0 is written to the DE bit during a transfer. 

Bit 0: DWE (DE Bit Write Enable) 

• Single-block transfer (duaVsingle address)/Chained-block transfer mode 

DWE enables write operations to the DMA enable (DE) bit. When writing to the DE bit, 0 must be 

written to DWE. However, since the value of this bit is not retained, 0 must be written to DWE bit 

when writing any values to the DE bit. 

When read, this bit always returns a value of 1. 
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6.2.8 DMA Mode Register A (DMRA) 

Identical registers are used for channels 0 and 1. This register specifies the DMA transfer source, 

transfer mode, transfer direction, number of DMA frames, enable/disable of the frame-end interrupt­

counter, and the method for receiving a DMA request from an external line (level or edge sensitive). 

This register should be set in DMA initial state. 

Single-block transfer 
mode (dual address) 

Single-block transfer 
mode (single address) 

Chained-block transfer 
mode 

ReadlWrite 

Initial Value 

7 6 

RSEL1 RSELO 

RIW RIW 

o 0 

T 
DMA Transfer Request 
Source 

00: External line 
01: Reserved'2 
10: MSCI 
11: Reserved'2 

5 4 3 

'1 -

AMOD TMOD 
RT 

RIW RIW 

~ __ ~ __ O~ 0 r 
DMA Transfer Direction 

• Single-block 
(single address)1 

Chained-block modes 
0: MSClto memory 
1 : Memory to MSCI 

DMA Transfer Mode 

00: Single-block transfer 
(single address) 

01 : Chained-block transfer 
10: Single-block transfer 

(dual address) 
11: Reserved '2 

2 

'1 -

I\F 

RIW 

o 

o 

CNTE DMS 

o 0 

I 
i5REa Input Mode 

• Single-block 
(dual address) 

0: DREO level sensitive 
1: DREO edge sensitive 
• Single-block 

(single address)! 
Chained-block modes 

Set this bit to O. 

Frame-End Interrupt-Counter Enablel 
Disable 

• Single-block transfer 
(single/dual address) 

Set this bit to O. 
• Chained-block transffer 
0: Frame-end interrupt-counter disabled 
1: Frame-end interrupt-counter enabled 

Number of DMA Frames 

• Chained-block transfers 
0: Single frame 
1: Multi-frame 

'1 Reserved bit. When this bit is read, the value returned is undefined. Either 0 or 1 can be written to this bit. 
'2 This selling is reserved. If selected, correct operation cannot be guaranteed. 

Bits '·6: RSELl-O (DMA Transfer Request Source) 

• Single-block (dual/single address)/Chained-block modes 

The RSEL bits specify the DMA transfer request source. These bits are cleared to 0 after reset. 
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RSELl RSELO Function 

0 0 DMA transfer request bY,extemalline 

0 1 Reserved 

1 0 DMA transfer request by MSCI* 

1 1 Reserved 

* The DMS bit in this register must be set to 0 before the DMAC can receive a request from the MSCI. 

Bit 5: AMOD (DMA Transfer Address Mode) 

Bit 4: TMOD (DMA Transfer Mode) 

• Single-block (dual/single address)/Chained-block modes 

These bits specify the DMAC operation mode. After reset, the value of AMOD is 1 and that of TMOD 

is O. 

AMOD TMOD DMAC Operation Mode 

0 0 Single-block transfer (single address) 

0 1 Chained-block transfer 

1 0 Single-block transfer (dual address) 

1 1 Reserved* 

* This setting is reserved. If selected. correct operation cannot be guaranteed. 

Bit 3: RT (DMA Transfer Direction) 

• Single-block transfer (dual address) 

This bit is reserved. When read, the value is undefined. Either 0 or 1 can be written to this bit. 

• Single-block transfer (single address)/Chained-block transfer mode 

In these modes, this bit specifies the direction of the DMA transfer (either from the MSCI to memory 

or from memory to the MSCI). 

This bit is cleared to 0 after a reset. 

RT DMA Transfer Direction 

o From MSCI to memory 

1 From memory to MSCI 
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Bit 2: NF (Number of DMA Frames) 

• Single-block transfer (dual/single address) 

This bit is reserved. When read, the value is undefined. Either 0 or 1 can be written to this bit. 

• Chained-block transfer 

This bit specifies either single or multi-frame chained-block transfer between memory and the MSCI. 

This bit is cleared to 0 after a reset. 

NF Transfer mode 

o Single frame mode 

1 Multi-frame mode 

Bit 1: CNTE (Frame-End Interrupt-Counter EnablelDisable) 

• Single-block transfer (dual/single address) 

In these modes, this bit should be set to O. 

• Chained-block transfer 

This bit specifies enable/disable of the frame-end interrupt-counter (FCT). See section 6.2.7 "DMA 

Status Register" and 6.2.10 "Frame-End Interrupt-Counter." 

This bit is cleared to 0 after a reset. 

CNTE Function 

o Disables the frame-end interrupt-counter 

1 Enables the frame-end interrupt-counter 

Bit 0: DMS (DREQ Input Mode) 

• Single-block (dual/single address)/Chained-block modes 

The DMS bit specifies the mode (level or edge sensitive) in which DMA requests input from an 

extemalline or from the MSCI. 

354 HITACHI 



DMS Function 

o Level sensitive 

When the DMS bit is set to level sensitive, the DMAC samples the DREQ line at the rising 

edge of the III clock, two cycles prior to the end of the current machine cycle. When the 

DMAC acquires the bus control, the DMAC starts transfer operation at the next bus cycle. 

1 Edge sensitive 

When th~ DMS bit is set to edge sensitive, if the DMAC detects a DREQ falling edge prior 

to the rising edge of the III clock two cycles before the end of a machine cycle, the DMAC 

acquires the bus control and starts transfer operation at the next bus cycle. 

Note: When receiving a DMA transfer request from the MSCI (the RSELl~ bits in DMA mode register A are set to I,D) 

the DMS bit must be O. In other words, the DMA request from the MSCI is always level sensitive. 

6.2.9 DMA Mode Register B (DMRB) 

Identical registers are used for channels 0 and 1. This register is used to specify the transfer direction 

when single-block (dual address) mode has been selected. It is also used to specify the transfer mode 

in the single-block transfer between memory and memory. The single-block (dual address) mode is 

specified by the AMOD and TMOD bits in DMA mode register A. 

This register should be set in DMA initial state. 

7 6 5 

Single-block transfer 
mode (dual address) 

Single-block transfer *1 *1 *1 
mode (single address) - - -
Chained-block transfer 
mode 

ReadlWrite 

Initial Value o o 

Destination (address increment or decrement) 

• Single-block (dual address) 
00: Memory (+1) 
01: Memory (-1) 
10: Memory (fixed) 
11: I/O (fixed) 

o 

4 3 

DMI DMO 

_*2 _*2 

RIW RIW 

I 

2 

SMI 

_*2 

RIW 

o 

SMO 

_*2 

RIW 

o 

o 

MMOD 

_*2 

RIW 

o 

Source (address increment or decrement) 

• Single-block (dual address) 
00: Memory (+1) 
01: Memory (-1) 
10: Memory (fixed) 
11: I/O (fixed) 

Mode for Memory-to-Memory 
Transfers 

• Single-block (dual address) 
0: Cycle steal mode 

·1 Reserved. These bits always read 0 and should be set to O. 1 : Burst mode 

*2 Reserved. When read, these bits are undefined. They can be set to 0 or 1. 

HITACHI 355 



Bits 7·5: Resetved. These bits always read 0 and should be set to O. 

Bits 4·3: DM1·0 (Destination) 

• Single-block (dual address) 

The DM bits specify the DMA transfer destination (memory or I/O), as well as address 

increment/decrement. These bits are both set to 1 after reset. 

DMI 

o 

o 

1 

1 

DMO 

o 

1 

o 
1 

Function 

Memory is specified as the destination; the destination address register (DAR) 

is incremented (+ 1) after each byte transfer. 

Memory is specified as the destination; DAR is decremented (-1) after each 

byte transfer. 

Memory is specified as the destination; the address is not changed. 

I/O is specified as the destination; the address is not changed. 

• Single-block (single address)/Chained-block transfer modes 

In these modes, these bits are resetved. When read, the value returned is undefmed. When writing to 

these bit positions, either 0 or 1 can be written. 

Bits 2·1: SM1·0 (Source) 

• Single-block (dual address) 

The SM bits specify the DMA transfer source (memory or I/O), as well as address 

increment/decrement. These bits are cleared to 0 after reset. 

8Ml 8MO Function 

0 0 Memory is specified as the source; source address register (SAR) is 

incremented (+1) after each by(e transfer. 

0 1 Memory is specified as the source; SAR is decremented (-1) after 

each byte transfer. 

1 0 Memory is specified as the source; the address is not changed. 

1 1 I/O is specified as the source; the address is not changed. 

• Single-block (single address)/Chained-block transfer modes 

In these modes, these bits are resetved. When read, the value returned is undefmed. When writing to 

these bit positions, either 0 or 1 can be written. 
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The DMI-O and SMI-O bits are used in combination to specify the following transfer modes. 

DMl DMO SMl SMO Transfer Mode Address IncrementIDecrement*l 

0 0 0 0 Memory-to-Memory SAR + 1, DAR + 1 

0 0 0 1 Memory-to-Memory SAR-l,DAR+ 1 
0 0 1 0 Memory*2 -to-Memory SAR fixed, DAR + 1 

0 0 1 1 I/O-to-Memory SAR fixed, DAR + 1 

0 1 0 0 Memory-to-Memory SAR+ I,DAR-l 

0 1 0 1 Memory-to-Memory SAR-l, DAR-l 

0 1 1 0 Memory*2 -to-Memory SAR fixed, DAR - 1 

0 1 1 1 I/O-to-Memory SAR fixed, DAR - 1 
1 0 0 0 Memory-to-Memory*2 SAR + 1, DAR fixed 

1 0 0 1 Memory-to-Memory*2 SAR -1, DAR fixed 

1 0 1 0 Reserved*3 

1 0 1 1 Reserved*3 

1 1 0 0 Memory-to-I/O SAR + 1, DAR fixed 

1 1 0 1 Memory-to-I/O SAR - 1, DAR fixed 
1 1 1 0 Reserved*3 

1 1 1 1 Reserved*3 

"'I SAR: Source address register 
DAR: Destination address register 

"'2 Because this address is fixed, the memory in this mode could be used as memory-mapped I/O. 

"'3 This setting is reserved. If selected, correct operation is not guaranteed. 

There are 12 modes available. Transfers between I/O (memory-mapped I/O) and I/O (memory­

mapped I/O) are not allowed. 

Irrespective of the address increment/decrement setting, the ME line is always asserted (low) when 

memory (including memory-mapped I/O) is specified; likewise, the 10E line is asserted Oow) when 

I/O is specified. 

When I/O or memory-mapped I/O is specified as either the source or destination, DMA operation is 

controlled by the DREQ line. For transfers between memory and memory, DMA operation is not 

affected by the DREQ line (auto-request). 
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Bit 0: MMOD (Mode for Memory-to-Memory Transfers) 

• Single-block mode (dual address) 

MMOD specifies the DMA mode (cycle steal or burst) for transfers between memory and memory. 

MMOD Function 

o Cycle Steal mode. The bus is released at the end of each byte transfer. During the bus 

cycle of another master, the DMAC continues to request the bus. 

1 Burst mode. In the burst transfer mode, once a DMA transfer starts, the DMAC retains 

control of the bus until the transfer is completed. Bus control is never returned to the CPU. 

The DMAC continues to request bus control until the byte count register goes to OOOOH. 

• Single-block mode (single address}/Chained-block mode 

This bit is reserved. When read, the value returned is undefmed. Either 0 or 1 can be written to this 

bit position. 

6.2.10 Frame-End Interrupt-Counter (FCT) 

Identical registers are used for channels 0 and 1. This read-only 4-bit counter counts the unprocessed 

interrupts which occurred during a chained-block transfer between the MSCI and memory in the multi­

frame transfer mode. 

7 6 5 4 3 2 o 
Single-block transfer 
mode (dual address) 

_*2 _*2 _*2 _*2 
Single-block transfer *1 *1 *1 *1 
mode (single address) - - - -
Chained-block transfer 

FC13 FCT2 FCT1 FCTO mode 

ReadlWrne R R R R 

Initial Value 0 0 0 0 0 0 0 0 

I 
Frame-End Interrupt-Counter Value 

*1 Reserved. These bits always read O. 
*2 Reserved. When read, these bns are undefined. 
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Bits 7-4: These bits are reserved. They always read O. 

Bits 3-0: FCT3 - 0 (Frame-End Interrupt-Counter Value) 

• Single-block mode (dual/single address) 

These bits are reserved. When read, the value is undefined. 

• Chained-block mode 

In the chained-block multi-frame transfer mode, the DMAC can request a DMIB intemal interrupt 

(frame end interrupt) at the'end of each frame. (The DMAC remains enabled and successive interrupts 

can occur.) If the transfer of successive requested frames is completed before the CPU executes the 

interrupt processing routine, some interrupt requests might remain unprocessed. This register counts 

such interrupts. 

The frame-end interrupt-counter (FCT) is enabled or disabled by the CNTE bit in DMA mode register 

A (DMRA). For details, see section 6.2.8 "DMA Mode Register A." 

The EOM bit in the DSR remains at 1 until this counter goes to 0000. When 1 is written to the EOM 
bit, the FCT is decremented. (While the FCT is enabled and its value is 0000, the EOM bit in the DSR 

must not be set to 1.) 

If frame transfer continues after the counter value reaches 1111, the DMAC stops the transfer operation 

after the next I-frame transfer has been completed. At this time, the COF bit in the DSR goes to 1. If 

the COFE bit in the DMA interrupt enable register is I, the DMAC generates a counter overflow 

interrupt (DMIA). 

At this time, the FCT goes to 0000 and the EOM bit in DSR goes to 1. The EOM bit can be cleared by 

a frame-end interrupt-counter-clear command specified by the DMA command register. 
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6.2.11 DMA Interrupt Enable Register (Dm) 

Identical registers are used for channels 0 and 1. 

The DIR register enables interrupts caused by the EaT, EOM, BOF, and COF bits of the DSR. 

7 6 

Single-block transfer 
mode (dual address) '1 -
Single-block transfer 

EOTE mode (single address) 

Chained-block transfer 
EOME mode 

ReadlWrite RIW RIW 

Innial Value 0 0 

I 
Transfer End Interrupt 
Enable 

0: Disable 
1: Enable 

5 

'1 -

BOFE 

RIW 

o 

4 3 

'1 -
_'2 

COFE 

RIW 

o 0 

I 
Counter Overflow 
Interrupt Enable 

2 

_'2 

o 

• Chained-block transfer mode 
0: Disable 
1: Enable 

Buffer Overflow/Underflow 
Interrupt Enable 

_'2 

o 

Frame Transfer End Interrupt 
Enable 

• Chained-block transfer mode 
0: Disable 

• Chained-block transfer mode 
0: Disable 
1: Enable 

1: Enable 

'1 Reserved. When read. these bits are undefined. They can be set to 0 or 1. 
'2 Reserved. These bits always read 0 and should be set to o. 

Bit 7: EOTE (Transfer End Interrupt Enable) 

• Single-block (dual/single address)/Chained-block transfer 

o 

_'2 

o 

EOTE specifies whether to enable or disable a DMA normal end interrupt (DMIB) originating from, the 

EaT bit. 

EOTE Function 

o Disables an internal interrupt (DMIB) caused by the EOT bit 

1 Enables an internal interrupt (DMIB) caused by the EaT bit 
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Bit 6: EOME (Frame Transfer End Interrupt Enable) 

• Single-block transfer (dual/single address) 

This bit is reserved. When read, the value is undefined. Either 0 or 1 can be written to this bit 

position. 

• Chained-block transfer mode 

EOME specifies whether to enable or disable a DMA frame end interrupt (DMIB). 

EOME Function 

o Disables an internal interrupt (DMIB) caused by the EOM bit 

1 Enables an internal interrupt (DMIB) caused by the EOM bit 

Bit 5: BOFE (Buffer OverflowlUnderfiow Interrupt Enable) 

• Single-block transfer (dual/single address) 

This bit is reserved When read, the value is undefined. Either 0 or 1 can be written to this bit position. 

• Chained-block transfer mode 

BOFE specifies whether to enable or disable a buffer overflow/underflow interrupt (DMJA). 

BOFE Function 

o Disables an internal interrupt (DMJA) caused by the BOF bit 

1 Enables an internal interrupt (DMIA) caused by the BOF bit 

Bit 4: COFE (Counter Overflow Interrupt Enable) 

• Single-block transfer (dual/single address) 

This bit is reserved. When read, the value is undefmed. Either 0 or 1 can be written to this bit 

position. 

• Chained-block transfer mode 

COFE specifies whether to enable or disable a counter overflow interrupt (DMIA). 

COFE Function 
o Disables an internal interrupt (DMIA) caused by the COF bit 

1 Enables an internal interrupt (DMJA) caused by the COF bit 

Bits 3-0: Reserved. These bits always read 0 and should be set to O. 
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6.2.12 DMA Command Register (DCR) 

Identical registers are used for channels 0 and 1. The DCR register is used to issue a software abort or 

frame-end interrupt-counter-clear command for the DMAC. This register always reads.OOH. 

Single-block transfer 
mode(dual address) 

Single-block transfer 
mode(single address) 

Chained-block transfer 
mode 

ReadlWrite 

Initial Valu~ 

7 6 

_·1 _·1 

5 4 

_·1 ·1 - -

3 2 

·1 ·1 -

o 

CMD1 CM)O 

w w 

I .2 
Command Specification 

01: Software abort 
10: Frame-end interrupt­

counter-clear 
Others: Reserved 

*1 Reserved. These bits always read 0 and should be set to o. 
*2 These commands should not be issued while the corresponding DMAC channel Is enabled (DE - 1). 

No values other than those shown here (01 H and 02H) should be written to this register. 

Command Name 

Software abort (OlH) 

Frame-end interrupt -

counter-clear (02H) 

Function 

Initializes the corresponding DMAC channel (see figure 6-2). All 

DMAC registers maintain their previous value. 

Clears the frame-end interrupt-counter (FCT) of the corresponding 

DMAC channel to OH and the EOM bit in the DSR to O. 

If the DMAC has been disabled by software (DE bit cleared), the DMAC must be initialized by a 

software abort command before the new DMAC operation. This is necessary because the DMAC 

retains its internal state after being disabled. 

If the DMAC has been disabled because the transfer end conditions were satisfied, no initialization is 

necessary. 

The state transition diagram for the three operating modes of the DMAC (initial state, enable state, and 

halt state) is shown in figure 6-2. 
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Software abort 

Hardware reset 
) 

DE~ 0 

DE~ 

(Software) 

Figure 6-2. Software Abort and DMAC Operation 

If the DE bit in the DSR is cleared by the CPU while the DMAC is enabled, the DMAC enterS the halt 

state. 

Issuing a software abort command while the DMAC is halted initializes it. The DMRA, DMRB, DSR, 

PCT, and DIR remain unchanged. 

Note: The mode. address. and data length should not be changed during the DMAC halt or enable states. If it is necessary 

to change these values. the DMAC should be initialized by a software abort in advance. 

After a DMA operation is completed (see the explanation of transfer end conditions in table 6-5 "DMAC Operating 

Modes"), the DMAC is initialized and no software abort commands are necessary. 

6.2.13 DMA Priority Control Register (PCR) 

PCR is shared by DMAC channels 0 and 1. It specifies channel priority. 

When both channels issue a DMA request. the higher priority channel is given control of the bus. * 

* DMA transfer may be requested by the following sources: an external signal ~ line). an internal request 

(MSCI). or auto-request. See section 6.4 "Operating Modes." 
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Single-block Transfer 
Mode (dual address) 

Single-block Transfer 
Mode (single address) 

Chained-block Transfer 
Mode 

ReadlWrite 

Initial Value 

7 

. -

o 

6 5 4 

. . . - - -

o o o 

• These bits are reserved. They always read 0 and must be sello o. 

3 2 

. . - -

o 0 

I 
Channel Priority 

. -

o 

o 

PRO 

ANI 

o 
I 

0: Channel 0 has priority over channel 1 
1: Channel 1 has priority over channel 0 

Bits 7-1: Reserved. Bits 7-1 always read 0 and should be set to O. 

Bit 0: PRO (Channel Priority) 

<;ingle-block (dual/single address)/Chained~block transfer 

PRO Function 

o DMAC channel 0 has priority over channell. 

1 DMAC channell has priority over channel O. 
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6'.2.14 DMA Master Enable Register (DMER) 

DMER is shared by DMAC channels 0 and 1. It specifies whether to enable or disable the DMAC. 

Single-block Transfer 
Mode (dual address) 

Single-block Transfer 
Mode (single address) 

Chained-block Transfer 
Mode 

ReadlWrite 

Initial Value 

7 6 

DME -. 

o 

I 
DMA Master-Enable 

0: Disable 
1: Enable 

5 

. -

o 

• Reserved. These bits always read 0 and should be set to O. 

Bit 7: DME (DMA Master-Enable) 

4 3 2 

. . . - - -

o o o 

• Single-block transfer (single/dual address)/Chained-block transfer modes 

Enables channels 0 and 1. 

DME Function 

o Disables both DMAC channels 

1 Enables both channels (depending on each DE bit) 

o 

. . - -

o o 

The DME bit is set to 1 by a reset. When the NMI line is asserted, the DME bit goes to O. This 

disables the DMAC and allows control to be passed to the CPU. The DE bit and DMAC internal states 

are not affected by the NMI signal. After the NMI has been processed, the DMAC can be restarted by 

writing a 1 to the DME bit. 

Figure 6-3 shows DME bit state transitions during NMI processing. Figure 6-4 shows the DMA enable 

logic. 
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Main routine 

DME = 1~ NMI processing routine 

/ DME f- 0 (Automatic) 

NMI~ / 

DME f- 1 (Software) 

RETN instruction 

Figure 6·3. DME Bit State Transitions 

DME 

L...
--6=-..... DMAC channel 0 enable DE bit of DMAC channel 0 -----1-----l: ' 

DMAC channel 1 enable 
--------l DE bit of DMAC channel 1 

Figure 6·4. DMA Enable Logic 

The DME bit can be set to 1 by software (it cannot be cleared). 

Bits 6·0: Reserved. Bits 6 • 0 always read 0 and should be set to O. 

NMI and DMA Operation: If an NMI occurs during DMAC operation, the DMAC completes the 

current byte transfer, then passes control to the CPU. The DME bit in the DMA Master Enable Register 

is cleared and the DMA transfer is suspended. Since the DE bits and internal register values remain 

unchanged, the DMAC can be restarted by setting the DME bit. 

Figure 6-5 shows the effect of an NMI on DMAC operation. An NMI could be used to suspend 

DMAC operation. 
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DMA read cycle DMA write cycle CPU cycle 

T2 T3 

NMI DME=O 
(DMA stopped) 

H the NMIline goes low prior to the falling clock edge immediately before T3. the CPU steals the next machine cycle and 
the DMAC is disabled. 

Figure 6-5. Effect of an NMI on DMAC Operation 
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6~3 Descriptor 

In the chained-block transfer mode, transmit/receive data is stored in buffers in system memory. Each 

buffer has a descriptor indicating its attributes. The buffers are linked by these descriptors. 

6.3.1 Chained-block Transfers from Memory to the MSCI (Transmit) 

Figure 6-6 shows descriptors and buffers in system memory for chained-block transfers from memc;ny 

to the MSCI. 

-- -
,-

--

r-

- --

Memory 

----
Chain pointer A (16 bits) 

Buffer pointer A (20 bits) ;; 
Data length A (16 bits) 

Status A (8 bits) 

7 Chain pointer B (16 bits) 

Buffer pointer B (20 bits) 

Data length B (16 bits) 

Status B (8 bits) 
CJ : Transmit data 

~ 

Descriptor table 

Figure 6-6. Descriptors and Buffers for Chained-block Transfers from 

Memory to the MSCI 

The descriptor consists of a 16-bit chain pointer, 20-bit buffer pointer, 16-bit data length field, and an 

8-bit status field. These fields are allocated to system memory in bytes. Figure 6-7 shows the format 

of a descriptor. A detailed explanation of the descriptor follows. 
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Address Bit 7 

2n 

2n+ 1 

2n+2 

2n+3 

2n +4 

2n+5 

2n+6 

2n + 7 

2n+8 

2n+9 

Chain pointer (L) (8 bits) 

Chain pointer (H) (8 bits) 

Buffer pointer (L) (8 bits) 

Buffer pointer (M) (8 bits) 

'-- (Reserved)· 
I Buffer pointer (H) (4 bits) 

Data length (L) (8 bits) 

Data length (H) (8 bits) 

Status (8 bits) 

(Reserved)· 

Bit 0 

• The reserved areas in the descriptor are not overwritten by the DMAC and therefore retain their previous value. 

Figure 6·7. Descriptor Format 

Chain Pointer (16 Bits): The chain pointer specifies the 16 low-order bits of the 20-bit start address of 

the next descriptor. The four high-order bits are specified by the chain pointer base (CPB). The chain 

pointer value is loaded into the Current Descriptor Address Register (CDA) during buffer switching. 

Buffer Pointer (20 Bits): The buffer pointer specifies the start address of the buffer corresponding to 

this descriptor. The buffer pointer value is loaded into the Buffer Address Register (BAR) at the start 

of transfer or during buffer switching. 

Data Length (16 Bits): Data length specifies the length (in bytes) of the data in the buffer 

corresponding to this descriptor. The data length value is loaded into the Byte Count Register (BCR) at 

the start of transfer or during buffer switching. 

For chained-block transfers from memory to the MSCI (transmit), this is controlled by the CPU 

(initialized by the CPU). 

Status (8 Bits): Status specifies a frame transfer end or DMA transfer end after the buffer data 

corresponding to this descriptor has been transferred. 

For chained-block transfers from memory to the MSCI (transmit), this is controlled by the CPU 

(initialized by the CPU). 
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Table 6-3 shows the status fonnat for chained-block transfers from memory to the MSCI (transmit). 

Table 6·3. Status Configuration (transmit) 

Bit Function 

7 EOM 

6 (Unused) 

5 (Unused) 

4 (Unused) 

3 (Unused) 

2 (Unused) 

1 (Unused) 

0 EOT 

The functions of these bits are described below. 

Bit 7: EOM (End of Frame Transfer) 

Specifies whether or not the frame ends with the corresponding buffer. 

EOM Function 

o The frame does not end with the corresponding buffer. 

1 The frame ends with the corresponding bl;lffer. 

Bit 0: EOT (End of Transfer) 

In multi-frame mode, this specifies whether or not to end the DMA transfer after transferring the 

current frame. 

EOT Function 

o End of transfer is not specified. 

1 End of transfer is specified after transferring the current frame. 

Note: Status bits 6 - 1 are not used for chained-block transfers from memory to the MSCI. 
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6.3.2 Chained· block Transfers from the MSCI to Memory (Receive) 

Figure 6-8 shows descriptors and buffers in system memory for chained-block transfers from the MSCI 

to memory. 

<1: ... o 
0. 
'5 
:g 
o 

Memory 

...... ..------------.-
--~ 

Chain pointer A (16 bits) 

Buffer pointer A (20 bits) 

Data length A (16 bits) 

Status A(8 bits) 

Chain pointer B (16 bits) 
1----

Buffer pointer B (20 bits) 

Data length B (16 bits) 
--------

Status B (8 bits) 

---------~ ------.. ------ -------------
Descriptor table 

. . 

Buffer A --~hl 
Receive buffer 
iength (BFL) 

t-----,-..,..B-u-If-er-B-----~F 1 
Current write position 

D : Receive data 

Figure 6·8. Descriptors and Buffers for Chained· block Transfers from the MSCI to Memory 

The descriptor format for chained-block transfers from the MSCI to memory is the same as that shown 

in figure 6-7. The functions of the associated fields are listed below. 

Chain Pointer (16 Bits): The chain pointer specifies the 16 low-order bits of the 20-bit start address 

of the next descriptor. The four high-order bits are specified by the chain pointer base (CPB). The 

chain pointer value is loaded into the current descriptor address register (CDA) during buffer 

switching. 

ButTer Pointer (20 Bits): This specifies the start address of the buffer corresponding to this descriptor. 

The buffer pointer value is loaded into the buffer address register (BAR) at the start of transfer or 

during buffer switching. 

Data Length (16 Bits): Data length indicates the length (in bytes) of data in the buffer corresponding 

to this descriptor. 
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For chained-block transfers from the MSCI to memory (receive), the length is specified by the DMAC. 

After the DMAC loads the receive data into the buffer, it loads the byte count of the data which is 

written to the buffer into this field. 

Status (8 Bits): This indicates the status of the data in the buffer corresponding to this descriptor. 

For chained-block transfers from the MSCI to memory (receive), the status is specified by the DMAC. 

After the DMAC loads the data into the buffer, it loads the status of the data which is written to the 

buffer into this field. 

Table 6-4. Status Configuration (receive) 

Bit Function 

7 EOM 

6 Short frame 

5 Abort 

4 Residue bit 

3 Overrun 

2 CRC 

1 (Unused) 

0 (Unused) 

Table 6-4 shows the status configuration for chained-block transfers from the MSCI to memory 

(receive). 

If the frame ends with the buffer corresponding to the descriptor, the MSCI Frame Status Register 

(MFST) value, which is set immediately after the MSCI transmits the end-of-frame from the receive 

buffer to the internal data bus, is written to status bits 7-0.* If the frame does not end with the buffer 

corresponding to the descriptor and if the buffer is switched inside a frame, status bits 7-0 are cleared. 

* For an explanation of each bit, see sections 4.2.11 "MSCI Status Register 2" and 4.2.13 "MSCI Frame Status Register." 

6.4 Operating Modes 

6.4.1 Overview 

The on-chip DMAC supports single-block transfer modes (duaVsingle address) and chained-block 

transfer mode (single address). Each transfer mode is summarized in table 6-5. 
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:I 

~ 
() 
:I -Co) 
...... 
Co) 

Table 6-S. DMAC Operating Modes 

Operating Mode*!. Single-block traDSler mode Single-block traDSler mode Chained·block traDSler mode (single address) 
(dual address) (single address) 
Between Memory Between Memory Memory to MSCI MSClto Memory to MSCI I MSCI to Memory 
and Memory and 1/0*2 (memory Memory Single frame I Multi-frame Single rrame Multi·frame 

mappedI/O) traDSler traDSler traDSler transfer 
Requesting Source Auto request*3 Extemalline or MSCI 

MsCI 
Data transfer unit Single block Single block Single frame I Multi·frame Single frame Multi·frame 
Bus mode Before transfer Control is based on Started by a request from the MSCI. 

start either the burst one of two methods. A request from the MSCI is level sensitive. 
or cycle steal mode The request line is 
must be selected. *4 either edge or level 

sensitive. *5 

Minimum transfer 6 cycles 3 cycles 
cycle/byte 
Opera Source Specified by source address register (SAR) MSCI receiver Specified by buffer address MSCI receiver 
tion address register (BAR) 

Destination Specified by destination address register MSCI transmitter Specified by DAR MSCI transmitter Specified by BAR 
address (DAR) 
Thmsfer Nor· The number of byteS of data specified in the byte count register (BCR) has been One frame has The frame One frame has 
end mal transferred. been specified by been 
condition end transferred. the descriptor transferred. -

status field 
has been 
transferred. 

Error (1) A DMA transfer request is issued when the error 
end - descriptor address register (BDA) and current descriptor 

address register (CDA) match. 
(2) Frame-end interrupl-counter (FCT) overflows when it is 
enabled. 

Available MSCI Modes - Asynchronous, byte synchronous, or bit synchronous Bit synchronous 

*1 The operating mode is specified using the AMOD and TMOD.bits of the DMA mode register A. For details. see section 6.2.8 "DMA Mode Register A." • 
*2 I/O includes the MSCI. When the MSCI is specified as the source or destination, the request line is level sensitive. In this case. the DMS bit in the DMA mode register A 

(DMRA) should have been cleared in advance. 
*3 The DMAC issues transfer requests. Thmsfer starts immediately after the DMAC is enabled. 
*4 For details on burst and cycle steal transfers. see section 6.4.2 "Single·Block Transfers between Memory and Memory (Dual Address)." 
*5 For details on edge· or level·sensitive DREQ input for transfer requests. see section 6.4.3 "Single-Block Transfers Between Memory and I/O (Memory·Mapped I/O) 

(Dual Address)." 



6.4.2 Single-block Transfers Between Memory and Memory (Dual Address) 

(l) Operation 

For single-block transfers between memory and memory (dual address type), the source start address, 

destination start address, and transfer byte count must be loaded into the source address register (SAR), 

destination address register (DAR), and byte count register (BeR), respectively. 

Figure 6-9 shows an example of a single-block transfer between memory and memory (dual address). 

HD64180S System memory 

DMA control register 

SAR (20 bits) 

DAR (20 bits) 

BeR (16 bits) 

Figure 6-9. Single-block Transfers Between Memory and Memory (Dual Address) 

The memory address data pointed to by SAR is DMA-transferred in byte units to the memory address 

pointed to by DAR. The number of bytes to be transferred is specified in BCR. BCR is decremented each 

time one byte of data is transferred. When BCR reaches OOOOH, the DMAC stops transfer and enters the 

DMA "initial state. At this time, an internal interrupt is generated (if enabled). 

In the memory-to-memory single-block transfer mode (dual address), either burst transfer or cycle steal 

transfer can be selected. 
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In the burst mode, the DMA cycle lasts until the DMA transfer is complete (the byte count register 

reaches OOOOH). The DMAC then passes control to the CPU. 

In the cycle steal mode, the DMAC passes control to the CPU or another bus master* after transferring 

each byte of data. The CPU executes one machine cycle, then passes control back to the DMAC as 

follows: 

c CPU operates for one machine cycle 

DMA operation (I-byte transfer) .. 

This is repeated until the transfer end conditions are satisfied. 

* See section 3.5 "Bus Arbiter." 

(2) Register setting 

Follow the six steps listed below to begin a single-block transfer between memory and memory (steps 

(j) to @ do not have to be completed in sequence). 

(j) Load the source start address into the SAR and the destination start address into the DAR. 

@ Load the transfer byte count into the BCR. 

® Select the single-block transfer mode (dual address) by setting the AMOD bit and TMOD bit in 

DMRA to I and 0, respectively, and clearing CNlE bit in DMRA. 

@ Select the memory-to-memory transfer mode and the address increment/decrement by using the 

SMI-O bits and the DMI-O bits in DMRB for the source and destination, respectively. 

@ Select either cycle steal or burst mode for the DMA using the MMOD bit in DMRB. 

® After completing steps (j) to @ , set the DE bit to I (in DSR). After this write cycle is completed, I 

machine cycle of the next instruction is executed before DMA transfer starts. 

IT a bus cycle for a bus master other than the CPU is inserted immediately after the DSR write cycle, 

DMA transfer starts immediately after the bus cycle. Consequently, the next instruction is executed 

after the DMA transfer. 
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(3) External bus timing 

Figure 6-10 shows external bus timing for the memory-to-memory single-block transfer mode (dual 

address type) using cycle steal transfer. 

DMACYCI~I" CPU cycle -I- DMAcycle(~etransfer) -I- CPU cycle -I- DMAcycle 
Read cycle r Write cycle 

n n Th n n Th n n Th n n Th n n Th 

A~A19 ____ ~ ________ ~~ ______ ~~~~ ____ -4~~ ________ ~-+ ______ -+~_ 

Figure 6-10. Memory.to·Memory Single. block Transfer 

(Dual Address)(Cycle Steal Mode) 

In this transfer mode, memory read and write cycles are successively executed to transfer one byte of 

data. 

Notes on the timing for memory-to-memory single-block transfer mode: 

(j) Transfer requests are issued by auto-request; the DlEQ line input has no effect on DMA transfers. 

® Wait states can be inserted between the T2 and T3 states in each bus cycle (memory read and write 

cycles) using the WAIT line or the wait control register. 
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@ One Ti clock cycle is inserted before the first byte of transfer. 

@ In the last byte of the DMA transfer cycle (BCR = OOOOH), the TEND line is asserted from the rising 

edge of T2 in a DMA read cycle to the end of the DMA write cycle. (The TEND signal is output in 

the single-block transfer mode (dual address), independent of transfers between memory and 

memory and between memory and I/O (memory-mapped I/O». 

6.4.3 Single-block Transfers Between Memory and I/O (Memory-mapped I/O) (Dual Address) 

(1) Operation 

For single-block transfers between memory and I/O (memory-mapped I/O) (dual address type), the 

source start address, destination start address, and transfer byte count must be loaded into the source 

address register (SAR), destination address register (DAR), and byte count register (BCR), 

respectively. 

Figure 6-11 shows an example of a single-block transfer from memory to I/O (memory-mapped I/O) 

(dual address type). 

HD641BOS System memory 

DMA control register 
sou~ce start address 

I ~ 
~ ... 

1------/ J 
SAR (20 bits) 

DAR (20 bits) 

BCR (16 bits) 

Extemall/O (including memory-mapped 

1/0) or MSCI 

An example of a single-block transfer from memory to 1/0 (memory-mapped 110) 

Figure 6-11. Single-block Transfers between Memory and I/O 

(Memory-mapped I/O) Using Dual Address Type 
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The memory address data set in SAR is DMA-transferred in byte units to the I/O (memory-mapped 

I/O) address set in DAR. The number of bytes to be transferred is specified in BCR. BCR is 

decremented each time one byte of data is transferred. The change in the address value to be set in 

SAR must be plus or minus one, and the DAR value must be fIxed. When BCR reaches OOOOH, the 

DMAC stops transfer and enters the DMA initial state. At this time, an internal interrupt is generated 

(if enabled). 

For single-block transfers between memory and I/O (memory-mapped I/O), a transfer request from an 

external I/O device is received via the DREQ line. The DREQ line input can be level or edge sensitive 

(level sensitive for requests from the MSCI). The level- and edge-sensitive modes of the DREQ line 

are explained below assuming that no bus requests are issued from bus masters (external I/O devices, 

refresh controller, and the other channel of the on-chip DMAC) other than the DMAC. 

If the DREQ line is lev71 sensitive, DMA operation continues as long as the DREQ line is low. 

When it goes high, control is passed to the CPU*l after the current data transfer is completed. The 

CPU then executes one machine cycle. If the DREQ line is still high, the CPU executes another 

machine cycle. 

While the DREQ line is high, the CPU has control of the bus. When the DREQ line goes low again, 

the CPU completes the current machine cycle, then passes control to the DMAC. The DREQ signal is 

sampled, at the rising edge of th,e III clock one state before the 1'3 state in the DMA write cycle. Figure 

6-12 shows how the DREQ line level affects the CPU and the DMAC. 

* 1 Bus masters other than CPU can have control of the bus. For details. see section 3.5 "Bus Arbiter." 

DMA write cycle DMA write cycle *1 

DREQ 

*1 In this example, lID is specified as the destination and two wait states are inserted. 
*2 An arrow indicates when the r:mEQ signal Is sampled. 

Figure 6·12. CPU and DMA Operation When the DREQ Line is Level Sensitive 
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If the DREQ input line is edge sensitive, DMA operation starts when a falling edge is detected on the 

DREQ line. If another falling edge is detected between after the falling edge of the f1I clock Tl state in 

the DMA read cycle and before the rising edge of the f1I clock (one state before TJ) in the write cycle, 

the DMAC continues operation. If another falling edge is not detected, control is passed to the CPU 

after the current transfer is completed. Unless a falling edge on the DREQ line is detected prior to the 

rising edge of the f1I clock (one state prior to T3 or Ti) during the CPU's machine cycle, the CPU 

continues operation. If an edge is detected, control is passed to the DMAC at the end of the current 

machine cycle. If two or more falling edges are inserted before the DMA transfer, only one transfer is 

performed. 

Figure 6-13 shows how the DREQ line level affects the CPU and the DMAC. 

DMA DMA 
write cycle write cycle· 

Tw T3 T1 T2 T3 T1 T2 T3 T1 T2 Tw T3 T1 T2 T3 

1 I~ 1 1 
DREQ 

• In this example, 110 is specified as the destination and one wait state is inserted. 

Figure 6·13. CPU and DMA Operation When the DREQ Line is Edge Sensitive 

(2) Register setting 

To start a single-block transfer (dual address) between memory and I/O (memory-mapped I/O) follow 

the 6 steps listed below (steps CD to ® do not have to be completed in sequence). 

CD Load the memory start address into the SAR (or the DAR), and the I/O address in the DAR (or the 

SAR). 

® Load the transfer byte count into the BCR. 

(j) Select the single-block transfer mode (dual address type) by setting the AMOD bit in DMRA and 

clearing the TMOD bit and the CNTE bit in the DMRA. 
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@) Select either the DREQ line or MSCI as a DMA transfer requesting source using the RSEL 1 - 0 bits 

in DMRA. For the DREQ input, specify whether edge or level sensitive using the DMS bit in 

DMRA and for MSCI, clear the DMS bit (level sensitive). 

@ Specify the transfer direction whether memory-to-I/O (memory-mapped I/O) or I/O (memory­

mapped I/O}-to-memory and also specify memory address increment/decrement using DMI-0 bits 
and SMI-O bits in the DMA mode register B (DMRB). 

® After completing steps CD to @, set the DE bit in DSR to 1. The DMAC will start DMA operation 
according to the request of the DREQ or MSCI. 

(3) External bus timing 

Figure 6-14 (a) and (b) shows the external bus timing for single-block transfer between memory and 
I/O (memory-mapped I/O) (dual address). 

TL 

I. Memory read cyCle. I. 1/0 write cycle .1 
T, T2 T3 T, T2 T3 

DREQ 

Arr-A'9 ____________ ~~~----~~~~:-:----.-;I-

Drr-D7 ---------------r~----~ 

ME 

10E 

RD 

WR 

Figure 6-14. (a) Memory-to-I/O Single-block Transfer Mode (Dual Address) 

380 HITACHI 



Memory read cycle or Memory-mapped I/O write 
memory-mapped I/O read cycle I cycle or memory write cycle 

,. • • "I 
T3 

OAEQ 

Ao-A19 
--------------~,~~~~~~~~+-~-----+-;'~ 

00-07 

ME 

AD 

WA 

Figure 6-14. (b) Single-block Transfer between Memory and 

Memory-mapped 110 (Dual Address) 

In single-block transfers between memory and I/O ( memory-mapped I/O), memory read cycle and I/O 

(memory-mapped I/O) write cycle, or I/O (memory-mapped I/O) read cycle and memory write cycle, 

are successively executed to transfer one byte of data. 

Notes on the timing for this transfer mode: 

(i) DREQ line input sampling: 

The level-sensitive DREQ line is sampled at the rising edge of the III clock two states before the end 

of a machine cycle. 

The edge-sensitive DREQ line is sampled at the rising edge of each III clock. Requests are received 

when the DREQ falling edge is detected before the III clock rising edge appears two states before the 

end of the machine cycle. 
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~ Wait states can be inserted between the T2 and T3 states in each bus cycle (memory read/write cycle 

and I/O (memory-mapped I/O) read/write cycle) using the WAIT line or the wait control register. 

(When the MSCI is specified as the I/O, wait states cannot be inserted to I/O cycle.) 

@ One Ti clock cycle is inserted before the first byte is transferred. 

@ In the last one-byte DMA transfer cycle (BCR = OOOOH), the TEND line remains active from the 

rising edge of T2 in a DMA read cycle to the end of the DMA write cycle, as shown in figure 6-15. 

(The TEND signal is output in the single-block transfer mode (dual address), independent of 

memory-to-memory transfer or memory-to/from-I/O (memory-mapped-I/O) transfer.) 

Last DMA cycle (BeR = OOOOH) 

DMA read cycle 1 DMA write cycle 
I 

TEND 

Figure 6·15. TEND Output Timing 

6.4.4 Single. block Transfers Between Memory and the MSCI (Single Address) 

(1) Operation 

The HD64180S allows single-block transfers from the MSCI to memory using DMAC channel 0 and 

from memory to the MSCI using DMAC channell. 

For single-block transfers from the MSCI to memory (single address), the destination start address and 

transfer byte count must be set in the DMAC channel 0 destination address register (DAR) and byte 

count register (BCR), respectively. For single-block transfers from memory to the MSCI (single 

address), the source start address and transfer byte count must be set in the DMAC channell source 

address register (SAR) and byte count register (BCR), respectively. 
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Figure 6-16 shows single-block transfer between memory and MSCI (single address). 

HD64180S 

DMA control register channel 0 : Destination 
start address 

DAR (20 bitS) ~- --~: - tJi"c,c, 
: *-'If-

I ___ • r}'If-
BCR(16bits) r--- : ~c:.0 

L-__ ~ __ ~ __ ~ ~ov 

DMA control register channel 1 

SAR (20 bits) ~ 

BCR (16 bits) ==t------+~--------------------------------'--' 

Figure 6·16. Single·block Transfers between Memory and MSCI 

(Single Address) 

For MSCI-to-memory transfers, the number of bytes of data set in BCR is DMA-transferred in byte 

units from the MSCI receiver to the memory address specified in DAR of channel O. 

For memory-to-MSCI transfers, the number of bytes of data set in BCR is DMA-transferred in byte 

units from the memory address set in SAR of channel 1 to the MSCI transmitter. 

BCR is decremented each time one byte of data is transferred. When BCR reaches OOOOH, the DMAC 

stops transfer and enters the DMA initial state. At this time, an internal interrupt is generated (if 

enabled). 

In the single-block transfers between memory and MSCI (single address), transfer requests are 

generated by a level-sensitive MSCI internal request signal. 
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(2) Register setting 

To start a single-block transfer between memory and the MSCI, follow the five steps listed below 

starting with the DMA in its initial state (Steps (j) to @ do not have to be completed in sequence). 

(j) For memoiy-to-MSCI transfers, load the memory start address of the source into the source address 

register (SAR). For MSCI to memory transfers, load the memory start address of the destination into 

the destination address register (DAR). 

® Load transfer byte count into the byte count register (BCR). 

@ Specify single-block transfer mode (single address) by clearing the AMOD, TMOD, and CNTE bits 

inDMRA. 

@ Set the RSELl bit in DMA mode register A (DMRA) to 1 and clear the RSELO to specify the MSCI 

as the transfer requesting source. Clear the DMS bit in DMRA to select the level-sensitive request 

signal. Set the RT bit to 1 for memory-to-MSCI transfers and to 0 for MSCI-to-memory transfers. 

@ After steps (j) to @ above, set the DE bit in DSR to 1 to start a DMA operation. 

(3) External bus timing 

Figures 6-17 (a) and (b) show the external bus timing for single-block transfers between memory and 

MSCI (single address). 
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I· Memory read cycle 

·1 
T2 T3 

Ao-A19 Memory address 

00-07 

Sample data 

ME 

RO 

Figure 6·17. (a) Memory·to·MSCI Single. block Transfer Mode 

(Single Address) 
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I-
Memory write cycle ~I 

T2 T3 

Ao-A19 Memory address 

00-07 Write data 

ME 

WR 

Figure 6·17. (b) MSCI-to-Memory Single-block Transfer Mode 

(Single Address) 

In single-block transfers between memory and the MSCI (single address), one byte of data transfer is 

completed in one memory read or write cycle. Accordingly, high-speed DMA transfer of 3 states/byte 

is possible. 

Notes on the timing for this transfer mode: 

<D Transfer requests are initiated by MSCI's internal DMA request signals (DREQR' DREQT)*; the 

DREQ line has no effect on DMA transfers. 

® Wait states can be inserted between the T2 and T3 states in each bus cycle (memory read cycle and 

memory write cycle) using the WAlT line or the wait control register. 

* See figure 6-24. 
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® One Ti clock cycle is inserted before the first byte is transferred. 

@ The TEND line output is fixed at the high level and is not set to active level upon completion of 

transfer. 

6.4.5 Chained· block Transfers from Memory to the MSCI 

(1) Operation 

For chained-block transfers from memory to the MSCI*, frames of data are transmitted from a system 

memory buffer to the MSCI operated in the bit synchronous mode using the single-address DMA 

transfer mode. Transfer requests are issued by using a level-sensitive MSCI internal request signal. 

* Chained-block transfer mode is not available when the MSCI is operated in the asynchronous or byte synchronous mode. 

Memory-to-MSCI transfer employs DMAC channell. For this transfer mode, follow the steps below 

starting with the DMA in its initial state (Steps (i) to ® may be completed in any order). 

(i) Specify the chained-block transfer mode using DMA mode register A (DMRA). 

® Load the four high-order bits of the 20-bit descriptor address into the chain pointer base (CPB). 

Since the CPB value is fixed during operation, the descriptor can be assigned to any consecutive 64 

kbyte area in system memory. 

® Load the start address (16 low-order bits) of the descriptor, which specifies the buffer next to the last 

transmit buffer, into the error descriptor address register (EDA). 

@ Load the start address (16 low-order bits) of the descriptor which specifies the first transmit buffer 

into the current descriptor address register (CDA). 

® Specify the values for the chain pointer, buffer pointer, data length, and status in each descriptor. 

Figure 6-18 shows an example of chained-block transfer from memory to the MSCI. 
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I CPB (4 bits) 
4 high-order bits of the 
descriptor address 

Read underflow descriptor start 
address (low-order 16 bits) 

Start address of the descriptor 
being read (low-order 16 bits) 

Memory address of the data 

System memory 

Descriptor Buffer 

being read U---L-d=:I:~--~~ 
Byte count of the data 
remaining in the buffer 
being transferred to the MSCI '-'----i>r-----"'-----, 

CJ : Empty buffer 

~ : Data already transferred to MSCI 

H"",H : Data to be transferred to MSCI 

Figure 6-18. Chained-block Transfer from Memory to the MSCI 

At the start of a DMA transfer, data in the buffer corresponding to the descriptor specified by CPB and 

CDA is transmitted to the MSCI transmitter. At this time, the DMAC writes the 20-bit memory 

address of the buffer being read to the buffer address register (BAR), and the number of bytes 

remaining to be read-in the buffer to the byte count register (BCR). When the transfer starts, the 

DMAC writes the value of the buffer pointer of the corresponding descriptor to BAR and the data 

length value of the corresponding descriptor to BCR. 

Each time one byte of data is transferred, BAR is incremented and BCR is decremented. When BCR 

equals OOOOH, data transfer stops and the DMAC updates CDA to indicate the start address of the next 

descriptor, after which data is read from the buffer specified by the descriptor (the buffer is switched). 

In this way, by updating the descriptor, data in the buffers specified by the descriptors is transferred. 
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In the chained-block transfer mode, since transfer is performed in frame units, different frames cannot 

be saved in the same buffer. H a buffer contains the end of a frame, the EOM bit in the status field of 

the descriptor specifying the buffer must be set to 1. When single-frame transfer is specified, data up 

to the end of the frame in a buffer is transferred after which CDA is updated before completion of the 

DMA transfer. The descriptor, with the EOT bit of status set to 1, notifies the DMAC of the 

completion of data transfer after transferring the data in the specified buffer. This notification indicates 

the multiple frames transfer has completed. 

At completion of frame or DMA transfer, the DMAC issues internal interrupt DMIB (if enabled). 

EDA should initially contain the 16-bit low-order address of the descriptor specifying the frrst buffer 

which contains no transmit data. H data has been written to the buffer specified by the descriptor, the 

CPU updates EDA to indicate the start address of the descriptor specifying the next empty buffer. 

(EDA can be written to even when DMA is enabled.) This allows transmit data to be added and 

modified while DMA is enabled. 

When the CDA and EDA values are equal and a transfer request is issued, the DMAC terminates 

transfer. At this time the DMAC issues internal interrupt DMIA (if enabled). 

Figure 6-19 shows the operation flow in the memory-to-MSCI chained-block transfer mode. Table 6-6 

lists the functions of the registers used for chained-block transfers from memory to the MSCI. 

For memory-to-MSCI chained-block transfer mode, either a single-frame transfer or multiple-frame 

transfer can be selected. For single frame transfers, transfer is completed with one frame, after which 

the DMA initial state is re-entered. At the same time, the DE bit is automatically cleared. When the 

DE bit is set again, the DMAC restarts operation. 
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No 

Load cltain pointer 
(16 bits) into DMAC 
work register 

Load buffer pointer 
(20 bits) into BAR 

Load data length 
(16 bits) into BCR 

Load status (8 bits) 
into DMAC work 
register 

Transfer 1 byte of data 
and decrement BCR 

Load the next descriptor 
start address from work 
register to CDA 

Yes 

Figure 6·19. Chained·block Transfer from Memory to the MSCI 



Table 6·6. Control Registers Used for Chained· block Transfer from Memory to 

the MSCI (Transmit) 

Register 

Name 

Number of 

Bits 

Function 

description 

Role in 

DMAC 

operation 

Chain 

Pointer Base 

(CPB) 

4 

Specifies the 

four high-

order bits of 

the 20-bit 

descriptor 

start address. 

Error Current 

Descriptor Descriptor Receive 

Address Address Buffer 

Register Register Length 

(EDA) (CDA) (BFL) 

16 16 16 

Specifies the Specifies the 16 

16 low-order low-order bits 

bits of the of the start 

start address address of the 

of the descriptor 

descriptor corresponding 

corresponding to the first 

to the buffer transmit buffer. 

preceding the This address is 

last transmit updated by the 

buffer. DMACduring 

buffer chaining. 

After the 

DMAC starts, it 

loads the 16 

low-order bits 

of the start 

address of the 

descriptor 

corresponding 

to the buffer 

being 

transferred into 

the MSCI. 
-------------------------------
Transfer ends when a transfer 

request is issued while the EDA 

and CDA match. An internal 

interrupt, if enabled, is generated. 

Byte Buffer 

Count Address 

Register Register 

(BCR) (BAR) 

16 20 

Specifies the Specifies the 

byte count of system 

the data to be memory 

transferred to address of the 

the MSCI. data being 

Writing to this transferred to 

register by the the MSCI. 

CPU is Writing to this 

inhibited. register by the 

CPU is 

inhibited. 

When the When a 

contents of transfer 

this register request is 

equal OOOOH, issued, data is 

reading from read from the 

the current address 

buffer is specified by 

completed. this register. 
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Table 6-6. Control Registers Used for Chained-block Transfer from 

Memory to the MSCI (Transmit) (cont.) 

Error 

Chain Descriptor 

Pointer Address 

Register Base Register 

Name 

Register 

update 

Register 

updated 

by the 

CPU 

(CPB) (EDA) 

[Under [Under 

CPU CPU' 

control] control] 

This The start address 

register of the descriptor 

should be indicating the 

initialized buffer following 

before the last buffer 

transmission. containing 

transmit data is 

loaded. To add 

transmit data 

dwinga 

transmission, load 

the start address 
of the descriptor 

indicating the next 

buffer to be 

written. 
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Current 

Descriptor 

Address Register 

(CDA) 

When the current 

buffer read is 

completed, the 

next descriptor 

start address is 

automatically 

loaded into this 

register. 

The start address 

of the descriptor 

indicating the first 

buffer containing 

transmit data is 

loaded before 

transmission starts. 

Receive Byte 

Buffer Count 

Length Register 

(BFL) (BCR) 

The contents of 

Buffer Address 

Register (BAR) 

The contents of 

this register are this register are 

decremented by 1 incremented by 

each time one byte 1 each time one 

is read. When the byte is read. 

buffer is switched, When the buffer 

the byte length is switched, the 

specified by the next buffer start 

descriptor is 

loaded 

address is 

loaded 



Table 6-7 shows a memory-to-MSCI chained-block single-frame transfer using four descriptors and 

buffers. In this example, data is not added to the buffers during transmission. Frame 1 DMA operation 

ends after operations (j) to ® at which the DMAC enters the DMA initial state. The transfer control 

register value is retained and thus frame 2 DMA transfer subsequently starts by setting the DE bit. 

When frame 2 transfer is completed, CDA and EDA contents are equal. Accordingly, transfer is not 

performed even if an additional request is issued from the MSCI, and an internal interrupt DMIA is 

generated (if enabled). 

Table 6-8 shows memory-to-MSCI chained-block multiple-frame transfer using four descriptors and 

buffers. In this example, data is added to the buffer during transmission. After operations (j) and @, 

additional transmit data is written to buffers 2 and 3 by the CPU. At the same time, EDA is also 

updated to the start address of the descriptor indicating buffer O. In this way, the data in buffers 2 and 3 

is transferred following buffer 1 data. 

Since the DMAC remains active after one frame has been transferred in multiple-frame transfer, there 

might exist multiple DMIB internal interrupts (frame end interrupts) which have not yet been serviced. 

The number of unserviced interrupts is stored in the frame-end interrupt-counter (FCT). When the 

FCT value is 1111 and frame transfer continues, counter overflow occurs and the DMAC terminates 

the transfer after transmitting the current frame. The FCT value is then reset to 0000, and an internal 

DMIA interrupt is generated (if enabled). For details, see sections 6.2.8 "DMA Mode Register A" and 

6.2.10 "Frame-End Interrupt-Counter." 

Table 6-7. Chained-block Transfer from Memory to MSCI (single frame transfer) 

(Normal transmit operation) 

DMAC CPU CDA EDA DEBit 
Step Operation Operation Contents Contents Value Remarks 
(j) Ao~CDA Ao A3 1 CDA specifies the 

A3~EDA first buffer 

1 ~DE bit address 

containing 

transmit data and 

EDA specifies the 

buffer after the 

last one to be 

transmitted. 

Read data Ao A3 1 

from buffer 0 
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Table 6·7. Chained·block Transfer from Memory to MSCI (single frame transfer) (cont.) 

(Nonnal transmit operation) 

Step 
(3) 

@ 

@ 

® 
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DMAC 
Operation 

Al ..... CDA 

Read data 

from buffer 1 

A2 ..... CDA 

0 ..... DE bit 

Read data 

from buffer 2 
A3 ..... CDA 

0 ..... DE bit 

CPU 
Operation 

1 ..... DE bit 

CDA 
Contents 

Al 

Al 

A2 

A2 

A3 

EDA DEBit 
Contents Value 

A3 1 
A3 1 

o 

A3 1 
A3 1 

A3 o 

Remarks 

After the transfer 

of one frame. the 

transfer ends and 

the DE bit is 

cleared. 

When 1 is written 

to the DE bit, the 

DMACcan 

accept a transfer 

request. 

If 1 is written to 

the DE bit and a 

transfer request is 

accepted. a DMIA 

interrupt is 

generated. 

(An: Start address of each descriptor) 



.. Status after step <D 

Frame 1 

Frame 2 

c:==J : Transmt data 

• Status after step til 

A1 1 

D~B 
A2 1. 

D~B 
A3 1. 
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Table 6·8. Chained· block Transfer from Memory·to·MSCI (multi.frame transfer) 

(When adding transmit data during transmission) 

DMAC CPU CDA EDA DEBit 
Step Operation Operation Contents Contents Value Remarks 

CD Ao-+CDA Ao A2 1 CDA specifies the 

A2-+EDA buffer containing 

1-+ DE bit the transmit data. 
@) Reads data Ao A2 1 

from buffer 0 
@ AI-+CDA Al A2 1 
@ Loads transmit Al A.3 1 Adds transmit 

data into data to the buffer 

buffer 2. and rewrites 

A.3 -+ EDA EDA. 

Loads transmit Al Ao 1 

data into 

buffer 3. 

Ao-+EDA 
@ Reads data Al Ao 1 

from buffer 1. 
(7) A2-+CDA A2 Ao 1 

(An: Start address of each descriptor) 
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0' Status after step <D 

A1 ! 

D~~ 
A2 ! 

A3 ! 

c:::JJ : Transmit data 

o Status after step (7) 

A1 ! 

CDA D~B 

A3 ! 

c=::J: Transmit data 

(2) Register, descriptor setting 

For memory-to-MSCI chaip.ed-block transfer mode, follow the steps below starting with the DMA in 

its initial state (Steps <D to @ may be completed in any order). 
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<Ii Generate an arbitrary number of descriptors in any system area (64 kbytes or less)",1. Specify a 16-

bit chain pointer, 20-bit buffer pointer, 16-bit data length and status EOM and EOT bits in each 
descriptor. ",2 

'" 1 Since the 4 high-order bits of the 2O-bit address are specified by the CPB, the 4 high order bits are common to a 64 
kbytearea. 

*2 Descriptors may be specified during the DMA halt state. 

® Set the bits in the DMA mode register A(DMRA) as follows: 

RSELl = 1, RSELO = 0, AMOD = 0, TMOD = 1, RT = 1, and DMS = 0 

® Clear the NF bit in DMRA for single-frame transfer and set the NF bit for multiple-frame transfer. 

@) Load the four high-order bits of the 20-bit descriptor address into the chain pointer base (CPB). 

@ Load the start address (16 low-order bits) of the descriptor corresponding to the buffer next to the 

last transmit buffer into the error descriptor address register (ED A). 

® Load the start address of the descriptor corresponding to the first transmit buffer into the current 

descriptor address register (CDA). 

(2) After completing steps CD to lID , set the DE bit to 1 to start DMA operation. 

(3) External bus timing 

For memory-to-MSCI chained-block transfer mode, one byte of data transfer is completed in one 

memory read cycle. The memory read cycle timing is the same as that for the memory-to-MSCI 

single-block transfer mode (single address) shown in figure 6-17 (a). 

Prior to the start of DMA transfer and during buffer switching, this transfer mode requires special 

cycles for the DMAC to read a descriptor and perform other operations, as shown in figure 6-20. At 

the start of a DMA transfer, 32 states are inserted. 

During buffer switching, one internal state indicated by[*2] (for the middle of a frame) or five states 

(for the end of a frame) are inserted. This is followed by 32 states in which the next descriptor is 

read. 
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*1 Downward arrows· ! • indicate where another bus master cycle can be inserted. 
*2 One cycle for the middle of a frame and five cycles for the end of a frame. 

Figure 6-20. Memory-to-MSCI Chained-block Transfer Timing 
(for the Start of Transfer and Buffer Switching) 



6.4.6 Chained-block Transfers from the MSCI to Memory 

(1) Operation 

For chainr-block transfers from the MSCI to memory, frame-boundary data received by the MSCI 

receiver (m the bit syn"chronous mode) is DMA-transferred in byte units using the single address mode. 

Transfer requests are initiated by the MSCI using a level-sensitive internal request signal. 

The chained-block transfer mode is not available when the MSCI is operated in the asynchronous or 
byte synchronous mode. 

MSCI-to-memory transfer employs DMAC channel O. For this transfer mode, follow the steps below 

starting with the DMA in its initial state (Steps <D to ® can be completed in any order). 

<D Specify the chained-block transfer mode using the DMA mode register A (DMRA). 

@) Load the four high-order bits of the 20-bit descriptor address into the chain pointer base (CPB). 

Since the CPB value is fixed during operation, the 4 high order bits specify a common 64 kbyte area 

in system memory. 

@ Load the start address (1610w-order bits) of the descriptor, which specifies the buffer next to the last 

write-enabled buffer, into the error descriptor address register (BDA). 

@) Load the start address (16 low-order bits) of the descriptor indicating the first buffer in which receive 

data should be written into the current descriptor address register (CDA). 

® Load the buffer length in bytes into the receive buffer length (BFL). This value is shared by all 

buffers. 

® Specify the values for the chain pointer and buffer pointer for each descriptor. 

Figure 6-21 shows an example of a chained-block transfer from the MSCI to memory. 
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CPB(4bits). 
4 high-order bits of the 
descriptor address 

Write overflow descriptor 
start address 
(16 low-order bits) 

Start address of the 
descriptor which indicates 
the buffer being written 
(16 low-order bits) 

Memory address of the 
data being written 

Byte count of the data 
remaining in the buffer 

Receive buffer length 
(byte count) 

System memory 

, 
........................... 

CJ : Empty buffer 

~ : Receive data 

Figure 6-21. Chained-block Transfer from the MSCI to Memory 

At the start of a DMA transfer, receive data is transferred from the MSCI receiver to the buffer 

corresponding to the descriptor specified by CPB and CDA. At this time, the DMAC writes the 20-bit 

memory address of the buffer being written to the buffer address register (BAR), and the number of 

bytes remaining to be written in the buffer to the byte count register (BCR). When the transfer starts, 

the DMAC writes the value of the buffer pointer of the corresponding descriptor to BAR and the value 

of BFL to BCR. 
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Each time one byte of data is transferred, BAR is incremented and BCR is decremented. When BCR 

equals OOOOH, data transfer stops and the DMAC writes the receive data length to the descriptor and 

updates CDA to point to the starting address of the next descriptor (the buffer is switched). At that 

time, both BAR and BCR are also updated by the DMAC. Thus, the buffer pointer value of the 

discriptor is written to BAR and the value of BFL is written to BCR. In this way, by updating the 

descriptor, transfer of data in the buffers specified by the descriptors is accomplished. 

If the end of a frame is detected in the buffer being written, the buffer is immediately switched, an4 the 

DMAC writes the MSCI frame status register (MFST) value, which is obtained immediately after the 

data is transferred, into the status area of the corresponding descriptor. (At this time, the receive data 

length is also written.) For single-frame transfers, DMA transfer ends when CDA is updated. For 

multiple-frame transfers, the buffer is switched and CDA, BAR, and BCR are updated after which the 

next buffer is written. 

At the completion of frame transfer, the DMAC issues internal interrupt DMIB (if enabled). 

EDA initially contains the 16-bit low-order address of the descriptor indicating the first buffer which is 

disabled for receive data writing. By updating EDA, buffers can be accessed even while DMA is 

enabled. At this time, EDA should specify the starting address of the descriptor indicating the buffer 

next to the last write buffer. 

If the CDA and EDA values are equal when the transfer request is issued, the DMAC terminates 

transfer and issues internal interrupt DMIA (if enabled). 

Figure 6-22 shows MSCI-to-memory chained-block transfer operation flow. 

Table 6-9 lists the functions of the registers used for chained-block transfers from MSCI to memory. 
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( Start ) 

~~y_e~s ________________________ ___ 

Load chain pointer 
(16 bits) to DMAC 
work register 

Load buffer pointer 
(20 bits) to BAR 

Load data length 
(16 bits) to BCR 

Transfer 1 byte of data 
and decrement BCR 

End of Yes 
frame detected? >:..;:;;;:..-------, 

No 

BCR-O? 

Ye 

Write receive data 
length (16 bits) 

Write OOH to status 
field (8 bits) 

Load the start address 
of the next descriptor 
from work register to CDA 

Write receive data 
length (16 bits) 

Write MFST value to 
status field (8 bits) 

Load the start address 
of the next descriptor 
from work register to CDA 

L-_________ I _____ ~Nb~~~ O:~~~~? 
Ye,. 

( End 
(DEbit-O) 

Figure 6·22. Chained· block Transfer from the MSCI to Memory 
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Table 6·9. Control Registers Used for Chained·block Transfers from the MSCI 

to Memory (Receive) 

Error 
Descriptor Current Receive Buffer 

Chain Address Descriptor Buffer Byte Count Address 
Register Pointer Base 
Name (CPB) 
Numberof 4 

Bits 

Functional Specifies the 

description four high­

order bits of 

the 20-bit 

descriptor 

Register Address Register 
(EDA) (CDA) 

16 16 

Indicates the Specifies the 16 

16 low-order low-order start 

bits of the start address of the 

address of the descriptor 

descriptor corresponding to the 

start address. following the first receive buffer. 

descriptor This address is 

indicating the updated by the 

Role in 

DMAC 

opemtion 
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last write- DMACduring 

enabled buffer. buffer chaining. 

. When the DMAC 

begins receive 

operation, indicates 

the 1610w-order 

bits of the start 

address of the 

descriptor corre­

sponding to the 

buffer being written. 

Transfer ends when a transfer 

request is issued while the EDA and 

CDA match. An internal interrupt, 

if enabled, is generated. 

Length Register Register 
(BFL) (BCR) (BAR) 
16 16 20 

Indicates Indicates the Indicates the 

the buffer byte count of system 

length in the data memory 

bytes. remaining in address of the 

the buffer data being 

waiting to be loaded into 

written to the buffer. 

memory. Writing to 

Writing to this register 

this register by the CPU 

by the CPU is inhibited. 

is inhibited. 

When the When a 

contents of transfer 

this register request is 

equal OOOOR, issued, data is 

writing to the loaded into 

current the address 

buffer stops. specified by 

this register. 



Table 6·9. Control Registers Used for Chained·block Transfers from the MSCI 

to Memory (Receive) (cont.) 

Current 
Error Descriptor Receive 

Chain Descriptor Address Buffer 
Register Pointer Base Address Register Length 
Name (CPB) Register(EDA) (CDA) (BFL) 

Register [Under CPU [Under CPU When the [Under 

update control] control] current buffer CPU 

write is control] 

completed, the 

next 

descriptor 

start address is 

automatically 

loaded into 

this register. 

Register Initial setting Specifies the When 

updated by 

the CPU 

before 

reception 

starts. 

start address of reception 

the descriptor begins, 

indicating the indicates the 

buffer following start address 

the last write of the 

buffer. When descriptor 

releasing the which 

buffer, this indicates the 

register buffer to be 

indicates the written. 

start address of 

the descriptor 

for the buffer 

following the 

one being 

released. 

Initial 

setting 

Buffer 
Byte Count Address 
Register Register 
(BCR) (BAR) 
The contents The contents 

of this register of this 

are register are 

decremented incremented 

by 1 each time by 1 each 

one byte is time one byte 

written. When is written. 

the buffer is When the 

switched, the buffer is 

BFL value is switched, the 

loaded. next buffer 

start address 

is loaded. 
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For MSCI-to-memory chained-block transfer, either single-frame transfer or multi-frame transfer can 

be selected. 

For single-frame transfer, transfer is completed with the transfer of one frame, after which the DMA 

retums to initial states. At the same time, the DE bit is automatically cleared. When the DE bit is set 

again, the DMAC restarts operation. Multi-frames are subsequently transferred if a request is issued 

from the MSCI. When CDA and EDA match, transfer is terminated even if an additional transfer 

request has been issued. 

Table 6-10 shows a typical MSCI-to-memory chained-block multi-frame transfer using four descriptors 

and buffers. In this example, after a transfer begins, CDA is updated and then the CDA initial value is 

written to EDA since transfer is disabled when CDA and EDA are equal. As a result, the write-enabled 

buffer size is maximized. In this example, the CDA and EDA value match after frame 2 has been 

transferred (operation ®). At this time, any additional transfer request is disabled and internal interrupt 

DMIA is generated (if enabled). 

Table 6-11 shows another example of MSCI-to-memory multi-frame transfer using four descriptors and 

buffers. In this example, in order to rewrite a buffer, the received data saved in the buffer is moved to 

another area during receive operations and EDA is updated. Operations CD to (l) are the same as those in 

table 6-10. 

Since the DMAC remains active after one frame transfer in multi-frame transfer, multiple DMIB 

internal interrupts (frame end interrupt) might exist which have not yet been serviced. The number of 

unserviced interrupts is stored in the frame-end interrupt-counter (PeT). When the FCT value is 1111 

and frame transfer continues, counter overflow occurs and the DMAC terminates the transfer after 

transmitting the current frame. The FCT value is then reset to 0000, and internal interrupt DMIA is 

generated (if enabled). For details, see sections 6.2.8 "DMA Mode Register A" and 6.2.10 "Frame-End 

Interrupt-Counter." 
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Table 6·10. Chained· block Transfer from MSCI to Memory (multi. frame transfer) 

(Nonna! receive operation) 

DMAC CPU CDA EDA DE bit 
Step Operation Operation Contents Contents Value Remarks 

<D A2--+ CDA A2 At 1 CDAand EDA 
At--+ EDA specify the buffer 
1 --+ DE bit where receive data 

is to be written. 
@) Writes data A2 At 1 

to buffer 2. 

@ M-+CDA A2 --+ EDA A3 A2 1 A2 is written to 
EDA to reserve 
the maximum buffer 

size. 
@ Writes data A3 A2 1 

to buffer 3. 
@ Ao--+ CDA Ao A2 1 
@ Writes data At A2 1 

to buffer 1. 

® A2--+ CDA A2 A2 1 If another write 
request is accepted 

in this state, the 

DMAC generates 

a DMIA interrupt. 

(An: Start address of each descriptor) 
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• Status after step CD 

A3 ! 

• Status after step @ 

Ao 

Frame 2 

Frame 1 

A3 ! 

C=:J ; Receive data 
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Table 6·11. Chained· block Transfer from MSCI to Memory (multi.frame transfer) 

(Releasing part of a buffer during a receive operation) 

DMAC CPU CDA EDA DE bit 
Step Operation Operation Contents Contents Value Remarks 

CD Al-+ CDA Al Ao 1 CDA specifies the 

Ao-+EDA buffer where the 

1-+ DE bit receive data is 
to be written. 

® Writes data Al Ao 1 

to buffer 1. 

@ A2-+ CDA Al-+EDA A2 Al 1 Al is written to 
EDA to reserve 

the maximum 

buffer size. 
@) Writes data A2 Al 1 

to buffer 2. 

® A3-+ CDA A3 Al 1 
@ Writes data A3 Al 1 

to buffer 3. 

(Z) Ao-+ CDA Ao Al 1 
® Transfers data Ao Al 1 After transferring 

from buffers receive data to another 

1 and 2 to area, EDA is rewritten 

another area. by CPU to release 

® A3-+EDA Ao A3 1 the buffer. 
(I) Writes data Ao A3 1 

to bufferO. 

(An: Start address of each descriptor) 
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• Status after step G> 

A1 

. A2 ! 

D~B 
A3 ! 

• Status after step ~ 

c:::::=:J : Receive data 

(2) Register, descriptor setting 

For MSCI-to-memory chained-block transfer mode, follow the steps below starting with the DMA in 

its initial state (Steps (j) to (J) can be completed in any order). 
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<D Generate an arbitrary number of descriptors in any system area (64 kbytes or less)*l. Specify a 16-

bit chain pointer and a 20-bit buffer pointer for each descriptor.*2 

® Set the bits in the DMA mode register A (DMRA) as follows: 

RSELl = 1, RSELO = 0, AMOD = 0, TMOD = 1, RT = 0, and DMS = O. 

® Clears the NF bit in DMRA for single-frame transfer and sets the bit for multi-frame transfer. 

@ Load the 4 high-order bits of the 20-bit descriptor into the chain pointer base (CPB). 

® Load the start address (16 low-order bits) of the descriptor corresponding to the buffer next to the 

last write-enabled buffer into the error descriptor address register (EDA). 

® Load the start address of the descriptor corresponding to the first receive buffer into the current 

descriptor address register (CDA). 

(f) Specify buffer length in byte units in the receive buffer length (BFL). 

® After completing steps CD to (f), set the DE bit to 1 to start the DMA operation. 

* 1 Since the 4 high-order bits of the 20-bit address are specified by the CPB, the 4 high-order bits are common to a 64 

kbyte address. 

*2 Descriptors may be specified during a DMA halt state. 

(3) External bus timing 

For MSCI-to-memory chained-block transfer mode, one byte of data transfer is completed in one 

memory write cycle. The memory write cycle timing is the same as that for MSCI-to-memory single­

block transfer mode (single address) shown in figure 6-17 (b). 

Prior to the start of DMA transfer, and during buffer switching, this transfer mode requires some set-up 

cycles for the DMAC to read a descriptor and perform other operations, as shown in figure 6-23. At 

the start of a DMA transfer, 23 states are inserted. During buffer switching, 11 states indicated by[*3] 

are inserted to write receive data length and status fields in the descriptor. This is followed by 23 states 

in which the next descriptor is read. 
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.... 
I\,) 

J: 

~ 
(") 
J: -

Buffer pointer read 

o 

Status 
write*3 

Ao-A19 Undefined CDA value COA value+1 COA value.2 COA value+3 COA value+4 Buffer address COA value+6 COA value+7 COA value+8 

D~D7 -+----------+---~ 

ME 

RD 

'AR 

*1 Marks· ~ • indicate that another bus master cycle can be inserted. 
*2 OOH for the middle of a frame and the MSCI status register (MFST) value for the end of a frame. 

Figure 6-23. MSCI-to-Memory Chained-block Transfer Timing 

(for Transfer Start and Buffer Switching) 



6.4.7 Characteristics 

Table 6-12 lists the characteristics of the DMAC. 

Table 6-12. Characteristics 

DMAC 
Buffer 

StatesIByte for DMA Transfer Switching 
Mode Item DMA Transfer·1 Set-up Time·2 Time 
Single-block Memory to/from I/O 6 

transfer mode Memory to memory 6 

Chained-block Memory to MSCI 3 32"'3 33/37 ",4 

'transfer mode (transmit) 

23 ",5 34 "'6 ~==~--------~~------------~~r---------~~---------~SCI to memory 3 

(receive) 

.1 The units for a DMA transfer are the number of states/byte (all other units are states). 

The values shown are valid when wait states are not inserted (in the memory or J/O cycle) . 

• 2 Before entering the data transfer cycle the DMAC requires some set-up time to read the 

heading descriptor, etc . 

• 3 32 states = 8.memory cycles (24 states) + 8 internal states 

.4 33 states = 8 memory cycles (24 states) + 9 internal states (for the middle of a frame) 

37 states = 8 memory cycles (24 states) + 13 internal states (for the end of a frame) 

.S 23 states = S memory cycles (IS states) + 8 internal states 

.6 34 states = 8 memory cycles (24 states) + 10 internal states 

6.S Connections Between the DMAC and MSCI 

DMAC channels 0 and I are hardwired to the MSCI receiver and transmitter, as shown in figure 6-24. 

DMAC channel 0 is connected to the MSCI receiver via four lines: DREQR, RXACK, STACK, and 

EOM. DMAC channell is connected to the MSCI transmitter via three lines: DREQr, TXACK, and 

EOM. 
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DREaR 

RXACK DMAC 

Receiver STACK channel 0 

EOM 

MSCI 
DREar 

TXACK OMAC 
Transmitter channel 1 

EOM 

Figure 6·24. Connections Between the DMAC and MSCI 

Table 6-13 lists the function of each line between DMAC channel 0 and the MSCI receiver. Table 6-14 

lists the function of each line between DMAC channell and the MSCI transmitter. 

Table 6·13. Lines between DMAC Channel 0 and MSCI Receiver 

Symbol Name Transfer Direction Function 

DREQR DMAreceive MSCItoDMAC Used by the MSCI to request a DMA 

request transfer 

RXACK Receive DMACtoMSCI Used by the DMAC to notify the MSCI 

acknowledge to put receive data onto the internal data 

bus 

STACK Status DMACtoMSCI Used by the DMAC to notify the MSCI 

acknowledge to put the status of the receive data onto 

the internal data bus 

EOM End of frame MSCIto DMAC Used by the MSCI to notify the DMAC 

transfer that the transferred byte is the end of a 

frame. 
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Table 6-14. Lines between DMAC Channell and MSCI Transmitter 

Symbol 

DREQr 

TXACK 

EOM 

Name Transfer Direction 

DMA transmit MSCI to DMAC 

request 

Transmit DMACtoMSCI 

acknowledge 

End of frame DMAC to MSCI 

transfer 

6.6 Internal Interrupts 

Function 

Used by the MSCI to request a DMA 

transfer 

Used by the DMAC to notify the MSCI 

to latch the transmit data from the 

internal data bus 

Used by the DMAC to notify the MSCI 

that the transferred byte is the end of a 

frame. 

DMAC channels 0 and I can issue DMIA (error) and DMIB (normal end) internal interrupts requests. 

Interrupt request status is indicated by the DMA status register (DSR) and the interrupts are enabled or 

disabled by the DMA interrupt enable register (DIR). Table 6-15 lists the types, sources and clear 

procedure of interrupt. Figure 6-25 shows the relationship between the interrupt status bits and enable 

bits. 

Table 6-15. Internal Interrupts 

Type 

Error interrupt 
(DMIA}*l 

Source 

When the frame­
end interrupt­

counter (FCT) 

is overflow (the 

number of 

pending interrupts 

is 16 or more). 

Status Bits 

COF 

When the EDA BOF 

matches the 

CDAandanew 

transfer request 

is issued (buffer 

underrunl 

overrun). 

Enable Bits Clear Procedure 

COFE Write a 1 to the status bit 

BOFE Write a 1 to the status bit 
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Table 6-15. Internal Interrupts (cont.) 

Type 

Normaiend 
interrupt 

(DMIB)*l 

Source 

Frame transfer 
is completed. *2 

(chained-block 

transfer mode) 

Status Bits 

EOM 

DMA transfer is EOT 

completed. 

Enable Bits 

EOMB 

EOTE 

Clear Procedure 

Q) Write a 1 to the status 
bit*3 

® Issue a frame-end 

interrupt-counter­

clear command 

Write a 1 to status bit 

* 1 Interrupts, once issued, continue to be requested also in the DMA initial state or halt state. 

",2 An interrupt at the end of a I-frame transfer during chained block multi-frame transfer does not signal the end of a 

transfer. 

*3 When the frame-end interrupt-counter (PCT) is enable and the FCr value is not 0000, the EOM bit is set to 1. For 

details, see sections 6.2.7 nDMA Status Register," 6.2.10 "Frame-End Interrupt-Counter" and 6.2.12 "DMA Command 

Register." 
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DMA status register 
(DSR) 

EOT I---

EOM r---
BOF r-
COF 

-

-
DE 

OWE 

EOTE 

EOME 

BOFE 

COFE 

-
-
-
-

DMA interrupt enable register 
(DIR) 

DMIB (Normal end) 

DMIA (End with error) 

---

Figure 6·25. Relationship between Interrupt Status Bits and Enable Bits 

6.7 Reset Operation 

A reset places the DMAC (both channels 0 and 1) into the following status: 

(1) The DMAC enters the DMA initial state. 

(2) Channel 0 takes priority over channel 1. 

(3) The TEND line is fixed at the high level. 

(4) Values of the transfer control registers for specifying addresses and of the DMA command register 

(DCR) are undefined. 
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(5) The DMA status register (DSR), DMA mode register A (DMRA), DMA mode register B (DMRB), 

frame-end interrupt-counter (FCI') and DMA interrupt enable register (DIR) are initialized as 

follows: 

• Operation mode: I/O to memory single-block transfer mode (dual address) 

• DMA transfer request source: Extemalline (The DREQ line is level sensitive.) 

• Interrupt status bits and enable bits are cleared. 

• The FCI' value is cleared and FCI' is disabled. 

6.8 Precautions 

(1) The DMAC registers must be initialized while in the DMA initial state. When DMAC operation is 

suspended by writing a 0 to the DE bit in software, the DMAC retains its previous operation status. 

Thus to initiate new operation, the software abort command must be issued to initialize the status. 

However, when the DMAC operation is terminated by a transfer completion condition, the software 

abort command is not necessary. For details, see section 6.2.12 "DMA Command Register." 

(2) The DMAC must be disabled when the system stop mode is entered. 

(3) When the DE bit is cleared, the transfer request that was received via the edge-sensitive input is 

cancelled. However, when the DME bit is cleared, the edge-sensitive input request is retained. 
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Section 7. Timers 

7.1 Overview 

7.1.1 Functions 

The HD64180S incorporates a timer for two functionally-identical channels (channels 0 and 1). 

This timer has the following features: 

• 8-bit reloadable timer which can count external events 

• Operated on Base Clock (BC) (fII clock internally divided by 8) 

Count-up intervals in the range BC/20-BC/27 

An external event count signal can also be used for count-up operation 

• Low/high level or toggled timer output selectable 

Toggled output provides an external square wave with a 50% duty cycle 

• Internal interrupt can be issued upon count value matching. 
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7.1.2 Configuration and Operation 

Figure 7-1 shows a block diagram of a timer. 

Internal data bus 

9 clock 

TINo. TIN1 
L:=~'-'::~~::::;~===;-===-- (External event count signal) 

~---L--~~~=ff~~ 

Figure 7·1. Timer Block Diagram 

Timer controVstatus register 

TOUTo. TOUT1 
(Timer output signal) 

In this timer, the timer up-counter (TeNT) performs a count-up operation based on the specified clock 

signal. When the TeNT value matches a specified value set in the timer constant register (TCONR), 

the TOUT line"'l provides a timer output signal which is either low or high level or in toggled form. In 

this, case, an internal interrupt, if enabled, can be generated."'2 Also at this time, the TeNT value is 

cleared to OOR and count-up operation restarts. "'3 

"'I For details on output timing. see 7.3.2 "Output Timing." 

"'2 For details on timing. see 7.4 "Intemallnterrupt." 

"'3 For details on output timing. see 7.3.1 "TImer Count-up Tuning." 
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7.1.3 Registers 

Table 7-1 lists timer register~. 

Table 7-1. Timer Registers 

VOAddress Initial Value 

Register Name Symbol Channel 0 Channell MSBHLSB ReadlWrite 
TImer up-counter T~NT 0050H oo54H 00000000 RIW 
TImer constant register TCONR 0051H 0055H 11111111* w 
TImer controVstatus TCSR 0052H 0056H 00000000 RIW 
register 

TImer expand TEPR 0053H oo57H 00000000 RIW 
prescale register 

* The timer constant register is a write-only register. It always reads OOH. 

7.2 Registers 

7.2.1 Timer Up-counter (TCNT) 

The TCNT registers for channels 0 and I are functionally identical. TCNT counts up in the clock 

specified by the CKS 1-0 bits in TCSR or the ECKS2-O bits in TEPR. For information regarding clock 

selection, see section 7.2.3 "TImer ControVStatus Register" and section 7.2.4 "Timer Expand Prescale 

Register." 

Software read and write operations do not effect the operation of the counter. 

The TCNT is cleared to OOH when its value matches the value in the timer constant register (TCONR). 

ReadlWrite 

Initial Value' 

7 

RIW 

o 

6 

RIW 

o 

5 

RIW 

o 

• This value is the same as in the system stop mode. 

4 

RIW 

o 

3 

RIW 

o 

2 

o 

RIW 

o 

o 

RIW 

o 
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7.2.2 Timer Constant Register (TCONR) 

The timer constant registers for channels 0 and 1 are functionally identical and can be used to generate 

output waveforms. The contents of this register are compared with the TCNT contents constantly. 

When they match, the CMF bit in TCSR is set; this causes the TOUT line to be driven as specified by 

the TOS 1-0 bits in TCSR. (For details, see the explanation about the TOS 1-0 bits in section 7.2.3 

"imler ControVStatus Register".) The TCNT is cleared and resumes counting up from OOR. (For 

details, see section 7.3.2 "Output Timing".) In this way, periodic interrupts and output waveforms can 

be generated without increasing software overhead. The TCONR is set to FFH by a reset or when the 

CPU enters the system stop mode. 

AeadlWrHe' 

Initial Value 

7 

w 

6 5 

w w 

• TCONR Is a wrHe-only register. It always reads OOH. 

7.2.3 Timer Control/Status Register (TCSR) 

4 3 

w w 

2 

W 

1 ' 

w 

o 

w 

The function of TCSR is the same for channels 0 and 1. This register is used to request interrupts, con­

trol the TeNT, control output value for timer output signals, and select the input clock. 

7 6 

Bit Name CMF ECMI 

ReadlWrite R 

InHial Value 0 

I 
Compare Match Flag 

0: TCNT and TCONA 
are not equal 

1 : TCNT and TCONR 
are equal 

RIW 

0 

5 

'1 

o 

CMF Interrupt Enable 

0: Disable 
1: Enable 

4 

TME 

RIW 

0 

I 
TImer Enable 

0: Count stop 
1 : Count start 

'1 Reserved. This b~ always reads 0 and should be set to O. 

3 2 

TOS1 TOSO 

RIW RIW 

0 0 

TImer Output Select 

00: Output fixed to 0 
01: Toggled output'4 
10: Output 0 
11: Output 1 

'2 BC (Base Clock) is generated internally by dividing the" clock by 8. 
'3 The external event count is incremented by 1 at the rising edge of the clock. 

0 

CKS1 CKSO 

RIW RIW 

0 0 

Ineut Clock Select 

00: BC'2 
01: BC/8 
10: BC/128 
11: External event 

count signai 3 

'4 The timer output value is toggled each time the TCNT and TCONR values match. This facilitates the 
generation and output of square waves with a 50% duty cycle w~hout increasing software overheads. 
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Bit 7: CMF (Compare Match Flag) 

CMF is set to 1 when the TCNT value matches the content of TCONR. It is cleared by reading TCSR 

followed by TCNT. Other instructions can be inserted between the TCSR and TCNT read instructions. 

The CMF bit is set to 0 after a reset or when the CPU enters the system stop mode. 

CMF Function 

o TCNT and TCONR do not match 

1 TCNT and TCONR match. If the ECMI bit (bit 6) has been set, an internal interrupt 

request (TOIRQ or TlIRQ) is generated 

Bit 6: ECMI (CMF Interrupt Enable) 

ECMI specifies whether to enable or disable an interrupt caused by the CMF bit. This bit is cleared 

after a reset. 

ECMI Function 

o Disables an interrupt caused by the CMF bit 

1 Enables an interrupt caused by the CMF bit 

Bit 5: Reserved. Bit 5 always reads 0 and should be set to O. 

Bit 4: TME (Timer Enable) 

TME specifies whether to start or stop TCNT operation. This bit is set to 0 after a reset or when the 

CPU enters the system stop mode. 

TME Function 

o Stops TCNT. The TOUT line is set low, but the current TCNT value is retained. * 
1 Starts TCNT. 

"'TME is again set to 1, and TCNT resumes COWlting from the retained value. 

Bits 3-2: TOSI-O (Timer Output Select) 

The TOSI-O bits control the output value to the timer out signal when TCNT and TCONR match. 

These bits are both set to 0 after a reset. 
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TOSI TOSO TOUT Output 

0 0 Fixed to low 

0 1 Toggled· 

1 0 Low 

1 1 High 

* The timer oulput value is toggled each time the TCNT and TCONR values match. This facilitates the generation and 

output of square waves with a 50% duty cycle without increasing software overheads. 

Bits 1-0: CKSI-0 (Input Clock Select) 

The CKS bits select the TCNT operating clock source. These bits are set to 0 after a reset. 

CKSI CKSO TCNT Operating Clock Rate 

0 0 Be"'l 
0 1 BC/8 
1 0 BC/128 

1 1 The external event count signal *2 

*1 The BC (Base Clock) is generated by internally dividing the" clock by 8. 

*2 An external event signal is counted at the rising edge of the clock. In order for an external event count signal to be 

counted accurately, this signal must be at least two or more " clock cycles wide for both high and low levels, and must 

be less than 1/4 of the " clock . 
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7.2.4 Timer Expand Prescale Register (TEPR) 

The function of TEPR is the same for channels 0 and 1. The TEPR register selects the clock for the 

TCNT and the input for the expanded clock. 

7 6 5 4 

B~Name EEP -. -. -. 
ReadlWrite RIW 

In~ial Value 0 0 0 0 

I 
Enable Ex!!and Prescaler 

0: Clock is selected by the CKS1-0 b~s in TCSR 
1: Clock is selected by the ECKS2-0 bits in TEPR 

• Reserved. These b~s always read 0 and should be set to O. 

Bit 7: EEP (Enable Expand Prescaler) 

3 

. -

0 

2 

ECKS2 

RIW 

o 

ECKS1 

RIW 

o 

o 

ECKSO 

RIW 

o 

Ex!!and Clock In!!ut Select 

000: BC 
001: BCI2 
010: BC/4 
011: BC/8 
100: BC/16 
101: BC132 
110: BC/54 
111: BCI128 

EEP selects either the CKS 1-0 bits in TCSR or the ECKS2-0 bits in TEPR to specify the TCNT operat­

ing clock. It is set to 0 after a reset. 

EEP Function 

o The CKS 1-0 bits in TCSR specify the TCNT operating clock 

1 The ECKS2-0 bits in TEPR specify the TCNT operating clock 

Bits 6.3: Reserved. Bits 6-3 always read 0 and should be set to O. 

Bits 2·0: ECKS2·0 (Expand Clock Input Select) 

~en the EEP bit in TEPR is 1, the ECKS bits select the TCNT clock as shown in the following table. 

These bits are set to 0 after a reset. 
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ECKS2 ECKSI ECKSO TCNT Clock Rate 

0 0 0 BC 

0 0 1 Be/2 

0 1 0 BC/4 

0 1 1 BC/8 

1 0 0 BC/16 

1 0 1 BC/32 

1 1 0 BC/64 

1 1 1 BC/128 

7.3 Operation Timing 

7.3.1 Timer Count-up Timing 

(1) Figure 7-2 shows the timing when the counter operating rate is BC. Counting-up is initiated by 

writing 1 to the TME bit of the TCSR afte~ TCNT and TCONR have been set. 

When the TCNT and TCONR values match, the CMF bit is set to 1 and internal interrupts (TOIRQ and 

TlIRQ), if enabled, are generated. (The CMF bit can be cleared by reading TCSR followed br TCNT.) 

At this time, TCNT is initialized to OOH, and then count-up operation restarts. TCNT can be written to 

during count-up. In this case, count-up is performed from the written value. 

When the TME bit is cleared during count-up, TCNT stops counting and retains its current contents. 

When the TME bit is again set to 1, count-up resumes from the retained value. 

426 HITACHI 



Aeset 
Wrbe TeNT (OtH) 

Timerup-wunter OOH 01H 
(TCNl) .L..:...:.;..;..J.--=-~+~~~':':';':...!....:..~"":":':.:....L...::":':":".1....-.J..:..:':":"";'':'':::'':..J...:~L:=~'''':'':':.:.......L':'':::'':..J...:..:.:..:..J'''':'':':~ 

[ WrIte ~ONA (04H) 

Timer constant I : 
register (TCONA) FFH 04H: 

TME 
~WritelloTME 

~ LJ 
: Write Oto TME --1 r 

Write 1 to TME ----'. 

CMF LJ ~I ____ ~r__ 
Read TCSR ---'--ff---------'r r 
ReadTCNT ___ L ________ .J. 

note: 

Time t between the cycle for writing 1 to TME and generation of the first count pulse is obtained by t = n x 8/2 + 
4, where n is a division ratio based on BC. (For example, when CKS 1-0 = 00, n is 1 and t = 1 x 8/2 + 4 = 8 
I'l cycles.) 

*2 If the TCNT contents were changed during count-up operation, time t (I'l cycles) between the TCNT write cycle 
and the start of count-up operation is 3 S t S (n x 8) + 2. 

Figure 7-2. Timer Count-up Timing (Example 1) 

(2) Figure 7-3 shows the timing when the counter operating rate is BC/4. 

Reset 

Timer up-counter t--:-:c-:--+-t--t __ -+--+c-:-i-:::-:+ __ + __ +--.-t-----+--+--i-___ + 
(TeNT) 

[ Write ~ONR (OSH) 

TI~rconstant IFFH !OSH regIster (TCONR) L. -'-'-;..c.=-'----+-_________________________ _ 

TME • I 
'WriteOIoTME ------tl-----I. L.... Write t to TME 

'WritelIoTME --------' 

-----------~rnSR~~~ ~I ------------~I 
R.adTCSR • r 
Read TCNT -------'. 

CMF 

note: 

Tune t between the cycle for writing 1 to TME and generation of the first count pulse is given by t = n x 8/2 + 4, 

where n is a division ratio based on BC. (For example, when ECKS2-O = 010, n is 4 and t = 4 x 8/2 + 4 = 20 I'l 
cycles.) 

2 If the TCNT contents were changed during count-up operation, time t between the TCNT write cycle and the start 
of count-up operation is 3 S t S (n x 8) +2 

Figure 7-3. Timer Count-up Timing (Example 2) 
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('3) Figure 7-4 shows the timing when the counter operating rate is determined by an external event 

count signal. 

Counting is performed at the rising edge of an extern81 event count signal. The event count signal must 
be two or more III clock cycles wide. Before count-up operation is started, 1 must be written to the 
TME bit when the external event count signal level is low. 

Wrfte TCNT (F7H) 

TME 

eMF 

Figure 7·4. Timer Count.up Timing (Example 3) 
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7.3.2 Output Timing 

Figure 7-5 shows the timing when the output of the timer is changing. When TCNT and TCONR 

match and TCNT is subsequently initialized to OOH, I ~ clock cycle thereafter, the eMF bit is set to I 

and the TOUT line provides a timer output signal. 

TeNT TCNT = TCONR -.1 :: TCNT = TCONR I TCNT= OOH 

CMF 
II 

~CMF bit set (TCNT = OOH) 

II: Ii 
TOUT ----------------~.Ir.--------------~A~-------------------------

Figure 7·5. Timer Output Timing 

7.4 Internal Interrupt 

When the TCNT and TCONR match, the CMF bit of the TCSR is set to 1. If the interrupt enable bit is 

set, an internal interrupt is generated·. 

Figure 7-6 shows the internal interrupt circuit Figure 7-7 shows internal interrupt timing. 

CMF 

________ ..... ~ TOIRQ, T11RQ 
ECMI 

Figure '·6. Internal Interrupt Circuit 

• Interrupts originating in the CMF bit are enabled/disabled by the ECMI bit in TCSR. 
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Timer up-counter : ~ \ 
(TeNT) ....1-_TC_NT_=_TC_O_N_R _..L.......;_T_C_NT_._O_O_H_-'-_TC_NT_._O_1H __ ....1-___ -I+_1 \~ __ _ 

CMF 

TOIRa, T11RQ ______ -'--' 
\1-;:-11 

Read TCSR after internal Interrupt processing J J~-­
Read TCNT 

Figure 7-7. Internal Interrupt Timing (when the counter operating rate is BC and internally 

synchronized) 

7.5 Low Power Dissipation Mode 

In the sleep mode, timers continue to operate normally. In the system stop mode, timers are initialized 

as follows: 

. The control bits of the TCSR and TEPR hold their current contents, except that the TME bit in 

TCSR is cleared to O. 

• The CMF bit in TCSR is cleared. 

• TCNT stops; it is then initialized to OOH. 

The TOUT signal retains its previous value. After leaving the system stop mode, this signal is ini­

tialized to the low level. 

• Any interrupt requests in TOIRQ and TIIRQ are cleared. 

7.6 Reset Operation 

The timers are initialized by a reset as follows: 

TCSR and TEPR are initialized to OOH. 

• TCNT stops and is initialized to OOH. 

• TCONR is initialized to FFH. 

The TOUT line is set low, and any interrupt requests in TOIRQ and TlIRQ are cleared. 
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7.7 Precautions 

When using the timers, observe the following precautions: 

• Be sure to clear the TME bit before changing the timer operating clock. 

• When using the external event count function, drive the external event count signal low, then set 

the TME bitto 1. 

• Reserved bits in the TCSR and TEPR read O. 

The TOUT line also goes low after the TME bit in TCSR is cleared. 
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Section 8. Refresh Controller 

8.1 Overview 

8.1.1 Functions 

The HD64180S contains a programmable DRAM refresh controller. This refresh controller has the 

following functions: 

• Refresh enable/disable 

• Interval between refresh cycles selectable in eight steps in the range of 32 to 256 states 

• Insertion of 0 to 7 wait states in a refresh cycle, when used in combination with the wait controller 

(See section 9.2.5 "Refresh Wait Control Register" and section 9.3.2 "Wait State Insertion Using 

Register Control. ") 

The refresh controller can be programmed to determine an optimum refresh cycle given the DRAM 

specifications, CPU operating frequency, and the application system, thus eliminating the need for an 

external refresh circuit. 
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8:1.2 Configuration and Operation 

Figure 8-1 shows the block diagram of the refresh controller. 

Internal address/data bus 

Refresh control registerl----Ji 

Refresh 
address register 

Incrementer 

Bus controller 

Figure 8-1. Refresh Controller Block Diagram 

Basic clock 
request 

generator 

DRAM refresh is perfonned at the interval specified by the refresh control register (RCR). The basic 

refresh cycle (which consists of two states with no wait states) is executed between each machine 

cycle. 

8.1.3 Register 

The refresh controller register is shown in table 8-1. 

Table 8-1 Refresh Controller Register 

Register Name 
Refresh controller 

Register 

Symbol 
RCR 

*This is the initial value after a hardware reset 

I/O 

Address 
0018H 

Initial Value* 

MSBHLSB' ReadlWrite 
10000000 RIW 
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8.2 Register 

8.2.1 Refresh Control Register (RCR) 

This register specifies whether or not refresh cycles are to be inserted. and the length of the interval 

between refresh cycles. 

BHName 

Read/Write 

InHial Value*l 

7 6 5 

REFE _*2 _"2 

o o 

Refresh Enable 

0: Refresh cycles not inserted 
1: Refresh cycles inserted 

4 

_*2 

o 

3 

_*2 

o 

2 

CYC2 

FW/ 

o 

CYCl 

,FW/ 

o 

Cycle Select 

o 

CYCO 

ANI 

o 

• Insertion interval 
000: 32 states 
001 : 64 states 
010: 96 states 
011: 128 states 
100: 160 states 
101: 192 states 
110: 224 states 
111: 256 states 

*1 After a reset, this register is inHialized to 80H and the refresh address is initialized to OOOOOH. 
*2 Reserved. These bHs always read 0 and should be set to O. 

Bit 7: REFE (Refresh Enable) 

REFE specifies whether or not DRAM refresh cycles are to be inserted. 

REFE Function 

o Refresh cycles not inserted. 

1 Refresh cycles inserted. Interval specified by bits 2-0. 

Bits 6·3: Reserved. These bits always read 0 and should be set to O. 
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Bits 2-0: CYC2-0 (Cycle Select) 

The CYC bits are used to specify the interval between refresh cycles. Table 8-2 lists bit set up values 

and insertion intervals. 

Table 8-2. Refresh Cycles and their Intervals 

Insertion Time Interval 

CYC2 CYCl CYCO . Interval (examples at typical CPU clock frequencies) 

~: 4 MHz ~:6MHz ~: 8 MHz ~: lOMHz 

0* 0* 0* 32 states M.u.s. 5.31.1s 4.01.1s 3.21.1s 

0 0 1 64 states 16.01.1s lQ.661.!:I 8.01.1s 6.4l.1s 
0 1 0 96 states 24.01.1s 16.01.1s .l2..Q.J.u 9.61.1s 
0 1 1 128 states 32.01.1s 21.31.1s 16.01.1s .l.2..8J.!£ 
1 0 0 160 states 40.01.1s 26.661.1s 20.01.1s 16.01.1s 

1 0 1 192 states 48.01.1s 32.01.1s 24.01.1s 19.21.1s 

1 1 0 224 states 56.01.1s 37.3l.1s 28.01.1s 22.41.1s 

1 1 1 256 states 64.0I.1s 42.61.1s 32.01.1s 25.61.1s 

... Initial value 

For DRAMs requiring 128 refresh cycles every 21.1s (or 256 refresh cycles every 4I.1s), the required 

refresh interval is 15.625 I.1s. The underlined values in table 8-2 represent the optimum refresh interval 

for various CPU clock frequencies. However, the actual refresh interval may differ from the interval 

specified by CYC2-0 because the refresh cycle is executed between machine cycles. If wait states are 

inserted, the actual refresh interval length will be variant with the values stated here. 

8.3 Operation 

The refresh controller periodically generates refresh request signals to the CPU. When the CPU 

detects this signal, it enters the refresh cycle at the end of the current machine cycle. 

Figure 8-2 shows an example of refresh cycle timing. During the refresh cycle, the REF signal goes 
low and a 12-bit refresh address is output on address lines Ao - All. (The A12 - A191ines are held low.) 

During a DMA operation, refresh occurs at the end of the current bus cycle. 

No refresh cycles occur in the bus release mode or wait mode. 
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Refresh request 
signal (internal 
signal) 

Refresh address 

ME 

REF 

MCi t Refresh cycle MCi+1 

TRl Tw* TR2 

* In this example, one wa~ state Is inserted during the refresh cycle by the refresh wait control register. 

Figure 8·2. Refl.esh Timing 

8.4 Refresh Controller Operation in Low Power Dissipation Mode 

The refresh controller continues to operate the sleep mode, but stops in the system stop mode. In this 

mode, the refresh control register and refresh address hold their previous values. 

8.5 Reset Operation 

The refresh controller stops during a reset. The refresh control register is initialized to SOH (32-state 

refresh interval and refresh enable) and the refresh address to OOOOOH. Thus, after a reset, refresh is 

restarted from address OOOOOH by 32-state interval. 
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8.6 Precautions 

When using the refresh functions, observe the following precautions. 

• When the CPU is placed in the bus release mode, system stop mode or during a wait state, refresh 

controller operation is inhibited. It is thus necessary to consider alternate DRAM refresh methods. 

• If several refresh requests are generated internally while the CPU is in the bus release mode, only 

one will be executed after exiting this mode. Figure 8-3 shows the bus cycle timing in this mode. 

• If a refresh request is generated internally during a wait state, the request is retained until a new 

request is generated. After exiting the wait state, a refresh cycle occurs at the end of the current 

machine cycle. 

• After leaving the bus release mode or a wait state, the next refresh cycle begins at the address where 

the last refresh cycle left off. 

Bus release mode 
Refresh cycle CPU Refresh cycle 

operation 

REF \'------11 ~ ':'V 
, !\I....-----? 

Request retained! / 

Refresh reques_t _____ ---'n ~,;, 
(intemal signaQ . 

nY 
BUSACK _____ ---J/ 

Figure 8-3. Refresh Requests in Bus Release Mode 
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Section 9. Wait Controller 

9.1 Overview 

9.1.1 Functions 

The HD64180S incorporates a wait controller. It extends bus cycles by inserting wait states. This 

allows low-speed memory and I/O devices to be interfaced. 

The wait controller incorporates the following wait state insertion functions: 

• Either WAIT line (hardware) or register (software) control can be used for wait state insertion. 

• Registers for inserting 0 to 7 wait states can be independently specified for each of three different 

memory areas when each area is accessed. 

• Register-controlled insertion of 0 to 7 wait states in I/O cycles when extemall/O space is accessed. 

• Register-controlled insertion of 2 to 9 wait states in INTo interrupt acknowledge cycles. 

• Register-controlled insertion of 0 to 7 wait states in refresh cycles by internal refresh controller. 
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9.1.2 Configuration and Operation 

Figure 9-1 shows a block diagram of the wait controller. The wait controller consists of a wait control 

unit, an I/O wait control register, wait control registers (L, M, and H), an interrupt wait control register, 

a refresh wait control register, and physical address boundary registers 0 and 1. 

Internal address/data bus 
, 

1 
~ 1/0 wait control register 

I Physical address boundary register 0 b 
I Physical address boundary register 1 f---; ~ Wait control register L 

~ Wait control register M 

Wait control unit 

Eo-- Wait control register H 

Eo-- Interrupt wait control register 

--
WAIT line ~ Refresh wait control register 

1 
Wait control signal 

Figure 9-1. Wait Controller Block Diagram 

Wait state insertion using WAIT line control is implemented by driving the WAIT line low. Wait state 

insertion using register control is accomplished by specifying the number of wait states to be inserted 

in the wait control register (L, M and H), I/O wait control register, interrupt wait control register or 

refresh wait control register. 

Wait states are inserted between the T2 and T3 states of each type of bus cycle. Also by setting the 

boundary addresses in physical address boundary registers 0 and 1, the memory space can be parti­

tioned into three memory areas. The number of wait cycles inserted when each of these areas is 

accessed can then be specified independently for each area. 
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9.1.3 Registers 

The eight registers which comprise the wait controller are listed in table 9-1. For details about these 

registers. see section 9.2 "Registers." 

Table 9·1. Registers 

I/O Initial Value* 

Register Name SImbol Address MSBHLSB ReadlWrite 
Physical address boundary register 0 PABRO 0008H OOOOOOOO R/W 
Physical address boundary register 1 PABR1 0009H OOOOOOOO R/W 
Wait control register L WCRL OOOAH 00000111 R/W 
Wait control register M WCRM OOOBH 00000111 R/W 
Wait control register H WCRH OOOCH 00000111 R/W 
I/O wait control register 10WCR oooDH 01110111 R/W 
Interrupt wait control register INTWR oooEH 00000111 R/W 
Refresh wait control register RWCR oooFH 00000111 R/W 

* These are the initial values after a hardware reset. 

9.2 Registers 

9.2.1 Physical Address Boundary Registers 0 and 1 (PABRO and PABR1) 

The PABR registers specify the boundaries which divide the memory space into three areas. 

Physical Address Boundary Register 0 (PABRO): The PABRO register specifies the high-order 8 bits 

of the boundary between the physical address low (PAL) and the physical address middle (PAM) areas. 

? 6 5 4 3 2 0 

Bit Name PBO? PB06 PB05 PB04 PB03 PB02 PBOl PBOO 

ReadlWrite RIW RIW RIW RIW RIW RIW RIW RIW 

Initial Value 0 0 0 0 0 0 0 0 

I 
PAUPAM Boundary Address (8 high-order bits) 

440 HITACHI 



This register can specify only the 8 high-order bits (A19 - A12) of the boundary address; the remaining 

12 low-order bits (Au - Ao) are fixed to OOOH. (i.e. each area boundary address conesponds to a 4 

kbyte boundary). 

When the PABRO register is set to DOH, the boundary is specified as the physical address space upper 

limit address. 

Physical Address Boundary Register 1 (PABRl): The PABRI register specifies the high-order 8 

bits of the boundary between the physical address middle (PAM) and physical address high (pAH) 

areas. 

7 6 5 4 3 2 0 

Bit Name PB17 PB16 PB15 PB14 PB13 PB12 PB11 PB10 I 
ReadlWrite RIW RIW RIW RIW RIW RIW RIW RIW 

Initial Value 0 0 0 0 0 0 0 0 

PAMIPAH Boundary Address (8 high-order bits) 

This register can specify only the 8 high-order bits (A19 - A12) of the boundary address; the remaining 

12 low-order bits (An - Ao) are fixed to OOOH. (i.e. each area boundary address corresponds to a 4 

kbyte boundary). 

When the PABRI register is set to DOH, the border is specified as the upper limit address of the physi­

cal memory space FFFFFH. 

Set-up example: The physical address space shown in figure 9-2 is divided into three areas: PAL area, 

PAM area, and PAH area. PABRO and PABRI specify the boundaries of these areas and can be set in 

4 kbyte units. 
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Physical address boundary 
register 1 
PABR1 value: 40H 

Physical address boundary 
register 0 
PABRO value: 01 H 

FFFFFH .-------..., 

PAH area 

\----?>~~~~~~ --------------------------

\--_-?>01000H 
OOFFFH 

PAM area 

PAL area 
OOOOOH 1..-_____ -1 

Physical address space 

Figure 9-2 Memory Space Partitioned by PABRO and PABR! 

Boundary address setting examples: When the PABRO and PABRI registers are set to OIH and 40H, 

the boundaries for each memory area are specified as follows: 

Upper Limit Address Lower Limit Address 

PAH FFFFFH 40000H 

PAM 3FFFFH OlOOOH 

PAL OOFFFH OOOOOH 

When either the PABRO or PABRI register is set to OOH, the border is set at the upper limit address of 

the memory area above it. In this example, PABRI is set to OOH and each area border is specified as 

follows: 

Upper Limit Address Lower Limit Address 

PAH -* 

PAM FFFFFH OIOOOH 

PAL OOFFFH OOOOOH 

*The physical address space consists of PAL and PAM areas only because the PAM upper limit address is FFFFFH. 

Figures 9-3 (a) to (d) show examples when the physical address space is not partitioned, when it is par­

titioned into PAL and PAM, into PAL and PAH, and when it is partitioned into three areas (PAL, PAM 

andPAH). 
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Physical address boundary 
register 1 

PABR1 value: OOH 

Physical address boundary 
register 0 

PABRO value: OOH 

• This is the setting after a reset. 

FFFFFH r--------, 

PAL area 

OOOOOH 1...-____ ---1 

Physical address space 

Figure 9·3. (a) Setting Example when the Physical Address Space is not Partitioned 

Physical address boundary 

I register 1 
PABR1 value: OOH 

I Physical address boundary 
register 0 

I 
FFFFFH r--------, 

PAM area 

I I---------~----- ------- --- ------- ------- -

I 
PAL area 

OOOOOH L..-_____ ....I 

Physical address space 

Figure 9·3. (b) Setting Example when the Physical Address Space is Partitioned into PAM and 

PAL 

HITACHI 443 



FFFFFH ,....----'-----. 

I Physical address boundary register 1 
PAHarea 

I-------?j ................ . 

I Physical address boundary register 0 
·PALarea 

OOOOOH '--____ ---' 
Physical apdress space 

Figure 9-3. (c) Setting Example when the Physical Address Space is Partitioned into PAH and 

PAL 

FFFFFH ,--------, 

PAHarea 

I Physical address boundary register 1 1---------.,.. 

PAM area 

I Physical address boundary register 0 I--------~ 

PAL area 
OOOOOH '--____ --' 

Physical address space 

Figure 9-3. (d) Setting Example when the Physical Address Space is Partitioned into PAH, PAM 

and PAL 

Cautions on Use: Nonnal operation is not guaranteed if the boundary specified by PABRO is higher 

than that specified by PABRI. An example of this type if incorrect setting is shown in figure 9-4. 
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FFFFFH .--------, 

x IPhysical address boundary registerOI--------~ 

IPhysical address boundary register 11-----------?I 

OOOOOH '--_____ ...... 
PhySical address space 

Figure 9-4. Example of Incorrect Boundary Specification 

9.2.2 Wait Control Registers L, M, and H (WCRL, WCRM, and WCRH) 

The WCR registers specify the number of wait states to be inserted for each of the memory areas 

(PAH, PAM, and PAL). 

Wait Control Register L (WCRL): WCRL specifies the number of wait states to be inserted in the 

memory cycle when the PAL area is accessed. 

7 6 5 4 3 2 0 

B~ Name -. -. -. -. -. PALW2 PALW1 PALWO 

ReadiWrite RIW RIW RIW 

Initial Value 0 0 0 0 0 

PAL Area Wait 

• Reserved. These bits always read 0 and should be set to o. 

Bits 7-3: Reserved bits. These bits always read 0 and should be set to O. 

Bits 2-0: PALW 2-0 (PAL area wait) 

The table below lists bit values and number of wait states. 
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(\ 

PALW2 PALWI PALWO Number of Wait States 

0 0 0 0 

0 0 1 1 

0 1 0 2 

0 1 1 3 
1 0 0 4 

1 0 1 5 
1 1 0 6 

1* 1* 1* 7* 

* These are the initial values after a reset. 

Wait Control Register M (WCRM): WCRM specifies the number of wait states to be inserted in the 

memory cycle when the PAM area is accessed. 

7 6 5 4 3 2 o 

Bit Name -* -* -* -* -* PAM-N2 I PAMW1 PAMWO 

ReadlWrite RIW RIW RIW 

Initial Value o o o o o 

PAM Area Wait 

* Reserved. These bits always read 0 and should be set to o. 

Bits 7-3: Reserved bits. These bits always read 0 and should be set to O. 

Bits 2-0: PAMW2-0 (PAM area wait) 

The table below lists bit values and number of wait states. 

PAMW2 PAMWI PAMWO Number of Wait States 

0 0 0 0 

0 0 1 1 

0 1 0 2 

0 1 1 3 

1 0 0 4 

1 0 1 5 

1 1 0 6 

1* 1* 1* 7* 

* These are the initial values after a reset. 
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Wait Control Register H (WCRH): WCRH register specifies the number of wait states to be inserted 
in the memory cycle when the PAH area is accessed. 

7 6 5 4 3 2 0 

B~Name -. -. -. -. -. PAHW2 PAHW1 PAHWO 

ReadlWrite RIW RIW RIW 

Initial Value 0 0 0 0 0 

PAH Area Wait 
• Reserved. These bits always read 0 and should be set to o. 

Bits 7·3: Reserved bits. These bits always read 0 and should be set to O. 

Bits 2·0: PAHW2·0:(PAH area wait) 

The table below lists bit values and number of wait states. 

PAHW2 PAHWI PAHWO Number of Wait States 

0 0 0 0 

0 0 1 1 

0 1 0 2 

0 1 1 3 

1 0 0 4 

1 0 1 5 

1 1 0 6 

I'" I'" I'" 7* 

'" These are the initial values after a reset. 

9.2.3 I/O Wait Control Register (IOWCR) 

10WCR specifies the number of wait states to be inserted in the I/O cycle when an external I/O space 

is accessed. 

The I/O space is divided into internal and external I/O areas. The external I/O area is further divided at 

address OOFOH into 10H and 10L (figure 9-5). The 10WCR specifies the number of wait states for 10H 

and IOL in the external I/O area. When accessing the internal I/O area, the wait states are not inserted. 
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FFFFH 1 1"'53' 
" 

10H 
External 1/0 space 

0100H 256 
OOFOH 

---------ibk----------
240 

OOEOH 
10L 

224 

(Reserved) 

0088H 136 

Intemall/O 
space 

OOOOH 0 

Figure 9-5. IntemallExtemal 110 Space Partition 

7 6 5 4 3 2 0 

B~Name -. IOH2 IOH1 10HO -. IOL2 10L1 10LO 

ReadlWrite RIW RIW RIW RIW RIW RIW 

Initial Value 0 0 

110 High I/O Low 

• Reserved. These bits always read 0 and should be set to o. 

Bit 7: Reserved. This bit always reads 0 and should be set to O. 

Bits 6-4: IOH2-0 (110 High) 

The IOH bits specify the number of wait states to be inserted in the I/O cycle when an IOH address in 

an external I/O space is accessed. The table below lists bit values and the number of wait states. 
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IOH2 IOHt IOHO Number of Wait States 

0 0 0 0 

0 0 1 1 

0 1 0 2 

0 1 1 3 
1 0 0 4 

1 0 1 5 
1 1 0 6 

1* 1* 1* 7* 

* These are the initial values after a reset 

Bit 3: Reserved. This bit always reads 0 and should be set to O. 

Bits 2·0: IOL2·0 (110 Low) 

The IOL bits specify the number of wait states to be inserted in the I/O cycle when an IOL address in 

an external I/O space is accessed. The table below lists bit values and the number of wait states. 

IOL2 lOLl IOLO Number of Wait States 

0 0 0 0 

0 0 1 1 

0 1 0 2 

0 1 1 3 

1 0 0 4 

1 0 1 5 

1 1 0 6 

1* 1* 1* 7* 

* These are the initial values after a reset. 

9.2.4 Interrupt Wait Control Register (INTWR) 

INTWR specifies the number of wait states to be inserted in the ftrst machine cycle of an INTo inter­

rupt acknowledge cycle. 
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Notes: 

• For INTI, INT2, or internal interrupts except TRAP, two wait states are automatically inserted. 

Insertion of more than two wait states is not possible using either the register setting or an external 

line control. 

• For the ftrst machine cycle of an NMI interrupt acknowledge cycle, the area is determined according 

to the address value specifted and the number of wait states specifted by the corresponding wait con­

trol register are inserted, as they would be in an ordinary memory cycle. Wait state insertion by line 

control is done the same as for ordinary memory cycles. 

7 6 5 4 3 2 o 

Bit Name 
_. _. _. _. _. 

INTW2 INTW1 INTWO 

ReadlWrite RIW RIW RIW 

Initial Value o o o o o 

Interrupt Wait 

• Reserved. These bits always read 0 and should be set to O. 

Bits 7-3: Reserved. These bits always read 0 and should be set to O. 

Bits 2-0: INTW2-0 (Interrupt Wait) 

The INTW bits specify the number of wait states to be inserted in the ftrst machine cycle of the INTo 

interrupt acknowledge cycle. The table below lists bit values and the number of wait states. 

INTW2 INTWI INTWO Number of Wait States 

0 0 0 2 

0 0 I 3 

0 1 0 4 

0 1 1 5 

1 0 0 6 

1 0 1 7 

1 1 0 8 

1" 1" 1" 9" 

.. These are the initial values after a reset 
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Figure 9-6 shows insertion timing of the wait state by WAIT line control or programmable wait state in 

the first machine cycle of an INTo interrupt acknowledge cycle. 

First machine cycle of an INTo acknowledge cycle 

Inserted wait states ~ 

Tw· Tw· Tw Tw Tw T3 

~ \ : i i : 
, '" , ,., . ,., , , , 
, , '. 

~A19 
------( 

D~D7------------+-~--------~----------4~------~ 

ST 

* Two wait states are automatically inserted. 

Figure 9-6. Wait State Insertion Timing in an INTo Acknowledge Cycle 

9.2.5 Refresh Wait Control Register (RWCR) 

RWCR specifies the number of wait states to be inserted in a refresh cycle. 

Note: 

If 0 is specified as the number of wait states to be inserted in a refresh cycle using register control, 

wait insertion using WAIT line control is not accepted. 
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7 6 5 4 3 2 o 

Bit Name -' -' -' -' -* REFW2 REFW1 REFWO 

ReadlWrile 

Initial Value o o o o 

• Reserved. These bits always read 0 and should be set to O. 

o 

Bits 7-3: Reserved. These bits always read 0 and should be set to O. 

Bits 2-0: REFW 2-0 (Refresh Wait) 

RIW 

Refresh Wjlit 

The REFW bits specify the number of wait states to be inserted in a refresh cycle. The table below 

lists bit values and the number of wait states inserted. 

REFW2 REFW1 REFWO Number of Wait States 

0 0 0 0 
0 0 1 1 

0 1 0 2 

0 1 1 3 
1 0 0 4 

1 0 1 5 

1 1 0 6 

1* 1* 1* 7* 

* These are the initial values after a reseL 

9.3 Operation 

9.3.1 Wait State Insertion Using WAlT Line Control 

In this wait state insertion using WAIT line control, the wait state is inserted between T2 state and 1'3 

state in the bus cycle Tl-1'3. 

When the WAIT line is held low, a wait state (Tw) is inserted between bus cycles T2 and T3. 

When the WAIT line goes high, the cycle resumes in the 1'3 state. 
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Figure 9-7 shows the timing for inserting wait states using WAIT line control. 

The WAIT line level is sampled at the falling edge of the I!I clock in the T2 or T w state. During a 

refresh cycle, the WAIT line level is sampled only at the falling edge of a Tw state, therefore sampling 

operation is not performed if wait state is not inserted by register control. Each time the WAIT line is 

low at the falling edge of the I!I clock in the T w state, another T w state will be inserted. 

There is no limit on the number of wait states that can be inserted. 

Notes: 

• When the WAIT line signal is set at a low level, the set up time and hold time for falling edge of 

I!I clock must be accounted for by synchronizing to the rising I!I clock edge. If not, normal oper­

ation is not guaranteed. 

• With the exception given above, wait states cannot be inserted in the acknowledge cycles for 
----
INTI, INT2, internal interrupts except TRAP, or internal I/O cycle. The number of wait states 

for these interrupts is fixed at 2 (for INTI, INT2, and internal interrupts except TRAP) and 0 

(for internal I/O cycles). 

• Refresh cycles cannot be inserted between continuous wait cycles. When the refresh function is 

being used, this fact must be taken into account in determining the maximum number of wait 

states inserted. 

13 

(for refresh) 

i Sampling i Sampling i Sampling 
. . . 

r--r~-------r--------
WAIT 

Figure 9·7. Wait State Insertion Timing Using WAIT Line Control 
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9.3.2 Wait State Insertion Using Register Control 

The wait control register inserts wait states in memory cycle, I/O cycle, INTo interrupt acknowledge 

cycle and on refresh cycles, and specifies the number of wait states, obviating the need for an external 

circuit for this purpose. The number of wait states inserted in each bus cycle is programmable. 

Inserting Wait States in a Memory Cfcle: Wait states can be inserted according to memory specifi­

cations. Figure 9-8 shows an example for interfacing three different types of memory. In this example, 

wait states can be independently specified for each of the three types of memory. Physical address 

boundaries for dividing the three memory spaces are specified by the physical address boundary regis­

ters 0 and 1. For details, see section 9.2 1 "Physical Address Boundary Registers 0 and 1." The num­

ber of wait states to be inserted for each memory area is specified in the wait control registers: L, M, 

and H. For details, see section 9.2.2 "Wait Control Registers L, M, and H." 

FFFFFH 

PAH area 
Physical address Address 
boundary register 11-------""1--------------------------

PAM area 

Physical address 
boundary register 0 I------~--------------------------

PAL area 

Wait state (0-7) Wait control register H 

~------t Wait control register M 
Wait state (0-7) 

OOOOOH 1....-____ --' Wait state (0-7) Wait control register L 

Physical address space 

Figure 9-8. Memory Space Division and Wait State Insertion 

Inserting Wait States in an I/O Cycle: The number of wait states to be inserted in an external I/O 

cycle is specified in the I/O wait control register. For details, see section 9.2.3 "I/O Wait Control 

Register." The extemall/O space is partitioned at physical address OOFOH into the higher and lower 

address areas (lOH and 10L, respectively). Wait states can be independently specified for each 10H 

and lOL access. Wait states cannot be inserted in an internal I/O cycle. 
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Fm" 1 
101-1 165535 

I,--VO_W_alt_oo_nt_rol-,-~_st_er~1 O;:H _ _________________ 256 

OOFOH I--___ IO_H __ --l 240 

10L 
OOEOH _____ -1 224 

(Reserved) 

0088H _____ -;136 

InlemalllO space 

OOOOH '--____ --' 0 

Extemal VO space 

Figure 9·9. I/O Space Division and Wait States Insertion 

Inserting Wait States in an INTo Interrupt Acknowledge Cycle: The number of wait states to be 

inserted in the frrst machine cycle of an INTo acknowledge cycle is specified by the interrupt wait con­

trol register. For details, see section 9.2.4 "Interrupt Wait Control Register." This function allows a 

flexible access time for an interrupt exclusive device. 

Inserting Wait States in a Refresh Cycle: The number of wait states to be inserted in a refresh cycle 

is specified by the refresh wait control register. For details, see section 9.2.5 "Refresh Wait Control 

Register" and figure 8-2. "Refresh Timing." 
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9.3.3 Wait State Controls 

Table 9-2 summarizes wait state insertion conditions. 

Table 9-2 Wait State Insertion Conditions 

WAIT Line Programmable Register specifying 

Operation cycle wait insertion number of wait states number of wait states 

insertions 

Memory cycle possible 0-7 Wait control registers L,M. 

andH 

External I/O cycle possible 0-7 I/O wait control register 

Internal I/O cycle not possible 0 
Refresh cycle possible· 1 0-7 Refresh wait control register 

1st machine cycle of possible 2-9 *2 Interrupt wait control 
INTo acknowledge cycle register 

1st machine cycle of not possible 2 *2 

INTI, INT2 and internal 

interrupts except TRAP 

1 st machine cycle of NMI possible 0-7 Wait control registers 

acknowledge cycle L,M,andH 

* I Wait state insertion using the WAIT line is possible only when programmable wait insertion is perfonned . 

• 2 Two wait states are automatically inserted. 

9.4 Operation in Low Power Dissipation Mode 

The wait controller continues operating in the sleep mode. Thus wait states can be inserted when 

DMAC operates in the sleep mode. In the system stop mode, the wait controller stops and retains the 

current register contents. 

9.S Reset Operation 

Reset stops the wait controller and initializes the registers as follows: 

• The wait control registers L, M, and H, I/O wait control register, interrupt wait control register and 

refresh wait control register are initialized so that the maximum number of wait states are inserted. 
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• The physical address boundary registers 0 and I are initialized to OOH. This results in the physical 

address space consisting of ~e PAL area only. Accordingly, the number of wait states specified in 

the wait control register L is inserted in a memory cycle. 

9.6 Precautions 

If wait state iitsertion is requested by register control simultaneously with WAIT line control, wait 

states of the number specified in the register are inserted. If the WAIT line _requests more wait states, 

the additional wait states are inserted. 
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Section 10. Chip Select Control 

10.1 Chip Select Line Operation 

Chip select lines CSo, CS1, and CS2 indicate that physical address spaces PAL area, PAM area, and 

PAH area are being accessed. (For details, see section 9.2.1 "Physical Address Boundary Registers 0 

and 1" and section 9.3.2 "Wait State Insertion Using Register Control"). 

Note that FP-80A package version does not have CS2 line. 
-- --_. -

Table 10-1 shows the relationship between lines and their associated physical address spaces. 

Table 10-1. CS Lines and Associated Physical Address Spaces 

CS Line Asserted Associated Physical Address Area 

CSoline PAL area 

CSlline PAM area 

CS2line PAHarea 

Figure 10-1 shows chip select timing. 

Memory cycle ------=---1 
Tw Tw T3 

Jl.-JL.J 
--- r-~--------------~~r_--~_{r-------

Ao-A19 ___ K ~'--__ _ 

ME 
'------------liS---{V 

Tw: Wait State 

Figure 10-1. Chip Select Timing 
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10.2 Operation in Low Power Dissipation Mode 

While the DMAC is operating in the sleep mode. the chip select line corresponding to the accessed 

physical address area is driven low. When the DMAC is not operating in the sleep mode or when the 

system stop mode is entered. the chip select lines are set to 1. 

10.3 Reset Operation 

The chip select lines go high after a reset. Immediately after a reset is cleared. the physical address 

space equals the physical address lower area and thus the corresponding CSo line is driven low. (For 

details. see section 9.2.1 "Physical Address Boundary Registers 0 and I"). 

10.4 Precautions 

The chip select lines are asserted only during memory cycles (not during refresh cycles and I/O 

cycles). 
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Section 11. Low Power Dissipation Modes 

The ~64180S supports two low power dissipation modes: sleep and system stop. These modes are 

selected using the I/O control register (IOCR). The IOCR is contained in the CPU and allocated to I/O 

address 0005H. For details, see section 3.4.5 "Sleep Mode." 

11.1 Sleep Mode 

Executing an SLP instruction when the IOSTP bit (in IOCR) is 0 causes the HD64180S to enter the 

sleep mode. In this mode, the CPU stops, but other areas (MSCI, ASCI/CSIO, DMAC, refresh con­

troller, and timer) remain active. 

Asserting the BUSREQ signal causes the HD64180S to enter the bus release mode. The HD64180S 

leaves the sleep mode when a reset or interrupt is detected. 

For details, see section 3.4.5 "Sleep Mode." 

11.2 System Stop Mode 

Executing an SLP instruction when the IOSTP bit (in iOCR) is 1 causes the HD64180S to enter the 

system stop mode. In this mode, clocks for the CPU and other functions stop. Less power is dissipat­

ed in this mode compared to the sleep mode. 

In the system stop mode, asserting the BUSREQ line causes the HD64180S to enter the bus release 

mode. The HD64180S leaves the system stop mode when a reset or external interrupt is detected. For 

details, see section 3.4.6 "System Stop Mode." 
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Section 12. Oscillator Circuit 

12.1 Crystal Resonator and Oscillator Circuit 

The HD64180S contains an on-chip oscillator. The III clock can be generated by connecting a crystal 

resonator to the XTAL and EXTAL lines. (The crystal must be an AT-cut parallel resonator). The out­

put of the oscillator is connected to a driver (see figure 12-1) that divides the oscillator frequency by 

two. Therefore, the oscillator frequency must be double that of the required III clock frequency. 

An external clock can also be supplied directly via the EXTAL line (for details, see section 12.3 

"Operation Using an External Clock"). 

Note that the external clock is also divided by two to generate the III clock. 

A baud rate generator (BRO) is contained in both the MSCI and ASCI/CSIO. The III clock is used as 

the reference clock for the BRO. 

CPU 

MSCI Containing BRG 

XTAL ASCI/CSIO Containing BRG 

EXT AL Oscillator 1/2 divider 
DMAC 

fIJ clock output Timer 

Refresh controller, wait controller, etc. 

Figure 12-1. 0 Clock Generation and Supplies to Each Function Block 
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Figure 12-2 shows an example of a crystal connection circuit. 

EXTAL 

CJ 

XTAL 

Figure 12·2. Crystal Connection Circuit 

The crystal resonator and load capacitor must satisfy the characteristics listed in table 12-1. 

Table 12·1. Recommended Characteristics of Crystal Resonator and Load Capacitor 

Oscillation Frequency 

Item 1 MHz < f s: 12.288 MHz 12.288 .MHz < f S:20 MHz 
Co <7pF <7pF 

Rs <600 <350 
CLl,CLl 10-22 pF±lO% 10-22 pF±10% 

12.2 Oscillator Circuit Board Design 

When connecting the output of a crystal resonator to the XTAL and EXTAL lines, the following design 

precautions must be observed: 

1. Locate the crystal resonator and load capacitors (CLl and CLl) as close to the chip as possible. If 

noise is introduced on the XTAL line or EXTAL line, normal operation cannot be 

guaranteed. 

2. The signal leads to the XTAL pin and cp pin should be positioned as far apart as possible and not 

parallel to one another. If the cp signal induces noise in the XTAL input, normal oscillation cannot 

be guaranteed. (See figure 12-3 (a).) 

3. Do not run signal or power lines near the oscillator circuit. Figure 12-3 (b) shows an undesirable 

layout. Induced noise may cause operating errors. Isolation between XTAL, EXTAL, and adjacent 

lines must be 10 MO or more. 
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IiJ 

CL1 

rJr--1 
XTAL 

H 0 6 4 1 B 0 S 

EXTAL 

Figure 12·3. (a) Undesirable Oscillator Circuit Layout 

* 
~Signal:A Signal B 

SignalC : 

CL1 

m:-1 HD641BOS 

EXTAL 

• When laying out PCB patterns. do not locate signal lines near XTAL or EXTAL. 

Figure 12·3. (b) Undesirable Oscillator Circuit Layout 
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Figure 12-4 shows an example of oscillator circuit board design. 

Avoid wiring in this area ::,-2ommmax,~:, 
1"7'7'77'7-7"77"77/""]"/"":""""''7'""7-7-'7''''""7''''''''-' ~ 

EXTAL XTAL 

HD64180S 

(Top view) 

------------r 

~ 
~ 
o 
C\I 

Figure 12·4. Example of Oscillator Circuit Layout 

12.3 Operation Using an External Clock 

The HD64180S can be operated using an external clock (connected to the EXTAL line). In this case, 

the input frequency must be double that of the III clock and the XTAL line must be left floating. 
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Figure 12-5 shows a typical connection for an external clock. 

EXTAL ~14-:-- JLJUL External clock Input 

XTAL ~I---- Floating 

Figure 12·5. Example of Connection for External Clock 
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Section 13. Electrical Specifications 

13.1 Absolute Maximum Ratings 

Table 13-1. Absolute Maximum Ratings 

Item Symbol Rating Unit 

Supply voltage VeA; -{).3 to +7.0 V 

Input voltage Yin -{).3 to Vee + 0.3 V 

Operating temperature Topr -20 to +75 'C 

Storage temperature Tstg -55 to +150 'C 

Caution: Permanent damage to the HD64180S may result if it is subjected to conditions that 

exceed the absolute maximum ratings. To assure normal operation, the following conditions should 

be satisfied: 

Vss ~ Yin ~ VeA; 

13.2 DC Characteristics 

Table 13-2. DC Characteristics 

(Vee = 5V ± 10%, Vss = OV, Ta = -20 to +75°C unless otherwise specifie~) 

Item Symbol min typ max Unit Conditions 

Input high level voltage at V!Hl V~.6 VeA;+O.3 V 

RESET, EXTAL, and NMI 

Input high level voltage at VIH2 2.2 Vcc+O.3 V 

lines other than RESET, 

EXTAL, and NMI 

Input low level voltage at V ILl -{).3 0.6 V 

RESET, EXTAL, and NMI 

Input low level voltage at VIL2 -{).3 0.8 V 

lines other than RESET, 

EXTAL, and NMI 

Output high level voltage 
VOH 

2.4 
V 

IOH = -200 IlA 
at all output lines Vcc-1.2 IOH=-201lA 

Output low level voltage VOL 0.45 V IOL= 2.2 mA 

at all output lines 
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Table 13-2. DC Characteristics (cont.) 

(Vee = 5V ± 10%, Vss = OV, Ta = -20 to + 75°C unless otherwise specified) 

Item 

Input leakage current 

at all input lines other than 

XTAL and EXTAL 

1bree state leakage current 

Current dissipation* 

(normal operation) 

Current dissipation* 

(system stop mode) 

Pin capacitance 

• Input signal 

Symbol 

IlL 

ITL 

Icc 

Cp 

RESET, EXTAL, NMI: VIHmln = Vcc-O.6V, VILmax = 
O.6V the others: VIHmin = V cc·1.OV, V1Lmax = O.8V 
All output terminals are at no load. 

13.3 AC Characteristics 

min typ max 

1.0 

1.0 

36 72 
48 96 

60 120 

6 12 

8 16 

10 20 

20 

Unit 

f..LA 

Conditions 

Vin=0.5 to 

Vee-O.5 

f..LA V in = 0.5 to 

Vee-O.5 

f=6MHz 

rnA f=8MHz 

f= 10 MHz 

f=6MHz 

rnA f=8MHz 

f=IOMHz 

pF Vin=OV, f= 1 

MHz, Ta = 25°C 

Note that the specifications related to CS2 pin is specified only in CP-84 package version. 

13.3.1 Bus Timing 

Table 13-3. Bus Timing 

(Vee = 5V ± 10%, Vss = OV, Ta = -20 to +75°C unless otherwise specified) 

HD64180SCP6 HD64180SCPS HD64180SCPI0 

Item Symbol min typ max min typ max min typ max Unit Timing 
Clock cycle time be 162 2000 125 2000 100 2000 ns See figures 

Clock high-level tCHw 65 50 38 - ns 13-1,13-2, 

pulse width 13-3, and 

Clock low-level tcLw 65 50 38 - ns 13-4. 

pulse width 

Clock fall time tcf 15 15 12 ns 

Clock rise time 1i:r 15 15 12 ns 

Address delay tAo 90 80 55 ns 

time 
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Table 13·3. Bus Timing (cont.) 

(Vee = 5V ± 10%, Vss = OV, Ta = -20 to +75°C unless otherwise specified) 

HD64180SCP6 HD64180SCPS HD6418OSCP10 
Item Symbol min typ max min typ max min typ max Unit Timing 
Address set-up tAs 20 15 15 - ns See figures 
time (vis-a-vis 13-1,13-2, 

falling edge of 13-3,and 

ME,IOE,or 13-4. 

CS2-CSo) 

ME dela~ time 1 b.mo! 60 50 SO os 

RD delay time 1 tRoo! 60 50 SO ns 

LIR delay time 1 1m! 80 70 55 ns 

Address hold tAlI 35 - 20 10 - ns 
time (vis-a-vis 

rising edge of 

ME, IOE,RD, 

WRor 
CS2--CSO) 

ME dela~ time 2 tM!m 60 50 SO ns 

RD dela~ time 2 1RDm 60 50 SO ns 

RD dela~ time 3 1lIDD3 6S 60 55 ns 

LIR delay time 2 1lm 80 70 55 ns 

Data read set-up mRS 40 30 - 30 - ns 
time 

Data read hold mRH 0 0 0 - ns 

time* 
ST delay time 1 tsm! 90 70 60 ns 

ST delay time 2 ts1m 90 70 60 ns 

WAIT set-up tws 40 - 40 - 30 - ns 

time 

• Defmed against the fll'St signal to go high level of ME, RD and CSz - CSo 
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Table 13-3. Bus Timing (cont.) 

(Vee = 5V ± 10%, Vss = OV, Ta = -20 to +75°C unless otherwise specified) 

HD64180SCP6 HD64l8OSCP8 HD64l8OSCPI0 
Item Symbol min typ max min typ max min typ max Unit Timing 
WAIT hold time twH 40 - 40 - 30 - os See figures 
Wri1edata 1.WDz 95 70 ro os 13-1,13-2, 
floating delay 13-3, and 
time 13-4. 
WR delay time 1 twRDl 65 ro 50 os 
Wri1e data delay twoo 90 80 ro os 
time 

Wri1e data set-up twDs 40 20 - 15 - os 
time (vis-a-vis 

falling edge of 
WR) 

WR delay time 2 twRm 80 ro 55 os 
WR pulse width lWRP 170 - 130 - 110 - os 
Write data hold lWDH 40 15 - 10 - ns 
time (vis-a-vis 

rising edge of 

WR) 

lOE dela;r time 1 l10DI - ro 50 50 ns 
IOE dela;r time 2 11002 ro 50 50 os 
IOE delay time 1101>3 340 - 250 -200 - os 
3 (from falling 

ed~eofUR) 

IOE dela;r time 4 11004 65 60 55 ns 
!NT set-up time 1INrs 40 - 40 - 30 - ns 
(vis-a-vis 

falling edge of 

1/1) 

!NT hold time 1INm 40 - 40 - 30 - os 
(vis-a-vis 

falling edge of 

1/1) 
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Table 13-3. Bus Timing (cont.) 

(Vee = 5V ± 10%, Vss = OV, Ta = -20 to +75°C unless otherwise specified) 

HD64180SCP6 HD64l8OSCP8 HD64l8OSCPI0 

Item Symbol min typ max min typ max min typ max Unit Timing 

NMI pulse width 1NMlw 120 - 100 - 80 - ns Seefigmes 
BUSREQ set-up taRs 40 - 40 - 30 - ns 13-1,13-2, 

time (vis-a-vis 13-3,and 

falling edge of 13-4. 

fIl) 

BUSREQhold tBRH 40 - 40 - 30 - ns 

time (vis-a-vis 

falling edge of 

fIl) 

BUSACK delay tBADl 95 70 60 ns 

time 1 

BUSACK delay t1IAD2 95 70 60 ns 

time 2 

Bus floating IBzD - 125 90 80 ns 

delal time 

ME high-level tMBwH 110 - 90 - 70 - ns 

pulse width 

ME low-level 1MBwL 125 - 100 - 80 - ns 

pulse width 

REF delay time 1 tRFDl 90 80 60 ns 

REF delay time 2 tRFIn 90 80 60 ns 

HALT delay 1:nAD1 90 80 50 ns 

time 1 

HALT delay blAIn 90 80 50 ns 

time 2 

RESET set-up tREs 120 - 100 - 80 - ns 

time 

RESET hold tREH 80 - 80 - 80 - ns 

time 

Oscillator tosc - 20 - 20 40 ms 

stabilize time 
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Table 13·3. Bus Timing (cont.) 

(Vee = 5V ± 10%, Vss = OV, Ta = -20 to +75°C unless otherwise specified) 

HD64180SCP6 HD64180SCPS HD64180SCP10 

Item Symbol min tyP max min typ max min typ max Unit Timing 
RESET rise time 1Rr 50 50 50 ms See figures 
RESET fall time tRf 50 50 50 ms 13-1,13-2, 
CS delay time 1 tcsDl 60 55 50 ns 13-3, and 
CS delay time 2 tcsm 60 55 50 ns 13-4. 

13.3.2 MSCI Timing 

Table 13·4. MSCI Timing 

(Vee = 5V ± 10%, Vss = OV, Ta = -20 to + 75°C unless otherwise specified) 

HD64180SCP6 HD64180SCPS HD64180SCP10 

Item Symbol min t,!p max min t,!p max min typ max Unit Timing 
TXCM cycle time trcYCM 1.4* ,- 1.4* - 1.4* - - tCYc See figures 

(lXCM input) 13-5,13-6, 

TXCM rise time trcrM 20 15 10 ns 13-7,13-8, 

(lXCM input) 13-9,13-

TXCM fall time tmM 20 15 10 ns 10,13-11, 

(lXCM input) 13-12, and 

TXCM high-level trcHwM 0.55 - 0.55 - 0.55 - - tCYc 13-13. 

puIsewidth 

(lXCM input) 

TXCM low-level trcLWM 0.55 - 0.55 - 0.55 - - tCYc 

pulse width 

(lXCM input) 

TXDM delay time troDiM - 130 - 100 80 ns 

(IXCM: input) 

TXDMck:laytirre troD2M 80 65 50 ns 
(IXCM:ootput) 

RXCM cycle time tRCYCM 1.4* - 1.4* - 1.4* - - tCYc 

* In asynchronous mode, loop mode, trcvcM, IR=:M = 2.5 tcvc (min). 
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Table 13-4. MSCI Timing (cont.) 

0/cc = 5V ± 10%, vss = OV, Ta = -20 to +75°C unless otherwise specified) 

HD64180SCP6 HD64l8OSCPS HD64l8OSCPI0 

Item Symbol min typ max min typ max min typ max Unit Timing 
RXCM rise time 1Rc.M 20 15 10 os See figures 

RXCM fall time tRaM: 20 15 10 os 13-5,13-6, 

RXCM high-level IltcHwM 0.55 - 0.55 - 0.55 - - tcYc 13-7,13-8, 

pulse width 13-9,13-

RXCM low-level tRCLWM 0.55 - 0.55 - 0.55 - - tcYc 10,13-11, 

pulse width 13-12, and 

RXDM-RXCM IRDsIM 50 - 40 - 30 - os 13-13. 

set-uptime 

(RXCM input) 

RXCM-RXDM IRmnM 40 30 - 20 - ns 

hold time (RXCM 

input) 

RXDM-RXCM 1RDs2M 130 - 100 - 80 - os 

set-uptime 

(RXCM output) 

RXCM-RXDM tRDH2M 40 30 - 20 - os 

hold time (RXCM 

output) 

ADPLL operating 1PLcYM 120 80 - 57 - ns 

clock cycle time 

ADPLL operating IPuM 15 10 8 ns 

clock rise time 

ADPLL operating truM 15 10 8 ns 

clock fall time 

ADPlL operating 1PLHwM 25 15 10 - ns 

clock high-level 

pulse width 

ADPLL operating 1Pu.WM 25 15 10 - os 

clock low-level 

pulse width 

j/S-BRG* output tBGDM - 150 120 95 ns 

delay time 
* timo". fl6 (fmto is the baud rate generator output frequency; ffl'is the CPU operating clock frequency), 

472 HITACHI 



Table 13-4. MSCI Timing (cont.) 

(Vee = 5V ± 10%, Vss = OV, Ta = -20 to +75°C unless otherwise specified) 

HD6418OSCP6 HD64180SCPS HD64180SCPI0 
Item Symbol min typ max min typ max min tm max Unit Timing 

TXCMlRXCM IBoMr 50 40 - 30 ns See figures 
ou!2!!! rise time 13-5,13-6, 
TXCMlRXCM 1BaMf 50 40 - 30 ns 13-7,13-8, 
output fall time 13-9,13-
RXCM-SYNC 1SYsu 2.5 - 2.5 - 2.5 - - tcYc 10,13-11, 
set-u~time 13-12, and 
RXCM-SYNC tsYIID 2.5 - 2.5 - 2.5 - - tcYc 13-13. 
hold time 

CfSM high-level tcrsnwM 2.0 - 2.0 - 2.0 - - tcYc 

pulsewidth 

CfSM low-level tcrsLWM 2.0 - 2.0 - 2.0 - - tcYc 

pulse width 

DCDM high-level 1Da>HwM 2.0 - 2.0 - 2.0 - - tcYc 

Eulsewidth 
DCDM low-level tocm.WM 2.0 - 2.0 - 2.0 - - tcYc 

pulse width 

fIl-RTSM delay bmoM 100 - 85 - 70 ns 

time 
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13.3.3 ASCIICSIO Timing 

Table 13·5. ASCIICSIO Timing 

(Vee = 5V ± 10%, vss = OV, Ta =-20 to + 75°C unless otherwise specified) 

HD64I8OSCP6 HD64180SCPS HD6418OSCPI0 
Item Symbol min typ max mintyp max min typ max Unit Timing 
TXCAinput trcYc 25 2.5 - - 2.5 - ...;. tcYc See figures 

cycle time 13-14, 13-

TXCAinput trcHw 0.55 - 0.55 - - 0.55 - - tcYc 15,13-16, 

high-level pulse 13-17, 13-

width 18,13-19, 

TXCAinput trcLw 0.55 - 0.55 - - 0.55 - - tcYe and 13-20. 

low-level pulse 

width 

TXCA input rise trcr 30 20 - 10 ns 

time 

TXCA input fall . trcr 30 20 - 10 ns 
time 

TXDAdelay troD! 1.5 3.0 1.5 - 3.0 1.5 - 3.0 tcYc 

time 1 

TXDAdelay trooo 50 40 - 30 ns 

time 2 

RXCAinput tRcYc 25 2.5 - - 2.5 - - tcYe 

cycle time 

RXCAinput t:Rcuw 0.55 - 0.55 - - 0.55 - - tcYe 

high-level pulse 

width 

RXCAinput tRc!.w 0.55 - 0.55 - - 0.55 - - tcYc 

low-level pulse 

width 

RXCA input rise IRer 30 20 - 10 ns 

time 

RXCA input fall 1Rcr 30 20 - 10 ns 

time 
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Table 13-5. ASCVCSIO Timing (cont.) 

(Vee = SV ± 10%, vss =.OV, Ta = -20 to +7SoC unless otherwise specified) 

HD64180SCP6 HD64l8OSCPS HD64180SCPI0 

Item Symbol min typ max min typ max min typ max Unit Timing 
RXDAset-up tRDsl 50 - 40 - 30 - ns See figures 

time 1 13-14, 13-

RXDA hold time 1RDHl 40 30 - 20 - ns 15,13-16, 
1 13-17,13-

RXDAset-up 1RDs2 130 - 100 - 80 - ns 18,13-19, 

time 2 and 13-20. 
RXDA hold time tRIm 40 30 - 20 - ns 

2 

~-BRG output IBGDA 80 70 60 ns 

delay time 

TXCA/RXCA 1BaAr 50 40 30 ns 
output rise time 

TXCA/RXCA 1BaM 50 40 30 ns 
oU!Eut fall time 

crSA high-level tcrsHw 20 - 2.0 - 2.0 - - tcYe 

:eulse width 

CTSA low-level tcrsLw 20 - 2.0 - 2.0 - - tcYc . 

1!ulse width 

DCDAhigh- tlxDHw 20 - 2.0 - 2.0 - - tcYe 

level pulse width 

DCDA low-level tDcoLw 20 - 2.0 - 2.0 - - tcYe 

:eulse width 

RTSAdelay IlmD - 100 85 70 ns 

time 
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13.3.4 DMAC Timing 

Table 13·6. DMAC Timing 

(Vee = 5V ± 10%, Vss = OV, Ta =-20 to +75°C unless otherwise specified) 

HD64180SCP6 HD64l8OSCPS HD64l8OSCPI0 
Item Symbol min typ max min typ max min typ max Unit Timing 
DREQset-up tDRBQ.s 40 - 40 - 30 - ns Seetigure 

time 13-21. 

DREQ hold time IDRI!c:»I 40 - 40 - 30 - ns 
1ENDdelay tIED! 70 60 50 ns 
time 1 

1ENDdelay b1!D2 70 60 50 ns 
time 2 

ST delal: time 1 15m! 90 70 60 ns 
ST delal: time 2 1m» 90 70 60 ns 

13.3.5 Timer Timing 

Table 13·7. Timer Timing 

(Vee = 5V ± 10%, Vss = OV, Ta = -20 to +75°C unless otherwise specified) 

HD64180SCP6 HD64l8OSCPS HD64l8OSCPI0 

Item Symbol min typ max min typ max min typ max Unit Timing 
Tuner input 1Pwr 2.0 - 2.0 - 2.0 - - tCYc See figure 

pulse width 13-22. 

Timer input set- tPDsu 40 - 40 - 30 - ns 
uptime 

Tuner input hold 1PDH 40 - 40 - 30 - ns 
time 

Timer output troo - 100 85 70 ns 
delay time 
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13.3.6 EXT AL Input Clock Signal Timing 

TabJe 13-8. EXT AL Input Clock Signal Timing 

(Vee = 5V ± 10%, Vss = OV, Ta = -20 to +75°C unless otherwise specified) 

HD64180SCP6 HD64180SCPS HD64180SCPI0 

Item Symbol min typ max min typ max min typ max Unit Timing 
External clock 1EcYc 81 1000 62 1000 50 1000 ns See figure 

cycle time 13-23. 

External clock 1l!cHw 20 15 10 - ns 

high-level pulse 

width 

External clock tllcLw 20 15 10 - ns 

low-level pulse 

width 

External clock tEcr 25 25 15 ns 

fall time 

External clock lEer 25 25 15 ns 

rise time 

13.3.7 Miscellaneous 

Table 13-9. Rise and Fall Times of Input Signals with No Characteristics Specified . 

(Vee = 5V ± 10%, Vss = OV, Ta = -20 to + 75°C unless otherwise specified) 

Item 
Input line rise 

time (no 

characteristics 

specified) 

Input line fall 

time (no 

characteristics 

specified) 

HD64180SCP6 HD64180SCPS HD64180SCPI0 

Symbol min typ max min typ max min. typ max Unit Timing 
IJr 100 100 100 ns See Figure 

13-24. 

100 100 100 ns 
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13.4 Timing Diagrams 

13.4!1 Bus Timing 

~EO' 

WK 

LIR 

ST 

D,- D, (IN) 

RESET ., 

*1 Output buffer inactivation timing. 

tMEt r tAH 

tCSD2' 

~~-01 
10---01 t AS I 

*2 A low-level signal should be input to the RESET pin such that it is sampled at low level for at least six successive" 

clock falling edges. After the reset mode is entered, it may require up to 1 0 clock cycles before ali of the output lines 

are set to their initialize conditions. See section 3.4.2 "Reset Mode; for details. 

Figure 13-1. Bus Timing (1) 
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ill"' 

ill"' 

Do -D 7 (JN)*' 

HE"" 

tSRH 

Ao-A,. 
Do - D7 
HE.~.~.nIT--------------~ 

*1 During INTo acknowledge cycle 

*2 During refresh cycle 

*3 Output buffer inactivation timing 

Figure 13-2. Bus Timing (2) 
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Second opcode fetch cycle 
for SLP instruction 

T. T, 

Sleep or system stop mode 

T. Ts Ts 

INTo.INT,.--------------~r_--~~1 

INT. 

O.6V 

HALT 

L / 
II 

ME. RD. ill 

Ts 

Opcode fetch or interrupt 
acknowledge cycle 

T, T. 

tHAD' r 
\ \ 

Figure 13·3. Bus Timing (3) (sleep or system stop mode) 

--s.SV 
I 1\ 

Vee .::;r-4. SV 

more than maximum value o! tose 

______ ~II~----------------jr_--~yO.6V 
Figure 13·4. Bus Timing (4) 
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13.4.2 MSCI Timing 

(1) Transmit timing (TXCM input) 

TKCM 
(input) 

TKOM 
(Output) 

-0 

------, 

* Defines in the FM type codes. 

.!.I.e. M 

tTCLWM 

........... 
tTDD1M 

) 

-0 perM 

tTCHWM ~ 

tTCyeM 

!-----t tTDD1M· 

) 

Figure 13·5. Transmit Timing (TXCM input) 

(2) Transmit timing (TXCM output) 

TXCM·1 

(output) 

TKOH 
(output) 

*1 For details of the TXCM waveform, see figure 13-10. 

*2 Defines in the FM type codes. 

Figure 13·6. Transmit Timing (TXCM output) 

(3) Receive Timing (RXCM input) 

RXCH 
(input) 

RXOM 
(input) 

..... 

tRDS1M ........ 

==:) 

~Cr'M 
-0 ~-

tRCLWM 

tRCHWM 

tRCyeM 

tRDH1M 

!( 

Figure 13·7. Receive Timing (RXCM input) 
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(4) Receive Timing (RXCM output) 

RXCM* 
(output) 

tRDS2M tRDH2M 

RXDM 
(input) ). K 

• For detalls of the RXCM waveform, see figure 13-10. 

Figure 13·8. Receive Timing (RXCM output) 

(5) ADPLL Operating Clock Timing 

RXCM 
(input) 

..... 1-'-. 

tPLHWM 

':::' -
tPLCYM 

tPLLWM J 

J ~ 
'I 

Figure 13·9. ADPLL Operating Clock Timing 

(6) Baud Rate Generator Output Timing 

TXCM/RXCM 
(output) 
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Figure 13·10. Baud Rate Generator Output Timing (fBRG ¢ fill) 
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(7) ~Timing 

RXCM 1 t SYHD 
(input) 

tSYSU 

SYNC 
(input) V 

Figure 13-11. SYNC Timing 

(8) CTSM and DCDM Timing 

tCTSLWM 

-~ tCTSHWM ~-r-
-~ tDCDHWM n 

Figure 13·12. CTSM and DCDM Timing 

(9) RTSM Timing 

Figure. 13·13. RTSM Timing 
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13.4.3 ASCVCSIO Timing 

(1) Transmit Timing (TXCA input) 

UCA 
(input) 

TXDA 

---, 

--

t TCLW 

-t TCf 

) 
.......... t TDD • 

t Tc'ye 

t TCHW 

"---- ~hcr 

Figure 13·14. Transmit Timing (TXCA.input) 

(2) Transmit Timing (TXCA output) 

UCA" 
(output) ~ __ ....J/ -ii., 

~--------------

• For details of the TXCA waveform, see figure 13-18. 

Figure 13·15. Transmit Timing (TXCA output) 

(3) Receive Timing (RXCA input) 
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RXCA 
(input) 

RXDA 

t RCYC 

Figure 13·16. Receive Timing (RXCA input) 



(4) Receive Timing (RXCA output) 

RXCA' 
(output) 

RXDA 

• For details of the RXCA waveform, see figure 13-18. 

Figure 13·17. Receive Timing (RXCA output) 

(5) Baud Rate Generator Timing 

TXCAlRXCA 
(output) 

t BGDA 

t BGAf 

Figure 13·18. Baud Rate Generator Timing 

(6) CTSA and DCDA Timing 

~ 
tCTSLW 

~ ~ CTSA 
tCTSHW 

~ 
tDCDLW 

U ~ DCDA 
tOCDHW 

Figure 13·19. CTSA and DCDA Timing 
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(7) RTSA TIming 

Figure 13·20. RTSA Timing 
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13.4.4 DMAC Timing 

DREQo. 1 

(level sensitive 
mode) 

DREQo. 1 

(edge sensitive 
mode) 

ST 

DMA readlwrite cycle *3 

*1 Defines the rising edge of the clock immediately preceding T3 in single-block transfer mode (dual address type) in 

write cycle 

*2 Defines the rising edge of the clock 

*3 Defines a read cycle in slngle-block transfer mode (dual address type) 

*4 Defines the clock after T3 of write cycle in single-block transfer mode (dual address type) 

*5 Defines the rising edge of the clock at the beginning of a DMA cycle 

*S Defines the rising edge of the clock at the beginning of a CPU cycle 

Note: The timing for ME, IOE, RD, WR, Oo-D7, and Ao-A19 during readlwrite operations Is the same during CPU 

operation. 

Figure 13-21. DMAC Timing 
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13.4.5 Timer Timing 

TI No. , 

tTOD 

TOUT o. , 

Figure 13·22. Timer Timing 

13.4.6 EXT AL Input Clock Signal Timing 

I ~-

t ECYC 

teCHW 

v cc-D. 6V Vcc-D. 6V 
.} 4 \D.6V 

~t.c. ~ t-t ECf I 
r t ECLW 

Figure 13·23. EXT AL Input Clock Signal Timing 
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13.4.7 Miscellaneous 

(1) Rise and Fall Times of Input Signals with No Characteristics Specified 

t " -I<-
----. 

Figure 13·24. Rise and Fall Times of Input Signals with No Characteristics Specified 

(2) Reference Levels (when not otherwise specified) 

~I:i~ ~:i;~ ~2.4V 2.4V~ 
---AD. 8V D. BY "--

Input signal reference level Output signal reference level 

Figure 13·25. Reference Levels 

(3) Bus Timing Load (TIL load) 

Vee 

Test point RL 

Diode* 

c 

• 1S2074H or equivalent. 
(RL=1.6K0

1 l c = 90pF 

R=12KO j 

Figure 13·26. Bus Timing Load 
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Section 14. Package Dimensions 

14.1 Package Dimensions 

Figures 14-1 A&B shows the external dimensions of the HD64180S. 

30.23 + 0.1 2( 1.190 t 0.005) 

II 184 75 

12 0 74 

~ ~ 
~ 

.. 
+1 

ffi .. co 

~ :il 
~ .. 

+l 

I<: :e 

32 54 

o 0.10(0.00' 
<SEATING PLANE) 

28.20±0.50(1.I10±0.020) 

(CP-84) 
Figure 14-1A. A CP-S4 Package Dimensions 

0,]J1-1:(r.l)5 II 1M 0.13(0.00SIilll ! 
(O.OIZ±O.OOZ) .. ___ L'Il!...J 

l Z.90(0.114)max 

0.1 (0.004) 
~ (STAND OFF) 

I 0.15±0.05 

(0.006 ± 0.002) 

Figure 14-lB. FP-SOA Package Dimensions 
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Appendices 





A. Instruction Set 

I~ the instruction set, the following conventions are used: 

(1) Register specification 

g, g'represents a 8-bit register, while ww, xx, yy, or zz represents a pair of 8-bit registers. The 

corresponding registers are listed below. 

IH" Register ww Register xx Register n: Register zz Register 

000 B 00 BC 00 BC 00 BC 00 BC 

001 C 01 DE 01 DE 01 DE 01 DE 

010 D 10 HL 10 IX 10 IV 10 HL 

011 E 11 SP 11 SP 11 SP 11 AF 

100 H 

101 L 

111 A 

Note: ww, xx, yy, or xx plus H or L (eg, wwH, IXL) indicates the high or low order byte of a 

16-bit register. 

(2) Bit specification 

'b' indicates the bit number of the bit operand in a bit manipulation instruction. The 

. corresponding bits are listed below. 

B Bit 

000 0 
001 1 
010 2 

011 3 

100 4 

101 5 

110 6 

111 7 
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(3) Condition specification 

'f indicates the condition for executing an instruction, based on the arithmetic result. The 
corresponding conditions are listed below. 

f Condition 

000 NZ non zero 

001 Z zero 

010 NC non carry 

011 C carry 

100 PO parity odd 

101 PE parity even 

110 P sign plus 

111 M sign minus 

(4) Restart address 

'v' indicates the restart address of a restart instruction. The corresponding addresses are listed 

below. 

v Address 

000 OOH 
001 08H 
010 10H 
011 18H 
100 20H 
101 28H 
110 30H 
111 38H 

(5) Flag 

Flag changes are indicated by the following symbols: 

-: The flag is not changed by the instruction. 

X: Flag change by this instruction is undefmed. 
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t: The flag is changed according to the arithmetic result of the instruction. 

S: The flag is set to I by the instruction. 

R: The flag is reset to 0 by the instruction. 

P: The flag is changed as a parity flag by the instruction. 

V: The flag is changed as an overflow flag by the instruction. 

(6) Others 

()M: Indicates the memory at the address indicated in parentheses. 

( )1: Indicates the I/O at the address indicated in parentheses. 

m or n: 8-bit value 

rnn: 16-bit value 

r: Subscript r indicates a 8-bit register. 

R: Subscript R indicates a 16-bit register. 

b·( )M: Indicates the memory bit specified by b at the address indicated in parentheses. 

b·gr: Indicates the register bit specified by b in the register specified by gr. 

d or j: Signed 8-bit displacement 

S: Source addressing mode 

D: Destination addressing mode 
.. AND 

+: OR 

$: Exclusive OR 
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1. Data Manipulation Instructions 

(1) Arithmetic and logic instructions (8bits) 

Operation Addressing Flag 

name MNEMONICS OP code Bytes States Operation 7 6 4 2 1 0 
IMME EXT IND REG REGI IMP REL 5 Z H PN N C 

ADD ADDA.g 10000 g S 0 1 4 Ar+gr~Ar I I I V R I 
ADD A.(IILI 10000 110 S D I 6 Ar+IIILI.~Ar I I I V R I 
ADD A,m II 000 110 S D 2 6 Ar+m"'Ar I I I V R I 

( m > 
ADD A,(lX+dl 11011101 S D 3 14 Ar+ (IX +dl.~Ar I I I V R I 

10000 110 
( d > 

ADDA,(lY+dl 11111101 s D 3 14 Ar+(lY+dl.~Ar I I I V R I 
10000110 
( d > 

ADC ADCA.g 10001 g S D 1 4 Ar+gr+c"'Ar I I 1 V R I 
ADC A,(HLI 10001 110 S D 1 6 Ar+ (HLI.tc~Ar I I I V R I 
ADCA,m II 001 110 S D 2 6 Ar+m+c ... Ar I I I V R I 

( m > 
AOC A,(lX Id) 11111\1111 S \) :\ \4 Ar I· (IX I dl .. ·' c ·At \ \ \ V R \ 

10 001 110 
( d > 

ADCA,(lY+dl 11111101 S D 3 14 Ar+(lYtdl.tc~Ar I I I V R I 
10001110 
( d > 

AND ANDg 10100 g S D 1 4 Ar'gr~Ar I I S P R R 
AND (HLI 10100 110 S D I 6 Ar·(HLI.~Ar I I S P R R 
ANDm 11100 110 S D 2 6 Ar·m ... Ar I I S P R R 

( m > 
AND (lXtdl 11 011101 S D 3 14 Ar·(lXtdl.~Ar I I S P R R 

10100 110 
( d > 

AND (lYtdl 11111101 S D 3 14 Ar· (lYtdl.~Ar I I S P R R 
10100 110 
( d > 

Compare CPg 1OI1Ig S D I 4 Ar-gr I I I V S I 
CP (HLI 10111110 S D 1 6 Ar-(HLI. I I I V S I 
CPm 11111110 S D 2 6 Ar-m I I I V S I 

( m > 
CP (lXtdl 11 011101 S D 3 14 Ar-(IXtdl. I I I V S I 

10111110 
( d > 

CP (IYtdl 11111101 S D 3 14 Ar-(lYtdl. I I I V S I 
10111110 
( d > 

COMPLE· CPL 00 1011ll SID I 3 Ar ..... Ar S S MENT 

DEC DECg OOg 101 SID I 4 gr-I~gr I I I V S 
DEC (HLI 00 110 101 SID I 10 (HLI.- I ~(HLI. I I I V S 
DEC (IXtd) 11 011101 SID 3 18 (lXtd).-I~ I I I V S 

00 110 101 (lX+d). 
( d > 

DEC (lYtdl 11 111101 SID 3 18 (lYtd).-I~ I I I V S 
00 110 10\ OY+d). 
( d > 

INC INCg OOg 100 SID 1 4 grtl~gr I 1 I V R 
INC (HL) 00 110 100 SID 1 10 (HL).t 1 ~(HL). 1 1 I V R 
INC (IX+d) 11 011101 SID 3 18 (lXtd).+l~ 1 I I V R 

00 110 100 (lXtd). 
( d > 

INC (lYtd) 11111101 SID 3 18 (lYtd).tl~ I I I V R 
00 110 100 (lYtd). 
( d > 

(Continued) 
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Operation Addressing 
Flag 

MNEMONICS OP code Bytes 'States Operation 7 6 4 2 1 0 
name 

IMME EXT IND REG REGI IMP REL S Z H P/V N C 

MULT MLTww 11101101 SID 2 17 wwHrxwwLr--ww. 

01 wwliOO 

NEGATE NEG 11101101 SID 2 6 O-Ar ..... Ar I I I V S I 

01 000 100 

OR ORg 10110 g S D I 4 Ar+gr~Ar I I R P R R 

OR <HLI 10 110 110 S D I 6 Ar+ IHL).~Ar I I R P R R 
ORm 11110110 S D 2 6 Ar+m~Ar I I R P R R 

( m ) 

OR (IX+d) II 011101 S D 3 14 Ar+(IX+d).~Ar I I R P R R 

10 110 110 
( d > 

OR (IYtdl II III 101 S D 3 14 Art (IY td).~Ar I I R P R R 

10110 110 
( d > 

SUB SUBg 10010 g S D I 4 Ar-gr ..... Ar I I I V S I 

SUB IHLI 10010 110 S D I 6 Ar-IHL).~Ar 1 1 I V S 1 

SUBm . II 010 110 S D 2 6 Ar-m~Ar 1 I I V S I 

( m > 
SUB (IXtd) II 011 101 S D 3 14 Ar-(IXtd).~Ar I 1 I V S I 

10010 110 
( d > 

SUB (IY+d) II III 101 S D 3 14 Ar-(IYtd).~Ar 1 1 I V S 1 

10 010 110 
( d > 

SUBC SBC A,g 10011 g S D I 4 Ar-gr-c ..... Ar 1 1 1 V S I 

SBC A,IHL) 10011 110 S D I 6 Ar-IHL).-c~Ar I 1 1 V S I 

SBC A,m II 011 110 S D 2 6 Ar-m-c-Ar 1 I 1 V S I 

( m > 
SBC A,(IXtd) II 011 101 S D 3 14 Ar-(IXtd).-c~Ar 1 1 J V S 1 

10011 110 
( d > 

SBe A,(IYtd) II III 101 S D 3 14 Ar-(IY td).-c~Ar 1 1 1 V S 1 

10011 110 
( d ) 

TEST TSTg II 101 101 S 2 7 Ar·gr I I S P R R 

OOg 100 
TST (HL) 11101 101 S 2 10 Ar'IHL). 1 1 S P R R 

00 110 100 
TSTm 11101101 S 3 9 Ar'm 1 1 S P R R 

01 100 100 
( m > 

XOR XORg 10101 g S D I 4 Ar\h<r~Ar I I R P R R 
XOR IHL) 10101 110 S D I 6 An!l(HL).~Ar I I R P R R 

XORm II 101110 S D 2 6 An!lm~Ar 1 I R P R R 
( m ) 

XOR (IXtd) II 011 101 S D 3 14 An!l(IX td) .~Ar I I R P R R 

10101 110 
( d ) 

XOR (IYtd) II III 101 S D 3 14 An!l(IY+d).~Ar I 1 R P R R 

10 101 110 
( d ) 
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(2) Rotate/shift instructions 

Operation Addressing 
Flag 

MNEMONICS OPcode Bytes States Operation 7 6 4 2 I 0 
Qame 

IMMEl EXT IND REG REGI IMP REL S Z H PlY N C 

Rotate RLA 110 010 III SID I 3 R R I 
and RLg 11 001 011 SID 2 7 Cb7~bO I I R P R I 
Shift 00 010 g 
Data RL (HLI 11 001 011 SID 2 13 I I R P R I 

00 010 110 
RL IIX+dl 11 011101 SID 4 19 I I R P R I 

11 001 011 
( d ) 

00 010 110 
RL lIY+d) 11111101 SID 4 19 I I R P R I 

11 001 011 
( d ) 

110 010 110 
RLCA 00 000 III SID I 3 ali I II II II jJ R R I 
RLCg 111101011 SID 2 7 C b7'4---bO I I R P R I 

lI0000g 
RLC (HL) 11 001 011 SID 2 13 I 1 R P R I 

110 000 110 
RLC (tX+dl 11 011101 SID 4 19 I I R P R I 

11 001 011 
( d ) 

00 000 110 
RLC IlY+d) 11 III 101 SID 4 19 I I R P R I 

II 001 011 r----J 
( d ) Ar ., .. 

00 000 110 
., '-----' .. (HU. RLD II 101101 SID 2 16 1 1 R P R 

01 101 III 
RRA 00 011 111 SID I 3 ~IIIIIIIJ-oJ R R I 
RRg 11 001 011 SID 2 7 b7---..bO C I I R P R I 

00 011 g 
RR IHLI II 001 011 SID 2 13 1 I R P R I 

00 011 110 
RR (tX+dl II 011101 SID 4 19 I I R P R I 

11 001 all 
( d ) 

00 011 110 
RR (tY+dl 1I111101 SID 4 19 I I R P R I 

II 001 011 
( d ) 

00 011 110 
RRCA 00 001 111 SID 1 3 

CjllllllliJ.o R R I 
RRCg II 001 011 SID 2 7 1:11--+-110 c I I R P R I 

00 001 g 
RRC IHL) II 001 011 SID 2 13 I I R P R I 

00 001 110 
RRC IIX+d) 11011101 SID 4 19 I I R P R 1 

11 001 all 
( d ) 

00 001 110 
RRC IIYfd) 11 III 101 SID 4 19 I I R P R I 

11 001 all 
( d ) 

00 001 110 

(Continued) 
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Operation Addressing 
Flag 

MNEMONICS OP code Bytes States Operation 7 6 4 2 1 0 
name 

IMMEl S H PlY EXT IND REG REGI IMP REL Z N C 

Rotate RRD 11101101 SID 2 16 =t. I I R P R 
aad 01100 III 
Shift SLAg II 001 011 SID 2 7 ., .. I I R P R I 
Data 00 100 g . 

SLA IHL) II 001 on SID 2 13 I't bJ .. I I R P R I 
011 IIMI 1111 

SLA IIX+d) 11011101 S/U 4 I' I I k I' R I 
II 001 011 
( d } 

00 100 110 
SLA lIY+d) 11111101 SID 4 19 I I R P R I 

II ~Il 011 
( d } 

00 100 110 
SRAg II 001 011 SID 2 7 

cellllill KJ 
I I R P R I 

00 101 g ., .. c 
SRA IHL) II 001 011 SID 2 13 I I R P R I 

00 101110 
SRA IIX+d) 11 011101 SID 4 19 I I R P R I 

11 001 011 
( d } 

00 101110 
SRA lIY+d) IIllll01 SID 4 19 I I R P R I 

11 001 011 
( d ) 

00 101 110 ---
SRLg II 001 011 SID 2 7 ·-lllllill KJ I I R P R I 

OOlllg " .. c 

SRL IHL) 11 001 011 SID 2 3 I I R P R I 
00 III 110 

SRL IIX+d) II 011101 SID 4 19 I I R P R I 
11001011 
( d ) 

00 III 110 
SRL IIY+d) IIllll01 SID 4 19 I I R P R I 

II 001 011 

I 
( d ) 

OOlllllO 
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(3) Bit manipulation instructions 

Operation Addl'l!lling 
PI., 

name MNEMONICS OP code Bytes States Operation 7 6 4 2 1 0 
IMMEl EXT IND REG RI!GI IMP REI. S Z K PlY N c 

Bit Set Sl!Tb.I 11001011 SID 2 7 I"""'· ... 
lib I 

SI!T b,(KL) 11001011 SID 2 13 I""",·(JIL). 
lib 110 

SETb,OX+d) 11 011101 SID • 19 l~b·(IX+d). 

11001011 
( d ) 

l1b 110 
SI!T b,(IY+cJ) 11111101 SID • 19 l~b·(JY+d). 

11001011 
( d ) 

l1b 110 

Bit Reset RESb.I 11001011 SID 2 7 ~b'''' 
10 b , 

RESb,(KL) 11001011 SID 2 13 ~b·(KL). 

10 b 110 
RES b,(IX+d) 11 011101 SID • 19 O-ob. (IX +cJ). 

11001011 
( d ) 

10 b 110 
RESb,OY+d) 11111101 SID • 19 ~b·(IY+cJ). 

11001011 
( d ) 

10 b 110 

Bit Test BITb.I 11001011 S 2 6 b'rz X I 5 X R 
01 b g 

BIT b,(HL) 111101011 5 2 9 b·(KL).~z X 1 5 X R 
01 b 110 

BlTb,(IX+d) 11 011101 5 • 15 b·(IX+cJ).~z X I 5 X R 
11001011 
( d ) 

01 b 110 
B1Tb,(IY+d) 11111101 5 • 15 b·(IY+d).~ X I 5 X R 

11001011 
( d ) 

01 b 110 
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(4) Arithmetic instructions (16 bits) 

Operation Addressing 
PI .. 

MNEMONICS OPcode Byles States Operation 7 6 4 2 I 0 name 
IMMEl EXT REG S Z K PlY N C IND REGI IMP REL 

ADD ADD KL,ww 110 wwl 1101 S D I 7 KL.+ww.~KL. X R I 
ADD IX,xx II 011101 S D 2 10 1X.+xx. ... a. X R I 

110 ",,11101 
ADDIY,yy 1I-1lI101 S D 2 10 IY.",yy ..... IY. X R I 

110 yyllIOl 

ADC ADC KL,ww 11101101 S D 2 10 HL.+ww.+ .... KL. I I X V R I 
01 wwlOIO 

DEC DECww IIOwwlOll SID I 4 ww.-l .... ww. 
DEC IX II OlllOI SID 2 7 IX.-I~IX. 

110 101 011 
DECIY 1I1l1101 SID 2 7 ly.-1 .... 1Y. 

110 101 Oll 

INC INCww 1IO_0ll SID I 4 ww.+ l-ww. 
INC IX II 011101 SID 2 7 IX.+I-IX. 

110 100 011 
INCIY llllllOI SID 2 7 IY.+I~IY. 

110 1110 Oll 

SOC SIlCIIL,ww 11101101 S D 2 10 ilL,- ww.--c-·III .. I I X V S I 
01 _010 
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2. Data Transfer Instructions 

(1) 8-bit transfer instructions 

Operation Addressing 
Flag 

MNEMONICS OP code Bytes States Operation 7 6 4 2 1 0 name 
IMME[ EXT IND REG REGI IMP REL S Z H P/V N C 

Load LDA) 11101101 SID 2 6 Ir-Ar ., I I R IEF, R 
8-bit Data 01 DID 111 

LDA.R 11101101 SID 2 6 R ...... Ar *' I I R IEF, R 
01 011111 

LDA,IBC) 00 001 DID S D I 6 IBC).~Ar 

LDA,IDE) 00 011 010 S D I 6 (DE).~Ar 

LD A,Imn) 00 111 010 S D 3 12 Imn).~Ar 
( n > 
( m > 

LDI,A 11101101 SID 2 6 Ar-Ir 
PI 000 111 

LD R,A 11101101 SID 2 6 ~Rr 

01 001111 
LD IBC),A 00 000 010 D S I 7 Ar~IBC). 
LD IDE),A 00 DID DID D S I 7 ~IDE). " 
LD Imn),A 00 110 DID D S 3 13 ~(mnJ. 

( n > 
( m > 

LDg,g' 01 g ( SID I 4 gt~gr 

LDg,IHL) 01 g 110 D S I 6 IHL).~ 
LDg,m OOg 110 S D 2 6 m~gr 

( m > 
LDg,IIXtd) 11 011101 S D 3 14 (IXtd).~gr 

01 g 110 
( d > 

LDg,(IY+d) 11111101 S D 3 14 (IYtd).~gr 

01 g 110 
( d > 

LD IHL),m 00 110 110 S D 2 9 m~IHL). 
( m > 

LD (IXtd),m 11 011101 S D 4 15 m~(IX+d). 

00 110 110 
( d > 
( m ) 

LD (IYtd),m 11 111101 5 D 4 15 m~(IYtd). 

00 110 110 
( d > , 
( m > 

LD IHL),g 01110 g S D I 7 gr~IHL). 
LD (IXtd),g 11 011101 D S 3 15 gr~(IX+d). 

01110 g 
( d > 

LD (IY+d),g 11111101 D S 3 15 gr~(IY+d). 

01 110 g 
( d > 

·1 No interrupts are sampled at the end of LD A.I or LD A.R instruction, 
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(2) 16-bit transfer instructions 

Operation Addressing 
Flag 

MNEMONICS OP code Bytes States Operation 7 6 4 2 I 0 
name 

IMMEl EXT IND REG REGI IMP REL S Z H P/V N C 

Load LD wW,mn OOwwOool S D 3 9 mn-ww. 
I6·bit Data ( n ) 

( m ) 
LD IX,mn 11011101 S D 4 12 mn-IX. 

00 100 001 
( n ) 

( m ) 
LD IY,mn 1I111101 S D 4 12 mn-IYR 

00 100001 
( n ) 

( m ) 
LUSI',IIL II III 001 Sill I • III.. ,SI'. 
LD SP,IX II 011101 SID 2 1 IX~-SPII 

11111001 
LDSP,IY II III 101 SID 2 1 IVN-SP" 

lI111oo1 
LDww,(mn) 11101101 S D 4 18 (mn+l)".-wwHr 

OlwwlOIl (mn)lI ..... wwLr 
( n ) 

( m ) 

LD HL,(mn) 00 101 010 S D 3 15 (mn+l)"' ..... llr 
( n ) (mn) ... -Lr 
( m ) 

LD IX,(mn) II 011 101 S D 4 18 (mntll,-IXllr 
00101010 (nm),-IXLr 

( n ) 

( m ) 
LD IY,(mn) II III 101 S D 4 18 (mn+l),-IYHr 

00 101 010 (mn) ....... lyLr , II , 
( m ) 

LD (mn),ww 11101101 D S 4 19 wwHr-{mn+llw 
OlwwOOIl wwLr-(mn}". 

( n ) 

( m ) 
LD (mn),HL 00 100010 D S 3 16 Hr-(mn+l) .. 

( n ) Lr .... (mn)N 
( m ) 

LD (mnl,IX II Oil 101 D S 4 19 IXHr ..... {mn+ Ihj 
00 100 010 IXLr ..... (mn),. 

( n ) 

( m ) 
LD (mnl,IY II III 101 D S 4 19 IYHr-(mn+ II, 

00 100 010 lyLr ..... (mn). 
( n ) 

( m ) 
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(3) Block transfer instructions 

Operation 
MNEMONICS OP code name 

Block 
Transfer CPD 11101101 
Search 10101001 
Data 

CPDR 11101101 
10 III 001 

CPI 11101101 
10100 001 

CPIR 11101101 
10110001 

LDD 11101101 
10 101 000 

LDDR 11101101 
10 III 000 

LDI 11101101 
10 100 000 

LDlR 11101101 
10 110 000 

._. 

*2 P/V = 0 : BCR - 1 = 0 
P/V = 1 : BCR - 1 .. 0 

*3 Z=l Ar=(HL>.t 
Z = 0 : Ar .. (HL>.t 

504 HITACHI 

IMME 

Addressing 
Bytes States 

EXT IND REG REGI IMP REt 

S S 2 12 

S 5' 2 14 
12 

S S 2 12 

S 5 2 14 
12 

SID 2 12 

SID 2 141BC,*0) 
12 (BC,=O) 

SID 2 12 

SID 2 II IBC,*O) 
12 IBC,=O) 

Flag 
Operation 7 6 4 2 1 0 

S Z H PN N C 

'3 ., 
Ar-IHL). I I I I S 
BC,-I~BC, 

HL,'-I~HL, .3 •• 
BC,*O Ar*IHL), I I I I S 
BC,=O or Ar= IHL), 

[Ar-IHL), 
Q BC,-I~BC, 

'HL,-I~HL, 

Repeat Q until 
Ar=(HL) .. orBC.=O .3 ., 
Ar-IHL), I I I I 5 
BC,-I~BC, 

HL,+I~HL. .. ., 
ac.OOArO(HLl. I I I I 5 
BC.=o or Ar=(HL) .. 

[Ar-IHL ), 
Q BC,-I~BC, 

111 .. 11 ..... 111 .. 
Helleal Q until 
Ar= (HL), or BC,=O ., 
IHL).~IDE), R I R 
BC,-I~BC, 

1lE.-I~DE. 

HL.-I~HL, 

[ IHL),~IDE), R R R 
BC,-I~BC, 

Q DE.-I~DE. 
HL.-I~HL. 

Repeat Q \DItn 
BC,=O .. 
(HL).~IDE), R I R 
BC,-I~BC, 

DE.+I~DE. 

HL.+I~HL. 

[ (HL),~IDE), R R R 
BC,-I~BC, 

Q DE.+l~DE. 
HL.+l~HL. 

Repeat Q untn 
BC,=O 



(4) Stack/exchange instructions 

Operation Addressing 
Flag 

name 
MNEMONICS OP code Bytes Siates Operation 7 6 4 2 1 0 

IMMEl: EXT IND REG REGI IMP REL S Z H P/V N C 

PUSH PUSH .. 11 zzO 101 S D I 11 zzLr-ISP-2). 
zzHr-ISP-ll. 
SP.-Z""SP. 

PUSH IX 11 011101 SID 2 14 IXLr-ISP-2). 
11100 101 IXHr-ISP-Il. 

SP,-2-SP, 
PUSH IY 11 III 101 SID 2 14 IYLr-ISP-2). 

11 100 101 IYHr-ISP-I). 
SP,-2-SP, 

POP popzz 11 zzO 001 D S I 9 ISP+Il.-zzHr •• 
ISP).-zzLr 
SP,+2-SP, 

POP IX 11 011101 SID 2 12 ISP+ll.-IXHr 
11 100 001 ISP).-IXLr 

SP,+2-SP, 
POPIY 11 III 101 SID 2 12 ISP+ Il.-IYHr 

11100 001 ISP).-IYLr 
SP,+2-SP, 

Exchnngc F.x AMP 00 001Il00 SIO 1 ~ AF ..... AF.· 
EX DE,HL 11101011 SID 1 3 DE,-HL, 
EXX 11 011 001 SID I 3 BC,-BC' 

DE,-DE,' 
III."IIL,' 

EX ISP),HL 11100 011 SID 1 16 Hr-ISP+II. 
Lr-(SP). 

EX (SP))X 11 011101 SID 2 19 IXHr-ISP+I). 
11100011 IXLr-(SP). 

EX (SP),IY 11111101 SID 2 19 IYHr-(SP+ll. 
11100011 IYLr-ISP). 

*4 POP AF writes the stack contents to the flag, 
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3. Program Control Instructions 

Operation Addressing 
Flag 

name MNEMONICS OP code Bytes States Operation 7 6 4 2 1 0 
IMME EXT INO REG REGI IMP REL 5 Z H PlY N C 

Can CALL 1M U 001101 D 3 16 PCH'~ISp-l). 

< n > PCLr~ISP-Z). 

( m > mn-pc' 
SPR-2~SPR 

CALL f,mn 11f lOll 0 3 6If:false) continue: f is false 
< n > 16 If: true) CALL mn : f is true 
( m > 

Jump OjNZj 00 010 000 0 Z 918,*0) Br-}-+Br 

(~Z> Z 1 (8,=0) continue : Br = 0 
, pc'+j~pc': 8,*0 

jP f,mn 11f 010 0 3 61f: false) mn~PC,: fistrue 

< n > 3 9 If: true) continue: f is false 
< m > 

jPmn 11 000 011 D 3 9 1lU1 .... PC. 

< n > 
( m > 

jP IHL) U 101001 D I 3 HL ..... PC .. 
jp (IX) U 011 101 D Z 6 IX.~PC, 

II 101 001 
jP IIV) 11111101 0 Z 6 IY.-PC. 

11101 001 
jRj 00 011 000 D Z 8 pc'+j~pc' 

<i-Z> 
jRCj 00 III 000 0 Z 6 continue: C=O 

<i-Z> Z 8 pC,+j~pC, : C=I 
jRNCJ 00 110000 D Z 6 continue: C=I 

<i-Z> Z 8 pC,+j~pc': C=O 
jRZj 00 101 000 0 Z 6 continue: Z=O 

(~Z> Z 8 pC,+j~PC.: Z=I 
jRNZj 00 lOll 000 0 Z 6 continue: Z=I 

(j-Z> Z 8 PC.+j .... PC.: Z=O 

Return RET 11 001 001 D I 9 ISP).~PCL' 

ISP+ 1).~PCH, 
SP.+2 .... SP. 

RETf 11f 000 0 I 5 If: false) continue : ( is false 
I 10 If: true) RET : f is lrue 

RETI 11101101 0 Z 22 ISP).~PCL, 

01001101 (SP+ 1).~PCH, 
SP.+2 .... SP. 

RETN 11101101 D Z IZ (SP).~PCL, 

01 000 101 ISP+ 1).~PCH, 
SP.+2 .... SP. 
IEFz .... IEFI 

Restart RSTv llv 11l D 1 11 PCH'~ISP-l). 

PCLr~ISP-Z). 

~PCH, 

v~PCLr 

SII. Z·.SI'. 
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4. 110 Instructions 

Operation 
mune 

INPUT 

*5 Z = 1 
Z=O 

*6 N = 1 
N=O 

MNEMONICS 

INA,(m) 

INJ!,(C) 

INOg,(m) 

IND 

INDR 

INI 

INIR 

Br -1 = 0 
Br - 1 .. 0 

OP code 

II 011 011 
( m ) 

11 101101 
III K 000 

11101101 
OOg 000 
( m ) 

11101101 
10101010 

II 101101 
10 III 010 

11101101 
10100 010 

11101101 
10110010 

MSB of Data = 1 
MSB of Data = 0 

IMMED EXT 

Addressing 
Byles Stutes 

IND REG REGI IMP 110 
D S 2 9 

D S 2 9 

D S 3 12 

D S 2 12 

D S 2 14(B,*O) 
12(Br=0) 

D S 2 12 

D S 2 I4IB,*O) , 
12(B,=0) 

Flag 
Ol.k!mtion 7 6 ~ 2 I 0 

S Z H P/V N C 
(Am),~A, 

m ..... Ao-AT 

A-r ..... A.-AIi 

(BC),-", 
g=110: Only lhe I I N I' N 
flags will 
change. 
Cr-A.-A, 
Br-A.-A" 
(OOmJ,-gr I I R P R 
g= 110 : Only the 
flags will 
change. 
m-Ao-AJ 

DO-At-All ., '6 

(BC),-!HL). X I X X I X 
HI.,-I-HL, 
Dr-I-Dr 
C,-A.-A, 
Br ..... A.-A" .6 

[ (BC),-(HL). X S X X I X 
Q HI.,-I-HL, 

Dr-I~B, 

Repeat Q until 
Br=O 
Cr-A.-A, 
Br ..... A,-A.1 ., ., 
(BC),~!HL). X I X X I X 
HI.,+I~HL, 

Br-l ..... Ur 

Cr-A.-A, 
Br-A.-A1, '6 

[ (BC),-(HL). X s X X I X 
Q HI.,+l-HI., 

B,-I-Dr 
Repeat Q 'until 
B,=O 
Cr-A.-A, 
Br .... A,-Au, 

(Continued) 
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Operation MNEMONICS OPcade name 

OUTPUT OlJll' (ml,A II 010011 
< m ) 

OUT (el,g 11101101 
01 g 001 

OUTO (ml,g 11101101 
OOg 001 
< m ) 

OTDM 11101101 
100111 011 

OTDMR 11101101 
10011 011 

OTDR 11101101 
10 1II 011 

OUTI 11101101 
10100 011 

OTIR 11101101 
10110011 

TSTIOm 11101101 
01 110100 
< m ) 

OTIM 11101101 
10000011 

OTIMR 11101101 
10010011 

OUTO 11101101 

*7 Z = 1 
Z=O 

*8 N= 1 
N=O 

508 HITACHI 

10101011 

Br - 1 = 0 
Br-l .. O 
MSB of Data = 1 
MSB of Data = 0 

IMME[ 

S 

Addressing 
Bytes States 

EXT IND REG REGI IMP 110 

5 D 2 10 

S D 2 10 

S D 3 13 

S D 2 14 

S D 2 16(8,*01 
J4(8,=01 

S D 2 11(8,*01 
12(8,=01 

S D 2 12, 

S D 2 14(8,*01 
12(8,=01 

S 3 12 

S D 2 14 

S D 2 16(8,*01 
U(8,=01 

S D 2 12 

Flag 

Operation 7 6 4 2 I 0 
5 Z H P/V N C 

Ar~(Am), 

m-A.-A, 
~A,-A" 
gr-(BCh 
Cr-Ao-A, 
Br-A.-AII 

gr-(IJOm), 
m~A.-Af 

~A,-A" ., .. 
(HLI.~(OOCI, I I I P I I 
HL,-I~HL. 

Cr-I-cr 
Br-I~Br 

~A,-A, 

IXI-At-AI5 .. 
[ (HLI.~(OOCI, R S R S I R 
HL,-I~HL, 

Q Cr-I-cr 
Br-I~Br 

Repeat Q until 
Br=O 
~A,-A, 

OO-At-All •• 
[ (HLI.-(BCI, ·X S X X I X 

Q HL.-I~HL, 
Br-I~B, 

Repeat Q until 
Br=O 
Cr~A.-A, 

Br-+A,-A'1 
., •• 

(HLI.~(BCI, X I X X I X 
HL,+l~HL, 

Br-I~Br 

~A.-A, 

~A.-A" .. 
[ (HLI.~(BCh X s X X I X 

Q ijL,+I~HL. 
Br-I~Br 

Repeat Q ",til 
Br=O 
er .... A.-A, 
Ur-A.-A'1 
(OOC),'m I I S P R R 
Cr-A.-A, 
OO-A.-A" " •• 
(HLI.~(OOCI, I I I P I I 
HL,+I~HL, 

Cr+I~Cr 

8,-I~Br 

~A,-A, 

OO-A.-A15 ., 
[ (HLI.~(OOCI, R S R S I R 

Q HL.+t~HL, 
Cr+I~Cr 

Br-I~Br 

Repeat Q llltil 
Br=O 
C.-AI-A, 
OO-A.-A1, " 

., 
(HLI.~(BCh X I X X I X 
HL,-I~HL, 

B,-I~Br 

~A.-A, 

Br-A.-A., 



5. Special Control Instructions 

Operation Addressing 
Flag 

mime MNEMONICS OP code Bytes States ~ration 7 6 4 2 1 0 
IMMED EXT IND REG REGI IMP REL S Z H P/V N C 

Special DAA 00 100 111 SID I 4 Decimal I I I P I 
Function Adiust 

Accwnulator 

Carry CCF 00 III 111 I 3 C-oC R R I 
Control SCF 00 110 111 I 3 I~C R R S 

CPU DI 11110011 I 3 O-+IEFI' O .... IEFJ •• 
Control EI 11111 011 I 3 l .... IEF .. l .... IEFt •• 

HALT 01110110 I 3 CPU halted 
IMO 11101101 2 6 Interrupt 

01 000 110 mode 0 
IMI 11101101 2 6 Interrupt 

01010110 model 
1M2 11101101 2 6 Interrupt 

01011110 mode 2 
NOP 00 000 000 I 3 No operation 
SLP 11101101 2 8 Sleep 

01110110 

* 9 No interrupts are sampled at the end of a Dl or EI instruction. 
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B. Alphabetical List of Instructions 

MNEMONICS Bytes Machine Cycles States 

ADCA, m 2 2 6 

ADC A, g 1 2 4 

ADC A, (HL) 1 2 6 

ADC A, (IX+d) 3 6 14 

ADC A, (IY +d) 3 6 14 

ADD A, m " 2 2 6 

ADD A, g 1 2 4 

ADD A, (HL) 1 2 6 

ADD A, (IX+d) 3 6 14 

ADD A, (IY+d) 3 6 14 

ADC HL, ww 2 6 10 

ADD HL, ww 1 5 7 

ADD IX, xx 2 6 10 

ADD IY, yy 2 6 10 

ANDm 2 2 6 

ANDg 1 2 4 

AND (HL) 1 2 6 

AND (IX+d) 3 6 14 

AND (IY+d) 3 6 14 

BIT b, (HL) 2 3 9 

BIT b, (IX +d) 4 5 15 

BIT b, (Iy + d) 4 5 15 

BIT b, g 2 2 6 

CALL f, mn 3 2 6 

(If condition is false) 

3 6 16 

(If condition is true) 

CALL mn 3 6 16 

CCF 1 1 3 

CPD 2 6 12 

CPDR 2 8 14 

(If BCR*O and Ar* (HL)M) 

2 6 12 

(If BC.=O or Ar= (HL)M) 

CP(HL) 1 2 6 

CPI 2 6 12 

CPIR 2 8 14 

(If BC.*O and Ar* (HL)M) 

(Continued) 
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MNEMONICS Bytes Machine Cycles States 

CPIR 2 6 12 

(If BCR=O or Ar= (HLlM) 

CP (IX +d) 3 6 14 

CP (IY +d) 3 6 14 

CPL 1 1 3 

CPm 2 2 6 

CP g 1 2 4 

DAA 1 2 4 

DEC (HL) 1 4 10 

DEC IX 2 3 7 

DECIY 2 3 7 

DEC (IX+d) 3 8 18 

DEC (IY+d) 3 8 18 

DECg 1 2 4 

DECww 1 2 4 

DI 1 1 3 

DJNZ j 2 5 9(lf Br"'()) 

2 3 7(If Br=O) 

EI 1 1 3 

EX AF. AF' 1 2 4 

EX DE. HL 1 1 3 

EX (SP). HL 1 6 16 

EX (SP). IX 2 7 19 

EX (SP). IY 2 7 19 

EXX 1 1 3 

HALT 1 1 3 

1M 0 2 2 (j 

1M 1 2 2 6 

1M 2 2 2 6 

INC g 1 2 4 

INC (HL) 1 4 10 

INC (IX+d) 3 8 18 

INC (IY+d) 3 8 18 

INC ww 1 2 4 

INC IX 2 3 7 

INC IY 2 3 7 

IN A. (m) 2 3 9 

IN g. (C) 2 3 9 

INI 2 4 12 

INIR 2 (i ]t\(If 131' I 0) 

(Continued) 
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MNEMONICS Bytes Machine Cycles States 

INIR 2 4 12 (If Br=O) 

.IND 2 4 12 

INDR 2 6 14 (If Br=l=O) 

2 4 12 (If Br=O) 

INO g, (m) 3 4 12 

JP f, mn 3 2 6 

(If f is false) 

3 3 9 

(If f is true) 

JP (HL) 1 1 3 

JP (IX) 2 2 6 

JP (Iy) 2 2 6 

JP mn 3 3 9 

JR j 2 4 8 

JR C, j 2 2 6 

(If condition is false) 

2 4 8 

(If condition is true) 

JR NC, j 2 2 6 

(If condition is false) 

2 4 8 

(If condition is true) 

JR Z, j 2 2 6 

(If condition is false) 

2 4 8 

(If condition is true) 

JR NZ, j 2 2 6 

(If condition is false) 

2 4 8 

(If condition is true) 

LD A, (BC) 1 2 6 

LD A, (DE) 1 2 6 

LD A, I 2 2 6 

LD A, (mn) 3 4 12 

LDA, R 2 2 6 

LD (BC), A 1 3 7 

LDD 2 4 12 

LD (DE), A 1 3 7 

LD WW, mn :l :l 9 

LD WW, (mn) 4 6 18 

(Continued) 
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MNEMONICS Bytes Machine Cycles States 

LDDR 2 6 14 (If BC.,*O) 

2 4 12(If BC. = 0) 

LD (HL). m 2 3 9 

LD HL. (mn) 3 5 15 

LD (HL). g 1 3 7 

LDI 2 4 12 

LD I. A 2 2 6 

LDIR 2 6 14(If BC.,*O) 

2 4 12(If BCR = 0) 

LD IX. mn 4 4 12 

LD IX. (mn) 4 6 18 

LD (IX+d). m 4 5 15 

LD (IX +d). g 3 7 15 

LD IY. mn 4 4 12 

LD IY. (mn) 4 6 ]8 

LD (IY+d). m 4 5 15 

LD (IY+d). g 3 7 15 

LD (mn). A 3 5 13 

LD (mn). ww 4 7 19 

LD (mn), HL 3 6 16 

LD (mn). IX 4 7 19 

LD (mn). IY 4 7 19 

LD R. A 2 2 6 

LD g. (HL) 1 2 6 

LD g. (IX +d) 3 6 14 

LD g. (IY +d) 3 6 14 

LDg. m 2 2 6 

LD g. g' 1 2 4 

LD SP. HL 1 2 4 

LD SP. IX 2 3 7 

LD SP. IY 2 3 7 

MLTww 2 13 17 

NEG 2 2 6 

NOP 1 1 3 

OR (HL) 1 2 6 

OR (IX+d) 3 6 14 

OR (IY+d) 3 6 14 

ORm 2 2 6 

ORg 1 2 II 

OTDM 2 6 14 

(Continued) 
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MNEMONICS Bytes Machine Cycles States 

OTDMR 2 8 16(If Br*O) 

2 6 14 (If Br=O) 

OTDR 2 6 14 (If Br*O) 

2 4 12 (If Br=O) 

OTIM 2 6 14 

OTIMR 2 8 16(If Br*O) 

2 6 14 (If Br=O) 

OTIR 2 6 14 (If Br*O) 

2 4 12(If Br=O) 

OUTD 2 4 12 

OUTI 2 4 12 

OUT (m), A 2 4 10 

OUT (C), g 2 4 10 

OUTO (m), g 3 5 13 

POP IX 2 4 12 

POPIY 2 4 12 

POP zz 1 3 9 

PUSH IX 2 6 14 

PUSHIY 2 6 14 

PUSH zz 1 5 11 

RES b, (HL) 2 5 13 

RES b, (IX +d) 4 7 19 

RES b, (IY+d) 4 7 19 

RES b, g 2 3 7 

RET 1 3 9 

RET f 1 3 5 

(If condition is false) 

1 4 10 

(If condition is true) 

RET! 2 10 22 

RETN 2 4 12 

RLA 1 1 3 

RLCA 1 1 3 

RLC (HL) 2 5 13 

RLC (IX+d) 4 7 19 

RLC (IY+d) 4 7 19 

RLC g 2 3 7 

RLD 2 8 16 

RL (HL) 2 5 13 

(Continued) 
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MNEMONICS Bytes Machine Cycles States 

RL (IX+d) 4 7 19 
RL (Iy +d) 4 7 19 

RL g 2 3 7 

RRA 1 1 3 

RRCA 1 1 3 

RRC (HL) 2 5 13 

RRC (IX+d) 4 7 19 

RRC (IY+d) 4 7 19 

RRC g 2 3 7 

RRD 2 8 16 

RR (HL) 2 5 13 

RR (IX+d) 4 7 19 

RR (IY+d) 4 7 19 

RRg 2 3 7 

RST v 1 5 11 

SBC A, (HL) 1 2 6 

SBCA, (IX+d) 3 6 14 

SBC A, (IY +d) 3 6 14 

SBCA, m 2 2 6 

SBC A, g 1 2 4 

SBC HL, ww 2 6 10 

SCF 1 1 3 

SET b, (HL) 2 5 13 

SET b, (IX+d) 4 7 19 

SET b, (IY +d) 4 7 19 

SET b, g 2 3 7 

SLA (HL) 2 5 13 

SLA (IX+d) 4 7 19 

SLA (IY+d) 4 7 19 

SLAg 2 3 7 

SLP 2 2 8 

Sl{A (ilL) ~ ;, 1:1 

SRA (IX+d) 4 7 19 

SRA (IY+d) 4 7 19 

SRAg 2 3 7 

SRL (HL) 2 5 13 

SRL (IX+d) 4 7 19 

SRL (IY+d) 4 7 19 

SRL g 2 3 7 

SUB (HL) 1 2 6 

(Continued) 
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MNEMONICS Bytes Machine Cycles StiIte~ 

SUB (IX+d) 3 6 14 

SUB (IY+d) 3 6 14 

SUBm 2 2 6 

SUBg 1 2 4 

TSTIO m 3 4 12 

TST g 2 3 7 

TSTm 3 3 9 
TST (HL) 2 4 10 
XOR (HL) 1 2 6 

XOR (IX+d) 3 6 14 

XOR'IY+d) 3 6 14 

XORm 2 2 6 

XORg 1 2 4 
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::z: 

~ o 
::z: -tJ'I ..... 

""" 

C. Opcode Maps 

Table 1. Opcode Map (1) 

First opcode 

Instruction format: XX 

~ LO 
8 0000 0 
C 0001 1 
0 0010 2 

E 0011 3 
H 0100 4 

....... L 0101 5 ...J 
...J (HL) 0110 6 « 
II A 0111 7 

!. 8 1000 8 
C 1001 9 

(/) 
0 1010 A 

E 1011 8 
H 1100 C 
L 1101 0 

(HL) 1110 E 
A 1111 F 

ww(LO=ALL) 
8C DE HL SP 

g (LO=0-7) 
8 0 H (HL) 8 0 H (HL) 

0000 0001 0010 0011 0100 0101 0110 0111 
0 1 2 3 4 5 6 7 

NOP DJNZj JR NZ.j JRNO,j 
LO ww,mn .1 

LO (ww), A LD(rm) LD(rm) 
,HL ,A 

INC ww LO g,s 
INC g I 

'1 I 

DEC g I .1 
I 

=====:2=====~ LO g,m I .1 

RLCA RLA OAA SCF 
EXAF,AF' JR j JR Z. j JR O,j 

ADD HL,ww 
LO A, (ww) LD HL, LD A. 

(rm) (mn) 
DEC ww LO g,s 

INC g 
OECg ---------------
LO g,m 02 

---------------RRCA RRA CPL CCF 
0 1 2 3 4 5 6 7 
C E L A C E L A 

g(LO=8-F) 

LO=0-7 
8C DE HL AF 'ZZ 

NZ NC PO P f 
ooH 10H 20H 30H v 

1000 1001 1010 1011 1100 1101 1110 1111 
8 9 A 8 C 0 E F 

RET f 0 
POP 'ZZ 1 
JP f, mn 2 

JP mn rur(m) EX(SP) 01 3 
ADD A SUBs AND s OR S ,A ,HL 

,s CALL f; mn 4 
PUSH 'ZZ 5 ---- ---- ---- ---.2 .2 .2 02 ADD A,m SUB m AND m OR m 6 

RST v 7 
RET f 8 

RET EXX JP (HL) LD SP, 9 
HL 

JP f,mn A 
ADO A SBOA XOR s OP s Table 2\IN A, (m) EXDE,HL EI 8 

,s ,s CALL f,mn C 
CALL !Ill .3 !Table 31 .3 0 ---- ---- ---- ---

02 .2 '2 *2 ADO A,m $C A,m XOR m CP m E ---- ---- ---- ---
RST v F 

8 9 A 8 C' 0 E F 
Z C PE M f 

08H 18H 28H 38H v 
LO=8-F 



* 1 g is replaced by (HL). 

*2 s is replaced by (HL). 

*3 IfDD is added to the beginning of an opcode (DD XX), only the instructions having HL, (HL) as an operand are 

replaced with 

{~: ;+dJ 
to perform the same operation. 

(Example) 

22H; LD (mn), HL 
,J.. 

DDH 22H; LD (mn), IX 

If FD is added to the beginning of the opcode (FD XX), it is replaced by 

{ 
HL~IY } 

(HL) ~ (IY + d) 

to perform the same operation. 

(Example) 

34H; INC (HL) 
,J.. 

FDH 34H; INC (IY + d) 

As an exception, when DDH, FDH is added to the beginning of JP (HL) of E9H, (HL) is replaced by (IX), (IY). 

If DDH, FDH is added to the beginning of EX DE, HL of EBH, HL is not replaced. It becomes an undefined 

instruction. 
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Table 2. Opcode Map (2) 

:secona opcoae 

Instruction format: CB XX 

~ 0000 0001 
LO 0 1 

B 0000 0 
C 0001 1 
0 0010 2 
E 0011 3 
H 0100 4 ALC g RL g 

,..." 

0101 5 ...J L 
<i (HL) 

--- ----
0110 6 • • 

II -------
A 0111 7 

:E B 1000 8 '-' 

C 1001 9 
bD 0 1010 A 

E 1011 B 
H 1100 C RRCg RR g 
L 1101 0 

(HL) 1110 E • • --- ----
A 1111 F 

0 1 

J: 

~ 
() 
J: -
lI'I ..... 
-0 

b (LO=0-7) 
0 2 4 6 0 2 4 6 0 2 4 -6 

0010 0011 0100 0101 0110 0111 1000 1001 1010 1011 1100 1101 1110 1111 
2 3 4 5 6 7 8 9 A B C 0 E F 

0 
r---;---' 
~ 
~ 

SLA g BIT b,g RES b,g SET b,g ~ 
~ ---- ---------------- --------------------------------

I ~ I 
• . • . 

---- ---------------- --------------------------------
8 I 

1---0::--' 
9 
~ 
'--B 

SRA g SRLg BIT b,g RES b,g SET b,g r---o 
~ ---------------- --------------------------------'--E • • • • . 

---- ---- ---------------- --------------------------------r-r 
2 3 4 5 6 7 8 9 A B e 0 E F 

1 3 5 7 1 3 5 7 1 3 5 7 
b (LO=8-F) 

'" In the instruction to be executed, DDH can be added to the beginning of the opcode and (HL) is replaced by (IX + d) in 

opcode DD CB d XX. In the same way. FDH can be added to the beginning of the opcode. In the instruction to be 

executed. (HL) is replaced by (IY + d) in opcode FD CB d XX. 



til 
I'.) 
o 
:I 

~ 
() 
:I -

Table 3. Opcode Map (3) 

Second opcode 

Instruction fonnat: ED XX WW (LO=ALL) 
BO DE HL SP 

g (LO=0-7) 
B D H B D H 

~ 
0000 0001 0010 0011 0100 0101 0110 0111 

LO 0 1 2 3 4 5 6 7 
0000 0 INO g, (m) IN g, (0) 
0001 1 OUTO (m),g OUT (O),g 
0010 2 SBO HL,ww 
0011 3 LD (mn),ww 
0100 4 TST g TST (HL) NEG TST m TSTIOm 
0101 5 RETN 
0110 6 1M 0 1M 1 SLP 1 
0111 7 LDI,A LD A,I RRD 
1000 8 INO g, (m) IN g, (0) 
1001 9 OUTO (m),g OUT (O),g 
1010 A ADO HL,ww 
1011 B LD ww, (mn) 
1100 0 TST g MLT ww 
1101 ·D RETI 
1110 E 1M 2 
1111 F LO R,A LOA,R RLD 

0 1 2 3 4 5 6 7 
0 E L A 0 E L A 

g~LO=8-F) 

1000 11001 1010 1011 1100111011111011111 
819 A B OlD 1 ElF 

LDI LDIR 0 
OPt OPIR ----,-
INI INIR ~ 

OTIMIOTIMR OUTI OTIR -----a-
~ 
~ 
----e-
-y-

LDD LDDR -S 
OPD OPDR ----g 
IND INDR -,;:-

OTDMIOTDMR OUID OIDR --S 
e-
----0-
----E 
----;::-

819 A B OlD 1 ElF 



D. Bus Cycle States 

'*' in the ADDRESS column indicates that the address output is undefmed and 'Z' in the DATA 

column indicates that the data pin is in the high-impedance state. The LIR pin output value is 

obtained when the LIRE bit in the operation mode control register is 1. 

Machine 
Sinion - - - -

InnllUclkm Cycle ADDnross DATA no wn MF IDE un 1'lAn 

1st op-code 1st 
MC, T,T.T3 

ADD HL.ww 
Address op-code 0 1 0 1 0 1 

MC. 

-MC" TiTiTiTi * Z 1 1 1 1 1 1 

1st op-code lst 
MC, T,T.T3 Address op-code 0 1 0 1 0 1 

ADD lX.xx 2nd op-code 2nd 

ADD rf.yv MC. T,T.T3 Address op-code 0 1 0 1 0 1 

MC3 
-MC. TiTiTiTi * Z 1 1 1 1 1 1 

1st op-code 1st 

MC, T,T.T3 Address op-code 0 1 0 1 0 1 

ADC HL.ww 2nd op-code 2nd 
SBC HL.ww MC. T,T.T3 Address op-code 0 1 0 1 0 1 

MC3 
-MC. TiTiTiTi * Z 1 1 1 1 1 1 

ADD A.g 
ADC A.g 1st op-code 1st 

SUB 9 MC, T,T.T3 Address op-code 0 1 0 1 0 1 
SBC A.g 
ANDg 

OR 9 
XORg MC. Ti * Z 1 1 1 1 1 1 

CP 9 

ADD Am 
ADC A.m 1st op-code 1st 

SUB m MC, T,T.T3 Address op-code 0 1 0 1 0 1 

SBC Am 
ANDm 
ORm 1st operand 
XORm MC. T,T.T3 Address m 0 1 0 1 1 1 

CPm 

ADD A. (HU 

ADC A (HU', 1st op-code 1st 

SUB (HU MC, T,T.T3 Address op-code 0 1 0 1 0 1 

SBC A (HU 
AND(HU 
OR(HU 
XOR(HU MC. T,T.T3 HL DATA 0 1 0 1 1 1 

CP (HU 

ADD A (IX+ d) 1st op-code 1st 

ADD A. OY+d) MC, T,T.T3 Address op-code 0 1 0 1 0 1 

ADC A. (lX+d) 
ADC A (rf + dl 
SUB (lX+d) 2nd op-code 2nd 

SUB OY+d) MC. T,T.T3 Address op-code 0 1 0 1 0 1 

SBC A. OX+d) 

ST 

0 

1 

0 

1 

1 

0 

1 

1 

0 

1 

0 

1 

0 

1 

0 

' 1 

(Continued) 

HITACHI 521 



Machine - -
IOE lIR HALT Instruction Cycle 

States ADDRESS DATA RD WR ME ST 

SBC A. (IY+d) 1st operand 

AND (IX+d) MC. T,T,T. Address d 0 1 0 1 1 1 1 

AND (lY+d) 

OR (lX+d) MC. 

OR (lY+d) -MC. TiTi * Z 1 1 1 1 1 1 1 

XOR (IX+d) 

XOR (IY+d) 

CP (IX+d) lX+d 

CP (lY+d) MC. T,T,T. IY+d DATA 0 1 0 1 1 1 1 

1st op-code 1st 

MC, T,T,T. Address op-code 0 1 0 1 0 1 0 
BIT b,g 

2nd op-code 2nd 

MC, T,T,T. Address op-code 0 1 0 1 0 1 1 

1st op-code 1st 

MC, T,T,T. Address op-code 0 1 0 1 0 1 0 

2nd op-code 2nd 
BIT b, (Hl) 

MC, T,T,T. Address op-code 0 1 0 1 0 1 1 

MC. T,T,T. Hl DATA 0 1 0 1 1 1 1 

1st op-code lsi 

MC, T,T2T. Address op-code 0 1 0 1 0 1 0 

2nd op-code 2nd 

MC, T,T,T. Address op-code 0 1 0 1 0 1 1 

BIT b, (lX+d) lsi operand 

BIT b, (IY+d) MC. T,T,T. Address d 0 1 0 1 1 1 1 

3rd op-code 3rd 

MC. T,T,T. Address op-code 0 1 0 1 0 1 1 

IX+d 

MC. T,T,T. IY+d DATA 0 1 0 1 1 1 1 

1st op-code 1st 

MC, T,T,T. Address op-code 0 1 0 1 0 1 0 

1st operand 
MC, T,T,T. Address n 0 1 0 1 1 1 1 

2nd operand 

MC. T,T,T. Address m 0 1 0 1 1 1 1 
CAll mn 

MC. Ti * Z 1 1 1 1 1 1 1 

MC. T,T,T. SP-l PCH 1 0 0 1 1 1 1 

MC. T,T,T. SP-2 PCl 1 0 0 1 1 1 1 

lsi op-code lsi 
CALL f,mn MC, T,T,T. Address op-code 0 1 0 1 0 1 0 
(If condition 

is false) 1st operand 

MC, T,T,T. Address n 0 1 0 1 1 1 1 

(Continued) 
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Machine 
States - - - . IOE -Instruction Cycle ADDRESS DATA RD WR ME llR HALT ST 

1st op-code 1st 
MC. T.T.T. Address op-code 0 1 0 1 0 1 0 

1st operand 
MC. T.T.T. Address n 0 1 0 1 1 1 1 

2nd operand 
CALL t,mn MC. T.T.T. Address m 0 1 0 1 1 1 1 
(If condition 
is true) MC. Ti * Z 1 1 1 1 1 1 1 

MC. T.T.T. SP-l PCH 1 0 0 1 1 1 1 

MC. T.T,T. SP-2 PCl 1 0 0 1 1 1 1 

1st op-code 1st 
CCF MC. T.T,T. Address op-code 0 1 0 1 0 1 0 

1st op-code 1st 
MC. T.T.T. Address op-code 0 1 0 1 0 1 0 

2nd op-code 2nd 

CPI MC. T.T.T. Address op-code 0 1 0 1 0 1 1 

CPO MC. T.T.T. Hl DATA 0 1 0 1 1 1 1 

MC. 
-MC. TiTiTi * Z 1 1 1 1 1 1 1 

1st op-code 1st 
MC. T.T.T. Address op-code 0 1 0 1 0 1 0 

CPIR 2nd op-code 2nd 

CPDR MC. T.T.T. Address op-code 0 1 0 1 0 1 1 

(If BC.;eO and 

Ar;e(HU") MC. T.T.T. Hl DATA 0 1 0 1 1 1 1 

MC. 
-MC. TiTiTiTiTi * Z 1 1 1 1 1 1 1 

1st op-code 1 st 
MC. T,T.T. Address op-code 0 1 0 1 0 1 0 

CPIR 2nd op-code 2nd 

CPDR MC. T,T.T. Address op-code 0 1 0 1 0 1 1 

(It BC.=O or 
Ar=(HU.,) MC. T.T.T. Hl DATA 0 1 0 1 1 1 1 

MC. 
-MC. TiTiTi * Z 1 1 1 1 1 1 1 

CPl 
1st op-code 1st 

MC. T.T.T. Address op-code 0 1 0 1 0 1 0 

1st op-code 1st 
MC. T.T.T. Address op-code 0 1 0 1 0 1 0 

OM 

MC. Ti * Z 1 1 1 1 1 1 1 

01*1 
1st op-code 1st 

MC. T.T.T. Address op-code 0 1 0 1 0 1 0 

*1 No Interrupts are sampled at the end of a 01 instruction. (Continued) 
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Machine 
States ADDRESS RD WR ME iiE UR HALT Instruction Cyc;le 

DATA ST 

1st op-code 1st 
MC, T,T.T. Address op-code 0 I 0 I 0 I 0 

DJNZj MC. n .2 * Z I I I I I I I 

Of 8'*01 1st operand 
MC. T,T.T. Address j-2 0 I 0 I I I I 

MC. 
-MC. TiTi * Z I I I I I 1 I 

1st op-code 1st 
MC, T,T.T. Address op-code 0 I 0 I 0 I 0 

DJNZj 
(118,=0) MC. n .2 * Z I 1 I I 1 I 1 

1st operand 
MC. T,T.T. Address j-2 0 I 0 I I I I 

EI·' 
1st op-code 1st 

MC, T,T.T. Address op-code 0 1 0 I 0 1 0 

EX DE, HL 1st op-code 1st 

EXX MC, T,T'1:. Address op-code 0 1 0 I 0 I 0 

1st op-code 1st 
MC, T,T.T. Address op-code 0 I 0 1 0 I O· 

EX AF. AF' 

MC. n * Z 1 I I I I 1 I 

1st op-code 1st 
MC, T,T.T. Address op-code 0 I 0 I 0 I 0 

MC. T,T.T. SP DATA 0 I 0 I I I 1 

MC. T,T.T. SP+l DATA 0 I 0 I I I I 
EX (SP). HL 

MC. n * Z I I ·1 I I I I 

MC. T,T.T. SP+l H I 0 0 1 I I 1 

MC. T,T2T. SP L I 0 0 1 I I I 

1st op-code 1st 
MC, T,T.T. Address op-code 0 1 0 I 0 1 0 

2nd op-code 2nd 
MC. T,T.T. Address op-code 0 1 0 I 0 1 I 

EX (SP).IX 
EX (SP).IY MC. T,T.T. SP DATA 0 1 0 I 1 1 I 

MC. T,T.T. SP+l DATA 0 1 0 I I 1 I 

MC. n * Z 1 1 1 1 1 1 1 

(Continued) 

*2 DMA, refresh, and bus release cannot be executed immediately after this state (their requests are ignored). 

*3 No interrupts are sampled at the end of an EI instruction. 
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instruCtion 
Machine 

Cycle 
States ADDRESS DATA RD WR ME iCE UR 'H'ArF ST 

IXH 

EX (SP),IX MC. T,T,T. SP+l IYH 1 0 0 1 1 1 1 

EX (SP),IV IXL 

MCT T,T,T. SP IYL 1 0 0 1 1 1 1 

1st op-code 1st 
MC, T,T,T. Address op-code 0 1 0 1 0 1 0 

HALT 
Next op-code Next - ---
Address op-code 0 1 0 1 0 I) 0 

1st op-code 1st 
IMO MC, T,T,T. Address op-code 0 1 0 1 0 1 0 
1M 1. 
1M2 2nd op-code 2nd 

MC, T,T,T. Address op-code 0 1 0 1 0 1 1 

1st op-code 1st 

INCg MC, T,T,T. Address op-code 0 1 0 1 0 1 0 

DEC 9 

MC, Ti * Z 1 1 1 1 1 1 1 

1st op-code 1st 
MC, T,T.T. Address op-code 0 1 0 1 0 1 0 

INC (HU MC. T,T.T. HL DATA 0 1 0 1 1 1 1 

DEC (HU 

MC. Ti * Z 1 1 1 1 1 1 1 

MC. T,T.T. HL DATA 1 0 0 1 1 1 1 

1st op-code 1st 
MC, T,T.T. Address op-code 0 1 0 1 0 1 0 

2nd op-code 2nd 

MC. T,T.T. Address op-code 0 1 0 1 0 1 1 

1st operand 

INC (lX+d) MC. T,T.T. Address d 0 1 0 1 1 1 1 

INC oY+d) 

MC. 
DEC (IX+d) -MC. TiTi * Z 1 1 1 1 1 1 1 
DEC (lV+d) 

lX+d 
MC. T,T,T. IY+d DATA 0 1 0 1 1 1 1 

MCT Ti * Z 1 1 1 1 1 1 1 

lX+d 
MC. T,T.T. lV+d DATA 1 0 0 1 1 1 1 

1st op-code 1st 

INCww MC, T,T.T. Address op-code 0 1 0 1 0 1 0 

DECww 

MC. Ti * Z 1 1 1 1 1 1 1 

1st op-code 1st 

INC IX MC, T,T.T. Address op-dode 0 1 0 1 0 1 0 

INC IV 2nd op-code 2nd 
DEC IX MC. T,T.T. Address op-code 0 1 0 1 0 1 1 
DEC IV 

MC. n * z 1 1 1 1 1 1 1 

(Continued) 

HITACHI 525 



Machine - - -
Instruction Cycle 

States ADDRESS DATA RD WR ME IOE· UR HALT ST 

1st op-code 1st 
Me, T,T_To Address op-coda 0 1 0 1 0 1 0 

IN A.(m) 
1st operand 

Me_ T,T_To Address m 0 1 0 1 1 1 1 

mtoAo-A7 

Meo T,T_T3 A to A.-A,. DATA 0 1 1 0 1 1 1 

1st op-code 1st 
Me, T,T_To Address op-code 0 1 0 1 0 1 0 

IN g,(e) 
2nd op-code 2nd 

Me_ T,T_To Address op-coda 0 1 0 1 0 1 1 

Me. T,T_To Be DATA 0 1 1 0 1 1 1 

1st op-cocla 1st 
Me, T,T_T. Address op-c:ode 0 1 0 1 0 1 0 

2nd op-code 2nd 
Me_ T,T_To Address op-code 0 1 0 1 0 1 1 

INO g,(m) 
1st operand 

Meo T,T_To Address m 0 1 0 1 1 1 1 

mto Ao-A7 
Me. T,T_T. OOH to A.-A,. DATA 0 1 1 0 1 1 1 

1st op-coda 1st 
Me, T,T_T3 Address op-code 0 1 0 1 0 1 0 

2nd op-coda 2nd 

INI Me. T,T.T. Address op-code 0 1 0 1 0 1 1 

IND 

Me. T,T.T. Be DATA 0 1 1 0 1 1 1 

Me. T,T.T. HL DATA 1 0 0 1 1 1 1 

1st op-coda 1st 
Me, T,T.T. Address op-c:ode 0 1 0 1 0 1 0 

2nd op-coda 2nd 
Me. T,T_T3 

INIR 
Address op-code 0 1 0 1 0 1 1 

INDR 
(IfB,*O) Me. T,T.T. Be DATA 0 1 1 0 1 1 1 

Me. T,T.T3 HL DATA 1 0 0 1 1 1 1 

Me. 
-Me. TiTi * Z 1 1 1 1 1 1 1 

1 st op-c:ode 1st 
. Me, T,T.T. Address op-c:ode 0 1 0 1 0 1 0 

2nd op-c:ode 2nd 
INfI Me. T,T.T. Address op-coda 0 1 0 1 0 1 1 
INOR 
IIfBr=O) 

Me. T,T.T. Be DATA 0 1 1 0 1 1 1 

Me. T,T.T. HL DATA 1 0 0 1 1 1 1 

(Continued) 
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Machine 
States - - - - - --

Instiuction Cvcle ADDRESS DATA RD WR ME' IOE LlR HALT ST 

1st op-code 1st 
MC, T,T.T. Address op-code 0 1 0 1 0 1 0 

JPmn 
1st operend 

MC. T,T.T. Address n 0 1 0 1 1 1 1 

2nd operand 

MC. T,T.T. Address m 0 1 0 1 1 1 1 

1st op-code 1st 

JP f,mn MC, T,T.T. Address op-code 0 1 0 1 0 1 0 

(If f is false) 1st operand 
MC. T,T.T. Address n 0 1 0 1 1 1 1 

1st op-code 1st 
MC, T,T.T. Address op-code 0 1 0 1 0 1 0 

JP I,mn 1st operand 
(If f is true) MC. T,T.T. Address n 0 1 0 1 1 1 1 

2nd operand 
MC. T,T.T. Address m 0 1 0 1 1 1 1 

JP(HU 
1st op-code 1st 

MC, T,T.T. Address op-code 0 1 0 1 0 1 0 

1st op-code 1st 

JP (IX) MC, T,T.T. Address op-code 0 1 0 1 0 1 0 

JP (IV) 2nd op-code 2nd 
MC. T,T.T. Address op-code 0 1 0 1 0 1 1 

1st op-code 1st 
MC, T,T.T. Address op-code 0 1 0 1 0 1 0 

JRj 
1st operand 

MC. T,T.T. Address j-2 0 1 0 1 1 1 1 

MC. 
-MC. TiTi * Z 1 1 1 1 1 1 1 

JR C,j JR NC,j 1st op-code 1st 

JR Zj JR NZj MC, T,T.T. Address op-code 0 1 0 1 0 1 0 

(If condition 1st operand 
is false) MC. T,T.T. Address j-2 0 1 0 1 1 1 1 

1st op-code 1st 

JR C,j JR NC,j MC, T,T.T. Address op-code 0 1 0 1 0 1 0 

JR Zj JR NZ,j 1st operand 
(If condition MC. T,T.T. Address j-2 0 1 0 1 1 1 1 
is true) Me. 

-Me. TiTi * Z 1 1 1 1 1 1 1 

1st op-code 1st 
MC, T,T.T. 

LD g,g' 
Address op-code 0 1 0 1 0 1 0 

MC, Ti * Z 1 1 1 1 1 1 1 

1st op-code 1st 
MC, T,T.T. Address op-code 0 1 0 1 0 1 0 

LDg,m 
1 st operand" 

Me. T,T.T. Address m 0 1 0 1 1 1 1 

(Continued) 
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Machine 
States Ro Wii ME mE DR HALT Instruction Cvcle 

ADDRESS DATA ST 

1st op-code 1st 
MC, T,T,To 

LD g. (HU 
Address op-cocle 0 1 0 1 0 1 0 

MC, T,T,To HL DATA 0 1 0 1 1 1 1 

1st op-code 1st 
MC, T,T,To Address op-code 0 1 0 1 0 1 0 

2nd op-code 2nd 
MC, T,T,To Address op-code 0 1 0 1 0 1 1 

LD g. (JX+d) 1st operand 
LD g. OY+d) MCo T,T,To Address d 0 1 0 1 1 1 1 

MC. 
-MC. TiTi * Z 1 1 1 1 1 1 1 

IX+d 
MC. T,T,To IY+d DATA 0 1 0 1 1 1 1 

1st op-code 1st 
MC, T,T,To Address op-cocle 0 1 0 1 0 1 0 

LD (HU.g 
MC, Ti * Z 1 1 1 1 1 1 1 

MCo T,T,To HL 9 1 0 0 1 1 1 1 

1st op-code 1st 
MC, T,T,To Address op-code 0 1 0 1 0 1 0 

2nd op-code 2nd 
MC, T,T,To Address op-code 0 1 0 1 0 1 1 

LD (lX+d).g 1st operand 
LD OY+d).g MCo T,T,To Address d 0 1 0 1 1 1 1 

MC. 
-MC. TiTiTi * Z 1 1 1 1 1 1 1 

IX+d 
MC, T,T,To IY+d 9 1 0 0 1 1 1 1 

1st op-code 1st 
MC, T,T,To Address op-code 0 1 0 1 0 1 0 

LD (HU.m 
1st operand 

MC, T,T,To Address m 0 1 0 1 1 1 1 

MC. T,T,T. HL DATA 1 0 0 1 1 1 1 

1st op-code 1st 
MC, T,T,To Address op-code 0 1 0 1 0 1 0 

2nd op-code 2nd 
MC, T,T,To Address op-code 0 1 0 1 0 1 1 

LD (lX+dl.m 1st operand 
LD OY+d).m MCo T,T,To Address d 0 1 0 1 1 1 1 

2nd operand 
MC. T,T,To Address m 0 1 0 1 1 1 1 

lX+d 
MC. T,T,To lY+d DATA 1 0 0 1 1 1 1 

LD A. (BC) 1st op-code 1st 
LOA. (DE) MC, T,T,To Address op-code 0 1 0 1 0 1 0 

(Continued) 
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Machine 
States Instruction Cycle ADDRESS DATA RD WR ME IOE TIR HALT ST 

LD A, (BC) BC 

lD A. (DE) MC, T1T,T. DE DATA 0 1 0 1 1 1 1 

1st op-code 1st 
MC, T,T,T. Address op-code 0 1 0 1 0 1 0 

1st operand 
MC, T,T,T. Address n 0 1 0 1 1 1 1 

LD A,(mn) 
2nd operand 

MC. T,T,T. Address m 0 1 0 1 1 1 1 

MC. T,T,T. mn DATA 0 1 0 1 1 1 1 

1st op-code 1st 
MC, T,T,T. Address op-code 0 1 0 1 0 1 0 

LD (BC)A 
1.0 (DE)A MC, Ti * Z 1 1 1 1 1 1 1 

BC 

MC. T,T,T. DE A 1 0 0 1 1 1 1 

1st op-code 1st 

MC, T,T,T. Address op-code 0 1 0 1 0 1 0 

1st operand 

MC, T,T,T. Address n 0 1 0 1 1 1 1 

LD (mn)A 
2nd operand 

MC. T,T,T. Address m 0 1 0 1 1 1 1 

MC. Ti * Z 1 1 1 1 1 1 1 

MC. T,T,T. mn A 1 0 0 1 1 1 1 

LD A,I *. 1st op-code 1st 

LD A,R *. MC, T,T,T3 Address op-code 0 1 0 1 0 1 0 

LD I,A 2nd op-code 2nd 
LD RA MC, T,T,T3 Address op-code 0 1 0 1 0 1 1 

1st op-code 1st 
MC, T1T2T3 Address op-code 0 1 0 1 0 1 0 

LD ww, mn 
1st operand 

MC, T,T,T3 Address n 0 1 0 1 1 1 1 

2nd operand 

MC3 T,T,T3 Address m 0 1 0 1 1 1 1 

1st op-code 1st 

MC, T,T,T. Addres. op-code 0 1 0 1 0 1 0 

2nd op-code 2nd 

LD IX,mn MC, T,T,T3 Address op-code 0 1 0 1 0 1 1 

LD IY,mn 1st operand 
MC3 T1T2T3 Address n 0 1 0 1 1 1 1 

2nd operand 

MC. T,T,T3 Address m 0 1 0 1 1 1 1 

1st op-code 1st 
Me, T,T,T3 Address op-code 0 1 0 1 0 1 0 

LD HL, (mn) 
1st operand 

MC, T,T,T3 Address n 0 1 0 1 1 1 1 

*4 No interrupts are sampled at the end of a LD A, I or LD A, R instruction. (Continued) 
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Machine 
Sinios Instruclkm Cvcle ADDRESS DATA m5 wn W 1M TIIf RAI:T ST 

2nd operand 
MC. T,T.T. Address m 0 1 0 1 1 1 1 

LD Hl., (mn) 
Me. T,T.T. DATA 0 1 0 1 1 1 1 mn 

Me. T,T.T. mn+l DATA 0 1 0 1 1 1 1 

1st op-code 1st 
Me, T,T.T. Address op-code 0 1 0 1 0 1 0 

2nd op-code 2nd 
Me. T,T.T. Address op-code 0 1 0 1 0 1 1 

1st operand 
Me. T,T.T. Address n 0 1 0 1 1 1 1 

LD ww,lmn) 
2nd operand 

Me. T,T.T. Address m 0 1 0 1 1 1 1 

Me. T,T.T. mn DATA 0 1 0 1 1 1 1 

Me. T,T.T. mn+l DATA 0 1 0 1 1 1 1 

1st op-code 1st 
Me, T,T.T. Address op-code 0 1 0 1 0 1 0 

2nd op-c~ 2nd 
Me. T,T.T. Address op-code 0 1 0 1 0 1 1 

1st operand 

LD IX,lmn) Me. T,T.T. Address n 0 1 0 1 1 1 1 

LD 1V,lmn) 2nd operand 
Me. T,T.T. Address m 0 1 0 1 1 1 1 

Me. T,T.T. mn DATA 0 1 0 1 1 1 1 

Me. T,T.T. mn+l DATA 0 1 0 1 1 1 1 

1st op-code ,1st 
Me, T,T.T. Address op-code 0 1 0 1 0 1 0 

1st operand 
Me. T,T.T. Address n 0 1 0 1 1 1 1 

2nd operand 
Me. T,T.T. Address m 0 

LD Imn),HL 
1 0 1 1 1 1 

Me. Ti * Z 1 1 1 1 1 1 1 

Me. T,T.T. mn L 1 0 0 1 1 1 1 

Me. T,T.T. mn+l H 1 0 0 1 1 1 1 

(Continued) 
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Machine 
States Instruction Cycle ADDRESS DATA RD WR ME IOE 'DR HALT ST 

1st op-code 1st 
MC, T,T.T. Address op-code 0 I 0 I 0 I 0 

2nd op-code 2nd 
Me, T,T.T. Address op-code 0 I 0 I 0 I I 

1st operend 
Me. T,T.T. Address n 0 I 0 1 1 I 1 

LD (mn),ww 
2nd operand 

MC. T,T.T. Address m 0 I 0 1 1 1 1 

MC. Ti * Z 1 1 1 1 1 1 1 

MC. T,T.T. mn wwL 1 0 0 1 1 1 1 

Me, T,T.T. mn+l wwH 1 0 0 1 1 1 1 

1st op-code 1st 
Me, T,T,To Address op-code 0 1 0 1 0 1 0 

2nd op-code 2nd 

MC. T,T.To Address op-code 0 1 0 1 0 1 1 

1st operand 
Meo T,T.T. Address n 0 1 0 1 1 I 1 

LD (mnl.lX 2nd operand 
LD (mnl.IY MC. T,T.To Address m 0 1 0 1 1 1 1 

MC. Ti * Z I I 1 1 1 1 1 

IXL 

Me. T,T.To mn IYL 1 0 0 1 1 1 I 

IXH 
MC, T,T.To mn+l IYH 1 0 0 1 1 1 1 

1st op-code 1st 
MC, T,T.To 

LD SP, HL 
Address op-code 0 1 0 1 0 1 0 

Me. Ti * Z 1 1 1 1 1 1 1 

1st op-code 1st 
MC, T,T.T. Address op-code 0 1 0 1 0 1 0 

LD SP,IX 2nd op-code 2nd 
LD SP,IY Me. T,T.To Address op-code 0 1 0 1 0 1 I 

Meo Ti * Z 1 1 I 1 I 1 1 

1st op-code 1st 
MC, T,T.To Address op-code 0 1 0 1 0 1 0 

2nd op-code 2nd 

LDI MC. T,T.To Address op-code 0 1 0 I 0 I 1 

LDD 

Meo T,T.To HL DATA 0 1 0 1 1 1 1 

MC. T,T.To DE DATA 1 0 0 I 1 1 1 

(Continued) 
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Machine 
States RD ME IDE HALT Instruction Cycle ADDRESS DATA WR LlR ST 

1st op-code 1st 
MC, T,T,T3 Address op-code 0 1 0 1 0 1 0 

2nd op-code 2nd 
MC, T,T2T:1 Address op-code 0 1 0 1 0 1 1 

LDIR 
LDDR 

MC3 T,T,T3 HL DATA 0 1 0 1 1 1 1 m BCR,*O) 

MC. T,T,T3 DE DATA 1 0 0 1 1 1 1 

MC. 
-MC. TiTi * Z 1 1 1 1 1 1 1 

1st op-code 1st 

MC, T,T,T3 Address op-code 0 1 0 1 0 1 0 

2nd op-code 2nd 
LDIR MC, T,T,T3 Address op-code 0 1 0 1 0 1 1 
LDDR 

(W BCR=O) 
MC3 T1T2Ta HL DATA 0 1 0 1 1 1 1 

MC. T,T,T3 DE DATA 1 0 0 1 1 1 1 

1st op-code 1st 
MC, T,T,T3 Address op-code 0 1 0 1 0 1 0 

2nd op-code 2nd 

MLTww MC, T,T,T3 Address op-code 0 1 0 1 0 1 1 

TiTiTiTi 

MC3 TiTiTiTi * Z 1 1 1 1 1 1 1 

-MC" TiTiTi , 

1st op-code 1st 
MC, T,T,T3 Address op-code 0 1 0 1 0 1 0 

NEG 
2nd op-code 2nd 

MC, T,T,T3 Address op-code 0 1 0 1 0 1 1 

NOP 
1st op-code 1st 

MC, T,T,T3 Address op-code 0 1 0 1 0 1 0 

1st op-code 1st 
MC, T,T,T3 Address op-code 0 1 0 1 0 1 0 

1st operand 
MC, T,T,T3 Address m 0 1 0 1 1 1 1 

OUT (m).A 

MC3 Ti * Z 1 1 1 1 1 1 1 

m to Ao-A, 

MC. T,T,T3 A to A.-A,. A 1 0 1 0 1 1 1 

(Continued) 
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Instruction 
Machine 

States ADDRESS DATA iID WR ME IOE UR HALT ST 
Cycle 

1st op-code 1st 
MC, T,T.T. Address op-code 0 1 0 1 0 1 0 

2nd op-code 2nd 
MC. T,T.T. Address op-code 0 1 0 1 0 1 1 

OUT (Cl.g 

MC. Ti * Z , , , , , , 1 

MC. T,T.T. BC g 1 0 1 0 1 1 1 

1st op-code 1st 
Me, T,T.T. Address op-code 0 1 0 1 0 1 0 

2nd op-code 2nd 
MC. T,T.T. Address op-code 0 1 0 1 0 1 1 

OUTO (ml.g 
1st operand 

MC. T,T.T. Address m 0 1 0 1 1 1 1 

MC. Ti * Z 1 1 1 1 1 1 1 

mtoAo-A, 

MC. T,T.T. OOH to A.-A .. 9 1 0 1 0 1 1 1 

1st op-code lst 
MC, T,T.T. Address op-code 0 1 0 1 0 1 0 

2nd op-code 2nd 
MC. T,T.T. Address op-code 0 1 0 1 0 1 1 

OTIM MC. Ti * Z 1 1 1 1 1 1 1 

OTDM 

MC. T,T.T3 HL DATA 0 1 0 1 1 1 1 

CtoAo-A, 
MC. T,T.T. OOH to A.-A" DATA 1 0 1 0 1 1 1 

Me. Ti * Z 1 1 1 1 1 1 1 

1st op-code 1st 
MC, T,T.T. Address op-code 0 1 0 1 0 1 0 

2nd op-code 2nd 
Me. T,T.T. Address op-code 0 1 0 1 0 1 1 

OTIMR Me. Ti * Z 1 1 1 1 1 1 1 
OTDMR 
Of Br*OI 

MC. T,T.T. HL DATA 0 1 0 1 1 1 1 

C to Ao-A7 

MC. T,T.T3 OOH to All-A" DATA 1 0 1 0 1 1 1 

MC. 
-MC. TiTITI * Z 1 1 1 1 1 1 1 

(Continued) 
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Instruction 
Machine 

States RD WR ME IOE LlR HALT Cycle 
ADDRESS DATA ST 

1st op-code 1st 
MC, T,T,T3 Address op-code 0 1 0 1 0 1 0 

2nd op-code 2nd 
MC, T,T,T3 Address op-code 0 1 0 1 0 1 1 

OTIMR MC3 Ti * Z 1 1 1 1 1 1 1 
OTDMR 
(If Br=O) 

MC. T,T,T3 HL DATA 0 1 0 1 1 1 1 

C to Ao-A, 
MC, T,T,T3 OOH to A.-A" DATA 1 0 1 0 1 1 1 

MC. Ti * Z 1 1 1 1 1 1 1 

1st op-code 1 st 
MC, T,T,T3 Address op-code 0 1 0 1 0 1 0 

2nd op-code 2nd 

OUTI MC, T,T,T3 Address op-code 0 1 0 1 0 1 1 

OUTO 

MC3 T,T,T3 HL DATA 0 1 0 1 1 1 1 

MC. T,T,T3 BC DATA 1 0 1 0 1 1 1 

1st op-code 1st 
MC, T,T,T3 Address op-code 0 1 0 1 0 1 0 

2nd op-code 2nd 
MC, T,T,T3 Address op-code 0 1 0 1 0 1 1 

OTIR 
OTDR 
(If 6r*0) 

MC3 T,T,T3 HL DATA 0 1 0 1 1 1 1 

MC. T,T,T3 BC DATA 1 0 1 0 1 1 1 

MC, 

-MC. TiTi * Z 1 1 1 1 1 1 1 

1st op-code 1st 
MC, T,T,T3 Address op-code 0 1 0 1 0 1 0 

2nd op-code 2nd 
OTIR MC, T,T,T3 
OTDR 

Address op-code 0 1 0 1 0 1 1 

(If Br=O) 
MC3 T,T,T3 HL DATA 0 1 0 1 1 1 1 

MC. T,T,T3 BC DATA 1 0 1 0 1 1 1 

1st op-code 1st 
MC, T,T,T3 Address op-code 0 1 0 1 0 1 0 

POP zz 

MC, T,T,T. SP DATA 0 1 0 1 1 1 1 

MC. T,T,T. SP+1 DATA 0 1 0 1 1 1 1 

POP IX 1st op-code 1st 
POP IY MC, T,T,T3 Address op-code 0 1 0 1 0 1 0 

(Continued) 
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Machine 
States Instruction Cycle ADDRESS DATA AD WR ME IOE LlR HALT ST 

2nd op-code 2nd 
MC, T,T,T3 Address op-code 0 1 0 1 0 1 1 

POP IX 
POP IY MC3 T,T,T3 SP DATA 0 1 0 1 1 1 1 

MC. T1T2T3 SP+l DATA 0 1 0 1 1 1 1 

1st op-code 1st 
MC, T,T,T3 Address op-code 0 1 0 1 0 1 0 

MC, 
-MC3 TiTi * Z 1 1 1 1 1 1 1 

PUSH zz 

MC. T,T,T3 SP-l zzH 1 0 0 1 1 1 1 

MC. T,T,T3 SP-2 zzL 1 0 0 1 1 1 1 

1st op-code 1st 
MC, T,T,T3 Address op-code 0 1 0 1 0 1 0 

2nd op-code 2nd 
MC, T,T,T3 Address op-code 0 1 0 1 0 1 1 

PUSH IX MC3 
PUSH IY -MC. TiTi * Z 1 1 1 1 1 1 1 

IXH 

MC. T,T,T3 SP-l IYH 1 0 0 1 1 1 1 

IXL 

MC. T,T,T3 SP-2 IYL 1 0 0 1 1 1 1 

1st op-code 1st 

MC, T,T,T3 Address op-code 0 1 0 1 0 1 0 
RET 

MC, T,T,T3 SP DATA 0 1 0 1 1 1 1 

MC3 T,T,T3 SP+l DATA 0 1 0 1 1 1 1 

1st op-code 1st 
RET f MC, T,T,T3 
(If condition 

Address op-code 0 1 0 1 0 1 0 

is false) MC, 
-MC3 TiTi * Z 1 1 1 1 1 1 1 

1st op-code 1st 
MC, T,T,T3 Address op-code 0 1 0 1 0 1 0 

RET f MC, Ti * Z 1 1 1 1 1 1 1 
(If cond~ion 

is true) 
MC3 T,T,T3 SP DATA 0 1 0 1 1 1 1 

MC. T,T,T3 SP+l DATA 0 1 0 1 1 1 1 

1st op-code 1st 
MC, T,T,T3 Address op-code 0 1. 0 1 0 1 0 

2nd op-code 2nd 

RETN MC, T,T,T3 Address "op-code 0 1 0 1 0 1 1 

MC3 T1T2T3 SP DATA 0 1 0 1 1 1 1 

MC, T,T,T3 SP+ 1 DATA 0 1 0 1 1 1 1 

(Continued) 

HITACHI 535 



Instruction 
Machine 

Cycle 
States ADDRESS DATA Ro WR ME iCE TIR HAr.'f ST 

1st op-code 1st 0.5 

MC. TiT.T. Address op-code 0 1 0 1 1 1 0 

2nd op-code 2nd 0.5 

MC. T.T.T. Address op-code 0 1 0 1 1 1 1 

MC. 1 •• 

-MC. TiTiTi * Z 1 1 1 1 1 1 1 

1st op-code 1st 0·· 
MC. T.T.T. 

RETI 
Address op-code 0 1 0 1 0 1 1 

1 .5 

MC, Ti * Z 1 1 1 1 1 1 1 

2nd op-code 2nd 0·· 
MC. T.T.T. Address op-code 0 1 0 1 0 1 1 

1 •• 

MC. T,T.T. SP data 0 1 0 1 1 1 1 

1 .5 

MC.o T.T.T, SP+l data 0 1 0 1 1 1 1 

RlCA 
RLA 1st op-code 1st 
RRCA MC. T.T.T, Address op-code 0 1 0 1 0 1 0 
RRA 

RLC 9 lst op-code 1st 
Rlg MC. T.T.T, Address op-code 0 1 0 1 0 1 0 
RRC 9 

2nd op-code 2nd 
RRg 

MC. T.T.T, Address op-code 0 1 0 1 0 1 1 
SLA 9 
SRAg 

SRL 9 MC, Ti * Z 1 1 1 1 1 1 1 

1st op-code 1st 
MC. T.T.T, Address op-code 0 1 0 1 0 1 0 

RLC (HU 2nd op-code 2nd 
Rl (HU MC. T.T.T, Address op-code 0 1 0 1 0 1 1 
RRC (HU 
RR(HU 

MC. T.T.T, Hl DATA 0 
SLA (HU 

1 0 1 1 1 1 

SRA (HU 

SRl (HU MC. Ti * Z 1 1 1 1 1 1 1 

MC. T.T.T, HL DATA 1 0 0 1 1 1 1 

(Continued) 

'" 5 The upper colum n indicates the LlR pin value when the LIRE. b~ in the operation mode control register is 1, and 

the lower column indicates that when the same bit is O. 
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Instruction 
Machine 

States ADDRESS DATA 
Cycle 

AD Wii ME iCe LiR HALT ST 

1st op-code 1st 
RLC (lX+d) MC, T,T,T3 Address op-code 0 1 0 1 0 1 0 
RLC (lY+d) 2nd op-code 2nd 
RL (lX+d) MC, T,T,T3 Address op-code 0 1 0 1 0 1 1 
RL (IY+d) 
RRC (lX+d) 1st operand 

RRC (lY+d) MC3 T,T,T3 Address d 0 1 0 1 1 1 1 

RR (lX+d) 3rd op-code 3rd 
RR (lY+d) MC, T,T,T3 Address op-code 0 1 0 1 0 1 1 
SLA (lX+d) IX+d 
SLA (lY+d) MC. T,T,T3 IY+d DATA 0 1 0 1 1 1 1 
SRA (lX+d) 

SRA (IY+d) 
SRL (IX+d) MC. Ti * Z 1 1 1 1 1 1 1 

SRL (lY+d) IX+d 
MC, T,T,T3 IY+d DATA 1 0 0 1 1 1 1 

1st op-code lst 
MC, T,T,T3 Address op-code 0 1 0 1 0 1 0 

2nd op-code 2nd 

MC, T,T,T3 Address op-code 0 1 0 1 0 1 1 

RLD 

RRD MC3 T,T,T3 HL DATA 0 1 0 1 1 1 1 

MC, 

-MC, TiTiTiTi * Z 1 1 1 1 1 1 1 

MC. T,T,T3 HL DATA 1 0 0 1 1 1 1 

1st op-code 1st 
MC, T,T,T3 Address op-code 0 1 0 1 0 1 0 

MC, 

-MC3 TiTi * Z 1 1 1 1 1 1 1 
RSTv 

MC, T,T,T3 SP-l PCH 1 0 0 1 1 1 1 

MC. T,T,T. SP-2 PCL 1 0 0 1 1 1 1 

SCF 
1st op-code lst 

MC, T,T,T3 Address op-code 0 1 0 1 0 1 0 

1st op-code 1st 
MC, T,T,T3 Address op-code 0 1 0 1 0 1 0 

SET b.g 2nd op-code 2nd 
RES b.g MC, T,T,T3 Address op-code 0 1 0 1 0 1 1 

MC3 Ti * Z 1 1 1 1 1 1 1 

1st op-code 1st 
MC, T,T,T3 Address op-code 0 1 0 1 0 1 0 

2nd op-code 2nd 
MC, T,T,T3 Address op-code 0 1 0 1 0 1 1 

SET b. (HU 

RES b. (HU MC3 T,T,T3 HL DATA 0 1 0 1 1 1 1 

MC. Ti * Z 1 1 1 1 1 1 1 

MC, T,T,T. HL DATA 1 0 0 1 1 1 1 

(Continued) 
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Instruction 
Machine 

Cycle 
States ADDRESS DATA RD WR Me ici'E LiR HAi:T ST 

1st op-code 1st 

MCt TtT2T3 Address op-code 0 1 0 1 0 1 0 

2nd op-code 2nd 
MC2 TtT2T3 Address op-code 0 1 0 1 0 1 1 

1st operand 

SET b. (IX+d) MC3 TtT2T3 Address d 0 1 0 1 1 1 1 

SET b. (lV+d) 3rd op-code 3rd 
RES b. (lX;l-d) MC, TtT2T3 Address op-code 0 1 0 1 0 1 1 
RES b. (lV+d) lX+d 

MC. TtT2T3 IV+d DATA 0 1 0 1 1 1 1 

MC. Ti * Z 1 1 1 1 1 1 1 

IX+d 
MC, TtT2T3 IV+d DATA 1 0 0 1 1 1 1 

1st op-code 1st 
MCt TtT2T3 Address op-code 0 1 0 1 0 1 0 

SLP 
2nd op-code 2nd 

MC2 TtT,T3 Address op-code 0 1 0 1 0 1 1 

- -- FFFFFH Z 1 1 1 1 1 0 1 

1st op-code 1st 
MCt TtT,T3 Address op-code 0 1 0 1 0 1 0 

2nd op-code 2nd 
MC, TtT2T3 Address op-code 0 1 0 1 0 1 1 

TSTIO m 
1st operand 

MC3 TtT2T3 Address m 0 1 0 1 1 1 1 

C to Ao-A, 

MC. TtT2T3 OOH to As-At. DATA 0 1 1 0 1 1 1 

1st op-code 1st 
MCt TtT,T3 Address op-code 0 1 0 1 0 1 0 

TSTg 
2nd op-code 2nd 

MC, TtT2T3 Address op-code 0 1 0 1 0 1 1 

MC3 Ti. * Z 1 1 1 1 1 1 1 

1st op-code 1st 
MCt TtT2T3 Address op-code 0 1 0 1 0 1 0 

TSTm 
2nd op-code 2nd 

MC, TtT2T3 Address op-code 0 1 0 1 0 1 1 

1st operand 

MC3 TtT2T3 Address m 0 1 0 1 1 1 1 

1st op-code 1st 

MCt TtT,T3 Address op-code 0 1 0 1 0 1 0 

2nd op-code 2nd 
MC, TtT2T3 Address op-code 0 1 0 1 0 1 1 

TST (HU 

MC3 Ti * Z 1 1 1 1 1 1 1 

MC. TtT,T3 HL DATA 0 1 0 1 1 1 1 

(Continued) 
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Interrupts 

Machine - -
ME IOE LlR HALT Instruction States ADDRESS DATA RD WR ST 

Cycle 

Next op-code 
MC, T,T2To Address (PC) 0 1 0 1 0 1 0 

MC2 

WI 
-MCo TiTi * Z 1 1 1 1 1 1 1 

MC, T,T2To SP-l PCH 1 0 0 1 1 1 1 

MC. T,T,To SP-2 PCl 1 0 0 1 1 1 1 

T,T2TW Next op-code 1st 
MC, TwTo Address (PC) op-code 1 1 1 0 0 1 0 

MC2 

iNTo"MODE 0 -MCo TiTi * Z 1 1 1 1 1 1 1 

(RST INSERTED) 

MC, T,T,To SP-l PCH 1 0 0 1 1 1 1 

MC. T,T2To SP-2 PCl 1 0 0 1 1 1 1 

T,T,Tw Next op-code 1st 
MC, TwT• Address (PC) op-code 1 1 1 0 0 1 0 

MC2 T,T2To PC n 0 1 0 1 1 1 1 

INTo MODE 0 MC. T,T,To PC+l m 0 1 0 1 1 1 1 

(CALL 
INSERTED) MC, Ti * Z 1 1 1 1 1 1 1 

MC. T,T2T. SP-l PC+2(H) 1 0 0 1 1 1 1 

MC. T,T2To SP-2 PC+2(l) 1 0 0 1 1 1 1 

T,T2TW Next op-code 
MC, TwTo Address (PC) 1 1 1 0 0 1 0 

INTo MODE 1 
MC, T,T,To SP-l PCH 1 0 0 1 1 1 1 

Me, TIT2T:. 51'-2 pel 1 0 0 1 1 1 1 

T,T,Tw Next op-code 
Me, TwTo Address (PC) Vector 1 1 1 0 0 1 0 

MC, Ti * Z 1 1 1 1 1 1 1 

iNTo MODE 2 MCo T,T,To SP-l PCH 1 0 0 1 1 1 1 

MC. T,T,To SP-2 PCl 1 0 0 1 1 1 1 

MC. T,T2To I, vector DATA 0 1 0 1 1 1 1 

MC. T,T,To I, vector + 1 DATA 0 1 0 1 1 1 1 

(Continued) 
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, 
Machine 

InstJUction States 
Cycle 

ADDRESS DATA iffi iiiiii 'Me "iCE" m ilAI:T ST 

T,T.Tw Next op-code 
MC, TwT• Address (PC) 1 1 1 1 1 1 0 

MC. n * z 1 1 1 1 1 1 1 

JIiJ'r.' 
iNT. MC. T,T.T. SP-l PCH 1 0 0 1 1 1 1 

Internal interrupts 
MC. T,T.T. SP-2 PCl 1 0 0 1 1 1 1 

MC. T,T.T. I. vector DATA 0 1 0 1 1 1 1 

MC. T,T.T. I. vector + 1 DATA 0 1 0 1 1 1 1 
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E-l. Requests in Each Operating Mode 

Current Status Operation Requesls 

Chip Operation Operation Cycle Interrupt Requesls 

Mode WAIT NMI INTO-INn, or Internal 

Interrupt 

CPU Accepted Accepted at end of Accepted at end of 

instruction instruction 

Nonnal Interrupt Accepted Not accepted Not accepted 

operation acknowledge cycle 

mode DMA Accepted Accepted; DMA Accepted 

cycle aborted 

Refresh Accepted *1 Accepted *3 Accepted *3 

Bus release mode Not accepted Accepted *2 Accepted *2 

DMA Accepted Accepted; DMA cycle Accepted 

aborted and halt mode 

released 

Refresh Accepted *1 Accepted; halt mode Accepted; halt mode 

released after completion released after completion 

Halt mode of refresh cycle*3 of refresh cycle*3 

Bus release mode Not accepted Accepted; halt mode Accepted; halt mode 

released after completion released after completion 

of bus release mode*2 of bus release mode*2 

Other halt mode Accepted Accepted; halt mode Accepted; halt mode 

released released 

DMA Accepted Accepted; DMA cycle Accepted 

aborted and sleep mode 

released 

Refresh Accepted *1 Accepted; sleep mode Accepted; sleep mode 

released after completion released after completion 

Sleep mode of refresh cycle*3 of refresh cycle*3 

Bus release mode Not accepted Accepted; sleep mode Accepted; sleep mode 

released after completion released after completion 

of bus release mode*2 of bus release mode*2 

Other sleep mode Not accepted Accepted; sleep mode Accepted; sleep mode 

released released 
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E-l. Requests in Each Operating Mode (cont.) 

Current Status Operation Requests 

Chip Operation Operation Cycle Interrupt Requests 

Mode WAIT NMI INTo-lNT2, or Internal 

Interrupt 

Bus release mode Not accepted Accepted; system stop Accepted; system stop 

mode released after mode released after 

System stop completion of bus completion of bus release 

mode release mode*2 mode*2 

Other system stop Not accepted Accepted; system stop Accepted; system stop 

mode mode released mode released, 

Reset mode Not accepted Not accepted Not accepted 
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E-l. Requests in Each Operating Mode (cont.) 

Current Status Operation Requests 

Chip Operation Operation Cycle . Bus Requests 

Mode BUSREQ Refresh Request DMA Request from 

DREQo, DREQI, or MSCI 

CPU Accepted; enters bus Accepted; refresh cycle Accepted; DMA cycle 

release mode at end of executed at end of executed at end of 

machine cycle machine cycle machine cycle 

Interrupt Accepted; enters bus Accepted; refresh cycle Accepted; DMA cycle 

acknowledge release mode at end of executed at end of executed at end of 

Nonoal cycle machine cycle machine cycle machine cycle 

operation DMA Accepted; enters bus Accepted; refresh cycle Accepted; DMA cycle 

mode release mode at end of executed at end of executed at end of 

machine cycle machine cycle machine cycle 

Refresh Accepted; enters bus Accepted; refresh cycle Accepted; DMA cycle 

release mode at end of executed at end of executed at end of 

machine cycle *3 machine cycle machine cycle *3 

Bus release mode Bus release mode Accepted; refresh cycle Accepted; DMA cycle 

continues executed after executed after completion 

completion of bus of bus release mode *2 

release mode*2 

DMA Accepted; bus release Accepted; refresh cycle Accepted; DMA cycle 

mode entered at end of executed at end of executed at end of 

machine cycle machine cycle machine cycle 

Refresh Accepted; bus release Accepted; refresh cycle Accepted; DMA cycle 

mode entered at end of executed at end of executed at end of 

machine cycle *3 machine cycle machine cycle *3 

Halt mode Bus release mode Bus release mode Accepted; refresh cycle Accepted; DMA cycle 

continues executed after executed after completion 

completion of bus of bus release mode *2 

release mode*2 

Other halt mode Accepted; bus release Accepted; refresh cycle Accepted; DMA cycle 

mode entered at end of executed at end of executed at end of 

machine cycle machine cycle machine cycle 
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E-l. Requests in Each Operating Mode (cont.) 

Current Status Operation Reques1s 

Chip Operation Operation Cycle Bus Requests 

Mode BUSREQ Refresh Request 

DMA Accepted; bus release Accepted; refresh cycle 

mode entered at end of executed at end of 

machine cycle machine cycle 

Refresh Accepted; bus release Accepted; refresh cycle 

mode entered at end of executed at end of 

machine cycle *3 machine cycle 

Sleep mode Bus release mode Bus release mode Accepted; refresh 

continues cycle executed after 

completion of bus 

release mode*2 

Other sleep mode Accepted; enters bus Accepted; refresh cycle 

release mode executed at end of 

machine cycle 

Bus release mode Bus release mode Not accepted 

System stop continues 

mode Other system stop Accepted; enters bus Not accepted 

mode release mode 

Reset mode ------------- Not accepted Not accepted 

* I Not accepted when the number of programmable wait states is O. 

*2 Requests are held until the bus release mode completes. 

*3 Requests are held until the refresh cycle completes. 
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DMA Request from 

DREQo, DREQ1, or MSCI 

Accepted; DMA cycle 

executed at end of 

machine cycle 

Accepted; DMA cycle 

executed at end of 

machine cycle *3 

Accepted; DMA cycle 

executed after completion 

of bus release mode *2 

Accepted; DMA cycle 

executed at end of 

machine cycle 

Not accepted 

Not accepted 

Not accepted 



E-2. Request Priorities 

Reqvests to the HD64180S are categorized into three types: 

(j) Requests accepted and executed in each state ...... WAIT 

® Requests accepted and executed in each machine cycle ...... Refresh request 

DMArequest 

BUSREQ request 

@ Requests accepted and executed in each instruction ...... Interrupts 

In principle, request priorities are as follows: 

(High) (j) > ® > @ (Low) 

Type ® requests are prioritized as follows: 

(High) BUSREQ > Refresh request > DMA request (Low) 

For the priority of type @ requests, see section 3.6 "Interrupts" 
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E-3. State Transition Diagrams 

(1) (:hip operation mode transition diagram 

(2) Bus control transition 

BUSREQ = 1 and refresh request issued 
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F-l. Status Signals 

Status signals are listed below. 

Chip 

I 
BUSACK I operation Operation cycle ill \IE TIlE RO ViR REF HALT ST CS._, A.-A,. 0.-0, 

mode 

CPU First opcode fetch 0 a 1 0 1 1 1 1 i 0 OCT (A) OUT (A) I;'; 

Second and third opcode fetch 0 0 1 0 1 1 1 1 I 1 OCT (A) OUT (A) I;'; 

Memory read 1 0 1 0 1 1 1 1 I 1 OCT (A) OUT (A) I;'; 

Memory write 
, 

I OUT (A) OUT (A) 1 
, 

0 1 1 0 1 1 1 1 OCT (A) 
I I ! 

I/O read 1 , 1 0 0 1 1 i 1 1 ! 1 1 OUT (A) I;'; 

Normal i I/O write 1 
, 

1 0 1 0 1 1 1 
, 

1 1 OUT (A) OUT (A) ! 
operation Internal operation 1 1 1 1 1 1 1 1 i 1 1 OUT (A) z mode 

Interrupt I 
acknowl- I 

NMI 0 ! 0 I 1 0 1 1 1 1 ! 0 OCT (A) OUT (A) I;'; 

edge(first INT. 0 : 1 I 0 1 1 1 1 1 I 0 I 1 OUT (A) I;'; ! I 
machine I 

1 1 1 1 1 1 1 1 i 0 1 OUT (A) Z cycle) INTI, 1NT2, and internal interrupts 

Internal Memory read 1 0 
I I 1 0 1 1 1 1 , a OCT (A) OUT (A) I;'; 

DMA Memory write 1 I 0 1 1 0 1 1 1 i 0 OCT (A) OUT (A) OUT (A) 

I/O read 1 I 1 0 0 1 1 1 1 : 0 1 OUT (A) I;'; 

I/O write 1 I 1 0 1 0 1 1 1 i a 1 OUT (A) OUT (A) I 

Internal operation 1 1 1 1 1 1 1 1 0 1 OUT (A) z 
Refresh 1 I 0 1 1 1 0 1 1 ! 1 1 OUT (A) Z 

Bus release mode 1 I z z z z 1 1 0 
I 

1 1 z Z I 

1: 

~ 
(') 
1: 

I: High level output 
0: Low level output 
OUT (A): Any output 
IN: Input 
Z: High impedance 

VI 

~ 



tro 
& F-l. Status Signals (cont.) 
:I 

~ 
(') 

Chip 
Operation cycle ill ME TOE RO operation 

mode 

:I Halt Internal Memory read 1 0 1 0 
mode DMA I Memory write 1 0 1 1 

I/O read 1 1 0 0 

I/O write 1 1 0 1 

Internal operation 1 1 1 1 

Refresh 1 0 1 1 

Bus release mode 1 Z I z z 
Halt mode other than above 0 0 1 0 , 

Sleep Internal t Memory read 1 I 0 I 1 0 
mode DMA 

Memory write 1 0 1 I 1 

, I/Oread 1 I 1 I 0 0 I I 
I 

! I/O write 1 i 1 i' 0 1 I 
I Internal operation 1 1 ! 1 1 I 

Refresh 1 0 I 1 1 

Bus release mode 1 Z I z z 
Sleep mode other than above 1 1 1 1 

System Bus release mode 1 Z Z Z 
stop 

System stop mode other than above mode 1 1 1 1 

Reset 
mode --- I 1 1 1 

liR REF HALT BUSflCK Sf 

1 1 0 1 a 
0 1 0 1 0 

1 1 0 1 0 

0 1 0 1 0 

1 1 0 1 0 

1 0 0 1 1 

Z 1 0 0 1 

1 1 0 1 0 

1 1 0 1 0 

0 1 0 1 0 

1 i 1 0 1 0 

0 I 1 0 1 I) 

1 I 1 0 1 0 

1 0 0 1 1 

Z 1 0 0 1 

1 1 0 1 1 

Z 1 0 0 1 

1 1 0 1 1 

1 1 1 1 1 

CS O_2 

OUT (A) 

OUT (A) 

1 

1 

1 

1 

1 

OUT (A) 

OUT (A) 

OUT (A) 

1 

1 

1 

1 

1 

1 

1 

1 

1 

Ao-A •• 
I 

Oo-D, 

OUT (A) I l'\ 

OUT (A) OUT (A) 

OUT (A) I I l'\ 

OUT (A) OUT (A) 

OUT (A) z 
OUT (A) I z 

Z i z 
OUT (A) t I X 

OUT (A) i I X 

OUT (A) ! OUT (A) 

OUT (A) i IX 

aliT (A) OUT (A) 

lOUT (A) I z 
OUT (A) I z 

1: 
0: 

Z 

1 

Z 

1 

Z 

OUT (A): 
IN: 
Z: 

Z 

Z 

Z 

Z 

Z 

High level output 
Low level output 
Any output 
Input 
High impedance 



F -2. Pin States in Reset and Low Power Dissipation Modes 

Pin name 
Reset mode 

TIN •. TIN. IN (N) 

TOUT •. TOUT'. OUT ( L) 

CS •• CS •. CS. OUT (H) 

WAIT I N (N) 

NUl I N (N) 

I NT •. I NT •• I NT. I N (N) 

RESET r N (A) 

BUSREQ I N (N) 

BUSACK OUT (H) 

ST OUT (H) 

L1R OUT (H) 

REF OUT (H) 

HALT OUT (H) 

RD OUT (H) 

WR OUT (H) 

ME OUT (I-I) 

IDE OUT (H) 

A.-A •• z 

0.- 07 Z 

_I Input selected IN (N) 
SYNC II Output selected --

RTSM OUT (II) 

DC OM I N (N) 

CTSM I N (N) 

RXDM I N (N) 

Pin state 
Sleep mode System stop mode 

IN (A) IN (N) 

OUT (A) HOLD 

OUT (A) OUT (H) 

I N (A) I N (N) 

I N (A) I N (A) 

I N ( A) I N (A) 

IN (A) I N (A) 

I N (A) I N (A) 

OUT (A) OUT (A) 

OUT (A) OUT (H) 

OUT (H) OUT (H) 

OUT (A) OUT (H) 

OUT (L) OUT (L) 

OUT (A) OUT (H) 

OUT (A) OUT (H) 

OUT (A) OUT (H) 

OUT (A) OUT (H) 

OUT (A) OUT (H) 

I N (A) • 
Z 

OUT (A) • z 
IN (A) IN (N) 

OUT (A) HOLD 

OUT (A) HOLD 

IN (A) IN (N) 

I N (A) IN (N) 

IN (A) I N (N) 

IN (A): Input (active) 
IN (N): Input (inactive) 
OUT (H): Output (fIxed to high level) 
OUT (L): Output (fixed to low level) 
OUT (A): Output (active) - High or low level output 
Z: High impedance 

HOLD: Holding the previous state 
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F-2. Pin States in Reset and Low Power Dissipation Modes (cont.) 

Pin name 
Reset mode 

Input selected IN (N) 
RXCM 

Output selected --

Input<~lected I N (N) 
TXCM 

Output selected --

TXDt.! OUT (H) 

RTSA OUT (H) 

DeDA I N (N) 

eTSA I N (N) 

RXDA I N (N) 

Input selected I N (N) 
RXCA 

Output selected --
Input selected IN (N) 

TXCA 
Output selected --
TXDA OUT (H) 

DREQ •• DREQ, I N (N) 

TEND •• TEND, OUT (H) 

<P !II clock output 

550 HITACHI 

Pin state 

Sleep mode System stop mode 

IN (A) IN (N) 

OUT (A) OUT (A) 

I N (A) r N (N) 

OUT (A) OUT.(A) 

OUT (A) OUT (H) 

OUT (A) HOLD 

I N (A) I N (N) 

I N (A) I N (N) 

I N (A) I N (N) 

I N (A) I N (N) 

OUT (A) OUT (H) 

I N (A) IN (N) 

OUT (A) OUT (H) 

OUT (A) HOLD 

IN (A) IN (N) 

OUT (A) OUT (H) 

!II clock output !II clock output 

IN (A): Input (active) 
IN (N): Input (inactive) 
OUT (H): Output (fixed to high level) 
OUT (L): Output (fixed to low level) 
OUT (A): Output (active) - High or low level output 
Z: High impedance 
HOLD: Holding the previous state 



G. Built-in Registers 

CPU 
Register Address 

Interrupt control register (ICR) OOOOH 

MMU common base register 000lH 
(CBR) 

MMU bank base register (BBR) 0002H 

MMU common/bank area 0003H 
register (CBAR) 

Operation mode control register 0004H 
(OMCR) 

Remarks 

··~IL-m. __ -L __ ~ __ ~ __ ~ ____ -L ____ ~ __ ~~ __ ~_mM __ ~ - "'" In .... v.. 0 

TRAP 1 
0: lRAPlnIImIpt 

... --1: TRAP NemIpt --
-~I C87 - lOW 

1nltl,I Valua 

-~I m - lOW 

InIdalVa'u. 

--I .,.. 

-- lOW --

o 

J_F_~~ 
0: SeoandllJleofapaacllundllflMd " ........... _-

cas cas CII4 

lOW lOW "'" 

III III ... 
lOW lOW "'" 

CAl CA' coo 

lOW lOW lOW 

"'" o , 

I 
!1M""cIuIIIed "JII'ij-

.... CII2 ca, ceo 

"'" "'" lOW "'" 

... ... .. , ... 
lOW "'" "'" "'" 

1M W .. , ... 
"'" .... RfN RfN 

I _ .... _1 .... Four high OIdItbilaoi 1M 
............ taroammon ... , 1DMr ...... lltlforlhebMk ... 

-~~I_~--~~--~-~--~--~--~--~--~I---~ 
-... RfN 

InIhIVa. 1 

m~ 
0' Tho lJI_" low ........... -

1eIch", 2 of .... 
AEl1_ ... ................... 
.... IIlI'i_ - ... 1: Norm .. ..,.uon 

w RfN , 

.L 
O:OuIpuIaf ..... Il5I:_1US ..... ~ 

will thIIaflhe ztD.baecI,...,. LSIL 
1: Nann.rapeNllan 

LiAT......, EnabIt 
0, ....... UAE""Ioo. ... llIi...,..IoIow .... '" .. ___ ' ___ 010_ 

.... IJII( ... 
1:NormI!' ...... 
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G. Built-in Registers (cont.) 

CPU 

Register 

1/0 control register (IOCR) 

Unused 

Unused 

Wait Control 

Register 

Physical address boundary 

register 0 (PABRO) 

Physical address boundary 

register 1 (PABRl) 

Address 

0005H 

0006H 
0007H 

Address 

0008H 

0009H 

Wait control register L (WCRL) OOOAH 

552 HITACHI 

Remarks 

-1-1-1-1-1-
ReadlWrb RfN 

InIIIaIVaIue 0 

~ 
0: Steep mode (SlP i'l1Iruction execuIlon) 
1: Sy.aem _ mode (SLP Inatndon 8HCUI1on) 

Remarks 

BitNarn. I PB07 I PB08 P",," PB04 PII03 P .... PB01 PBOO 
........... RIW RIW RIW RIW RIW RIW RIW RIW 

InlUalVaIue 

I 
PAUPAM Boundary Addr ... (8 hQh-otder bII) 

7 

...... 1 P817 I PS'. P816 P814 PS" P812 P811 PS'. 
_'0 RIW RIW RIW RIW RIW RIW RIW RIW 

Initial Value 

PAMIPAH Boundary Add ..... (8 hlgh-order bits) 

2 , • 

....... .... 1 _----1_---1.1_---1.1_---1.1_--L1_PAL_Wl-LI_PAL_W_' .l...1_''''_''''--.l1 
RIW RIW 

InItialValua 

PAL ArM Wal 

PALW2 PALWI PALWO Number of Wait States 
0 0 0 
0 0 1 

0 
0 1 1 

0 0 
0 



G. Built-in Registers (cont.) 

Wait Control 

Register Address 
Wait control register M (WCRM)OOOBH 

Wait control register H (WCRH) OOOCH 

I/O wait control register 
(IOWCR) 

OOODH 

Remarks 

--I - 1 
..-
_..... -":"'---T'---'--

I 
PAMW2 PAMWI 

0 
0 
0 
0 

I· 

0 
0 

0 
0 

...... 1 - I 
-. 
InIIIIV .... 

PAIIW2 PAHWI 

0 0 
0 
0 
0 

0 
0 
I 

PAMArMWai 

PAMWO Number olWIlt_ .. 

o 

o 4 

6 

PAHAr-.Wd 

PAHWO Number otwait Slates 

0 o 

0 

0 4 

0 

HilHam. L.1_---I_IOH2_..I-_IOH_,--I_IOHO_.lI_-_..I-_IOL2_.J...._IOL_'--I_IOLO_...J 

RNdNh.. RW IWI ANI 

InItlMVaiu. 

I/OH,.. 1/0'-

10HZ 1081 1080 Number of Walt SIIIt .. 
0 0 0 

0 0 1 

0 0 
0 1 

0 0 
0 1 

0 6 

lOLl lOLl 101.0 Number ofWait States 

0 0 0 0 
0 0 
0 0 
0 

0 
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G. Built-in Registers (cont.) 

Wait Control 
Register 
Interrupt wait control register 
(INTWR) 

Refresh wait control register 

(RWCR) 

Interrupt Control 

Address 
OOOEH 

OOOFH 

Register Address 
Interrupt status register 0 (lSRO) OOlOH 

554 HITACHI 

Remarks 

-~I~--L_-~I __ -~I _-~I __ -_I~MM __ ~I_MW_'~_~~ 
""-InllillVaIue 

_Wal 

INTW2 INTWI INTWO Number orWIlit Stales 
0 0 0 2 
0 0 1 

0 0 
0 \ 5 

0 0 6 
0 

n 

\' 

--I - 1 - 1 - 1 - 1 -

REFW2 REFWI REFWO 
0 0 

0 0 \ 

0 0 
0 \ 

0 0 
0 

0 

Remarks 

Number orWa11 Slates 

0 

R 

AllfrelhWIlt 

R 

1-Extemallntemlpl INn 

O:~rdilluld 
1:-..1111..t 

.M9aEDm.... lECI.BIIEIlt... ExI!rn!! InIIrrUpI iNTi 
O:RaquallnaliIsuId O:Rlqulrlnatilluld O:AlquBnatiIIuKI 
1:~"" 1:~iaI.IId 1:~1iItuId 



G. Built-in Registers (cont.) 

Interrupt Control 
Register Address 
Interrupt status register 1 (ISRl) OOllH 

Interrupt enable register 0 

(lERO) 

Interrupt enable register I 

(IERI) 

0012H 

0013H 

Interrupt vector low register (n..) 0014H 

Remarks 

.. N .... I .. IRQ I """" DMI81 QUIA, 11M.. "..... I 'IlCJIT1 I """"' I 
___ R 

R R R R R 

In/tfaIVaJue • 
I 

L"'"1""'· .'CI!JD!"'~ .:_ .... 
0: ReqUMI no!: iauId D: R...,. noIlUued 0: Requeet not__ 1; RequIII: IlIuM 
1: Aequ ... iIeued 1: "-que« IMued 1: AIquat IMutd 

==.:. erA fl2rA :;s;:'U:::' 
0: AIqueeI not IIaued 0: Recau. not....... 0: ~ not ... 1: RequeII iHuId 
l:flequellleIued 1:ReqUHIilluld l:Atqutlt ...... 

7 • • • • • 
.. _I ~'E I RXR>Y1EllXMOE 1- IllOIIVOE 1--1 N1JE INTIE -- IWI IWI RoW RoW RoW RoW RoW IWI _v_ 

0 • • 
I I 

~TlCRQY MSCITlCINT ~ 
Woe--- ~ 

0: DINbIId 

0:_ "'-1: EnIbIed l:EnIIbIed 1: ENIbIed 

~IORXRDV ~ 

0:""" a.: DIubIed 
1: EMbIed 1: EnIbIH 

"'-l:EnabIIcf 

Go""""" 
O:DIIIIIIId 
t:EftIbIed 

:...~ 
O:DfNbIId 
l:EnII:IIed 

5 " 3 2 1 0 

- RoW 
RoW 

-- Y 
TlmerChM .... ' 
~EnIbIe 0:_ 
1: Enabled 

IWI IWI IWI IWI _L.', DMAIL. 'I ChIInMIl EnIbIe CMnMI 0 En ... 
0: DIubIMI 0: DIIabIed 
1: Eftlibled 1: EMbIed 

~ ~ 
Channel t ErIIIbII Channel 0 EMbIe 
D: DIubW 0: DiAbIed 
1: EnabIId 1: EftIbIeId 

IWI 

-l., 
RXINT.-
0: D6IatAd 
1: en.bIM 

~EMI* 
0: CJiIIIMd 
1: En .... 

"-I~_'L_7~ __ u __ ~ __ ~ __ ~ __ ~~ __ ~ __ ~I ___ ~ 
-.. IWI RoW 
IMIIIVII.,. 

•• J .... 

I 
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G. Bunt-in Registers (cont.) 

Interrupt Control 

Register 

Unused 

Unused 

Unused 

Refresh Control 

Register 

Refresh control register (RCR) 

Unused 

Unused 

Unused 

Bus Control 

Register 

DMA priority control register 

(PCR) 

DMA master enable register 

(DMER) 

556 HITACHI 

Address 

OOl5H 

OOI6H 

OOl7H 

Address 

OOl8H 

0019H 

OOIAH 

OOlBH 

Address 

DOlCH 

OOlDH 

Remarks 

Remarks 

BItName I FEFEI - I -_ ... 
ANI 

lnftlalYalue 

Refresh Enable 

0: Refresh cycIM not InetttecI 
1: AM,.8h cyolls Inserted 

Remarks 

SIngINIadc. T ...... ' 
Mode (dual 1Idc:Ir.a) 

SlngIe-blockT,.,..,... 
,.,.' .... IICkI ..... ) 

ChaIned-bIock Tr ....... -

SIr'lgla-bIockTranstar 
Mode (dual address) 

Singl&-blocltTranstar 
Mod, (single address) 

Chalned·bIock TrSNfar 
Mbd. 

OME 

RndlWrIle RIW 

InltlalValua 

I 
DMA Maatar-Enabla 

0: Disable 
1: Enable 

I - I - I C'IC2 

ANI 

eve, cvco 

ANI ANI 

~ 
• InMfIIon InterwI 
000:32 .... 
001:14 .... 
010:96 ...... 
011:128 ...... 
100:180 .... 
101:112 .... 
110:2204_ 
111: 2SI state. 

ANII 

~ 
0: ChMneI 0 .... priorIIy CMr channell 
1: ChMnIi1 hat prIofty ov. chanMI 0 



G. Built-in Registers (cont.) 

Bus Control 
Register 

Unused 

Unused 

MSCI 

Register 

MSCI TX/RX buffer register 

(MTRB) 

Address 

OOlEH 
OOlFH 

Address 

0020H 

MSCI status register 0 (MSTO) 0021H 

MSCI status register 1 (MSTl) 0022H 

Remarks 

Remarks 

-... _v .... 

-InlllalV .... 

-, 
RrW AIW RNI RIN RW RIW RoW RoW 

R R 

!l!!!!!.!!!!!!! ~j.O 
0: Nointenupl 
1: irMrrupI t: Tr.wnllbulflr _ .. -­O:No,...,.datI. 

t: RlIC:iIMdlhl 

:,~i:~ IO~i:~_.~ 1 
1: U..--un...... • -,nchlaflDUlmodli 

~ 0: BIHk MqUefICe MCfnol ....... 
• 811:~modII 1: 8Iuk~endclllecHd 
0: No fIIg dMIctId Idle Start o.c.ction 
1:PllllldICectIcI .8Itsyl\CllW'orloW ..... 

O:Id ........... .."I'ICII~ 

~-::':r!d!!atatu. ~UntlM! 1: ... ....,..., ... rtd8leol8d 

t:ldt. ~~~ ~.= .... 
0: .,........,...,...,. NIl ...... 
1:ar..Jt ............. ____ 

Abort DeMoIIctNGA Pan.m DtIectIon 
• BltllYftClhnMoulmodll 
0: AborI ....... IllanlGAPIMm ..... ... -t:AbOrt ........ .sartIGApIhrn ... -
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G. Built-in Registers (cont.) 

MSCI 

Register 

MSCI status register 2 (MST2) 

MSCI status register 3 (MST3) 

MSCI frame status register 

(MFST) 
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Address 

0023H 

0024H 

0025H 

Remarks 

AMI' RoW RIW AIW ANI RoW 

:.~ I aB.l)'ftChIonCIUI~ 
0: AIceIw frame end 

.... -1:~"""" 

p...,,_ .. 
• ,Asynohronou. mod • 
0: PartvorMPbIt"O" 
1: ParivorMPbII"'" 

.!I:!!!!f!!!!!! ·111_-t=;= 

!'IrueBIFrM!!l . " .......... .-
0: Normllendcl ..... 
1: Framewlh~bIIs -

• • 3 

R R 

In"" V.. 0 0 x x 
R R 

o· 

I ......... l... ~I CTS .. !neuIL..i ...... 
~ s:r::-.:ca;-data 0: ~1Dw1mll ' 

TXEn_ 
0: Diubfa 
1: En ... 

1: TrannbMSChlata 1: CTSMhlgh ....... 

~ 
• 8y1WB11seyncluonous mod. 
0: ADPIJ.l'lDm\lllrnode 
1: ADPlLMaJChmacle 

DCDM"InpytUMStalua 
0: OCOM kMlIMI 

1: DCilMhlghlMNll 

RndNIrI. RoW FWI ANI RW RoW RNI 

tlltlldValue --------,---------

AX ...... 0:....-
1: Enable 



G. Built-in Registers (cont.) 

MSCI 

Register Address 

MSCI interrupt enable register 0 0026H 

(MIEO) 

MSCI interrupt enable register 1 0027H 

(MIEl) 

MSCI interrupt enable register 2 0028H 

(MIE2) 

RemarkS 

ReadlWrita RIW RIW fWI fWI 

InilialValua 0 o 0 

,-------l 
TXINTlnterrupl 
Enable 
0: Disable 
1: Enable 

RXINTlntarruot 

~J Enable 
0: Olaabkl 
1: Enable 

AXAD ''' ... up! 
Enable 
'O:'llIi'"abla 

Async 

BytaSync 

>IJI.C 

Loop 

RoodIWriIe 

InltlalValua 

~ 
0: Oilabla 
1: Enable 

-

l.<IRNE 
IDLE 

I---
SYNCOE 

- I--
RooE 

IDL Interrupt Enable 

0: Disabla 
I:Enablo 

UDRN Interrupt Enabla 

• BylaJ811 aynchronotJl mode 

O:Olaable 
I:Enabkt 

SYNOD Interrupt Enabl. 

• Byte synchronous mod_ 
O:Olaabie 
I:Enabla 

FLGDlnlarruplEnable 

• Bit synchronous mod. 
O:DilabIe 
1: Enabla 

CCTSE 

1: Enable 

.""DE ORKEE 

- -
CDCDE 

ABTDEI 
GAPDE tOLDE 

BRl<OlntarruptEnable 

• Asynchronous mode 
O:Dlsabla 
1: Enabla 

ABlDlGAPO Interrupt 
Enable 

• 81l synchronous mod. 
O:Olsabl. 
1: Enable 

COCO Interrupt Enable 

O:Dlsabla 

BAKE Interrupt Enable 

• Asynchronous mod. 
0: Disable 1: Enabkt 
1: Enable 

IOLD Interrupt Enable 

• Bit sYnch'ronoua mode 
O:[)jsabla 
1: Enabla 

lnItiaiValua 0 

~~'-I ~,=,ooo"' mod. 
I:Enabla 

PMP Interrupt Enable 

• AsynchlOnoue mod. 
0:0 .... 
1: Enable 

SHRl Interrupt Enable 

• BIt aynchronoul mode 
O:Disab\e; 
1: Enable 

I 
CRCE Interrupt Enable 

• ByteJbit synchronous mode 
0: Disable 
1: Enable 

OVRN IntemJpt Enable 

0: Disable 
1: Enable 

~------F~Elmerr~Enable 

PE Inlerrupt Enable 

• Asynchronoul mode 
O:Disab\e 
1: Enable 

ABl Interrupt Enable 

• Bit synchronous mode 
0: Disable 
1: Enable 

• Asynchronnus mode 
0: Disable 
1: Enable 

RBll Interrupt Enable 

• Bit synchronous mode 
O:Dlubie 
1: Enable 
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G. Built-in Registers (cont.) 

MSCI 
Register 
MSCI frame interrupt enable 
register (MFIE) 

(MeMO) 

Address 

0029H 

MSCI mode register 0 (MMDO) 002BH 
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Remarks 

ANI 

o '0 

I 
EOMF Int!nupI EnIbII ... _-0:_ 
1: EnIbII 

• T ........ CornIMndI 
000001: nc .. 
000010: lX ..... 
000011: TX ....... 
000100: 1)( CAe WIIIIIaIIon 
000101: ExiakMlDntromTX 

CAC_ 
000110: Endof ......... 
oop111:Abort ......... 1an 
aotaao: .... on 
001001: lXwr.cIHr 0Ih0n0: _ 

• AICIIve oDmrn.nd. 
010001: AX ..... 
01001O:RX .... 
010011:AX~ 
010100: AX CAe InIidDllon 01010': __ 

010110: SeM:hMPbI 
010111: ExclIlIDnframAX 

CAC_ 
011000: FordngRXCRC -

• OIhorCammandl 
100001: Cfuant'MII,.MI 
110001: EtUrIIMhIWlOH ......:110_ 

RIW RIW ANI 

--=---1---.;0:... 0 0 

~.- I I 
I'IlIIooolMosIL 
000: Asynchronous mode 
001: Byte-sync. 

-",,-
010: Byta-tync. 

Bi1¥ncmode 
011: BytI-sync,Extarnal 

':A""""" .... ~ 

CACC!!!cu!aIionCodt 

o 0 

I 
~ 
~--Aly~Ou' mode 
00: 1 bit 
01: 1.Sblts 
10: 2 bitt 
1':RltHrvecI 

synchronous mode 
100: BiI.-sync. HOLe modi 
101: BII~rne..loop mode 
110: Retttved 

• ByteIBH syncl'uonou8 .-
CAe""""_ 
~ 
InltillYaI"" 

O:D .... 
111: RHerved • 1: En ... 

• Byt&I8Itsynchronaus mode 
0)(: CRC-1. 
1X: CRC-CCITT 
XO: InitlalvaIue.allOS 
Xl: lnillalvalua.alI1. 



G. Built-in Registers (cont.) 

MSCI 

Register Address 
MSCI mode register 1 (MMDl) 002CH 

MSCI mode registeI: 2 (MMD2) 002DH 

MSCI control register (MCTL) 002EH 

Remarks 

InltlalValuB 0 0 0 0 0 0 0 0 r=r I:,J'@dHY;:c.w 
.8i1.BIlJ • Asynchronous mode • Asynchronous mode 
• Asynchronous mod. 00: 8 bltafcharaetar 00: No panlylfv'lP bit 
00: 111 clock rata 01: 7bits/Characlar 01: MPbilappanded 
01: 1116 clock rate 10: 6brtaJcharacter (byoommandj 
10: 1132 clock rate 11: Sbltllcharacter 10: Evanparrtyappendedand 
11: 1164 clock rate checked 

11 Odd parity appended and 
Addr", Beld Cbp ReceIVe Character checked 

• Bit synchronous mode ill9!!!. 
00: Addresslield no-chack • Asynchronous mode 
01: Single addra •• 1 00: 8 b~slcharact.r 
10: Slnglaaddre •• 2' 01: 7bitsJcharact.r 

11: Dual addreu ~ ~~ : =:~~:~:::~ 

initial Value 0 0 0 0 0 0 ---"0'---,,...2._ 

-1-T ~ Channel Connedlon 

• !i!~nous TransmIssion Coda 00 F:::XIcatIonS 
mode!r2! 01 Auto echo 

o NRZ • By11111B11 synchronous 10 Reserved 
1 FM mode 11 LocaIIoopback. .-ooNAl 

~~. ~:~d Ape! L ~Q9rat!Oq C!gcktBlt Bat. 
11: Ra.arYed' • Bytel8it synchronous mode 

~ .. ''''' lJ(~YCI 
Byta Sync 

Bit Sync 

o FM 00: lI8 
00: Manchester 
01: FM1 
10: FMC 
11: Reserved 

01: x16 
10' x32 
11: Reserved 

RoW RoW RoW RtW PIW PIW 

InitilllValua 0 

~ 
TXRudySblteConlrol 
0: 1XRDYbllgoea tD 1 

when tha tranlml bufhIr is ...... 
1: lXADV till goaa 10 1 whan 

thttransmllburt8rlsnottut 

......... 
• Asynchronous ..... 
.,Off 
1: On(brukund 

Idle State Control 
• Bytamlt synchronoua mode 
0: Transmits a mark 
1: Ttansmlls ~ idla pathIm 

° 1 

t~1o"nd 0,Ri'§M ..... 
bw,.,.,' 

1: RTSM line 811 
hi;hlenl 

GoAct!v!onPoH ... -.... -. 
~'*-
1: ERIItM 

UndarrunStalaOontrol 
• Byte synchronous mode ~;r 
0: Enten: Idle state immediately 
1: Enta ... ldla state attar ORO transmission 
• Bit synchronous mod_ 
o: Enta ... ldle state after aborting transmillaiDn 
1: Ente .... -.teaftarFCSanc:lflagtransmiasion 

• Bytasyncmode 
0: DIsable 
1: Enable 
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G. Built-in Registers (cont.) 

MSCI 

Register 

MSCI synchronous/address 

register 0 (MSAO) 

MSCI synchronous/address 

register 1 (MSAl) 

MSCI idle pattern register 

(MIDL) 
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Address 

002FH 

0030H 

0031H 

Remarks 

Initial Value 

Initial Value 

InIlialVaIuII 

SVN Pattern tor RaceptlonfAddr ... Fjeld Check 

• Bytesynchronoulmodto 

Mono-sync SYN pattem for r Ion 

BI.aync SYN em lor Iranlmlliion and reception bill 7-0 

E)I;lernal·,ync Unused 

• Bit synchronous mode 

:= f-.;!::~~I::~:~::--~.n!!.·.!..: __ +~~:!!.:~!:.-o~ot='"!.' '~"'=""~I."l."""='~~".!!"~'!!'"~'-l 
Dual addreu Bitl 7...(J 01 tM secondary st_n add,. .. 

Add,", field not checked Unused = 1-7:~;:;:C::'~:::':-=,~;:';"-.-' --+;;;::;:':;-;~7:::-;;:::'::::' =:";:"'=:;::::-:::~:;;:;::::::;: ... ='''=.:-l 
Dual addreu Bits 1-0 GItha IlJCOndary stallon add, ... 

SYN Panern for Transmission/Addrs" Field Check 

• Byte synchronous mode 

Mono-sync SVN .rn for transmission 

Bi.syne SYN allern lor transmission and ion bill 15-8) 

External.sync SVN pattern lor transmission 

• BitsynchronousmcxUt 

Address field nol checked Unused 

HllC Singleackl,.ss1 Unused 
mod. Single address 2 Bils 15-8 of the secondary station address 

Outladdress BilS 15-8 01 the secondary station address 

Acldress Ilek! not checked Unusad 

loop Singteaddress 1 Unused 

""", 4-b11 address Unused 

DueladclreBB Bits 15-8 althe secondary station addrns 

IdlePanem 



G. Built-in Registers (cont.) 

MSCI 

Register 

MSCI time constant register 
(MTMC) 

Address 

oo32H 

MSCI RX clock source register oo33H 

(MRXS) 

MSCI TX clock source register oo34H 

(MTXS) 

Unused 

Unused 
Unused 

oo35H 

oo36H 

oo37H 

Remarks 

RHdIWrIte RIW' RAY ANI ANI RtW RW RW RW 

InIIiIII Val .... ---''-----''-----''--r-.......:--'---=--

v .... Mdlld to Ihe taIHd IiII'MII' (1 -251) 

In~Val .. 

_clIOd< ... ... 
000: RXCM ... inpu 
010: RXCMlNqM(noIM~) 
100: InterN! bMtd rata ganerator (BRG) ouIpUI 
110: ADPLLCIUIJM 

(BAG o1iputfor ADPLLo.-flIIino cbck) 
111: AOPLLoutpW (IIXCM'''' ~""ADPLL __ 

OIh.,.: Reserved 

rrnmn QIpGk SOUg 
CIOO:TXCM ... .... 
lGO: InIemII baud .... " ..... 11IIOr (BAG) oufpUI 
110: RKelverclock 
0IMn: ReHtwd 

ReceiBludRilte 
-ClDckdhlllionratio 
0000: 111 
0001: 112 
0010: 114 
0011: 1/8 
0100: 1118 
0101: 1132 
0110: 1184 
0111: 11128 
1000: 11258 
1001: 1.1512 
Others: RMervecI 

Ire"'"" BIyd fWt 
-ClDckdlvlllonrllllo _'M 
0001: 112 
0010: 114 
0011: , .. 
0100: 1118 
0101: 1132 
0',0: 1184 
0111: 11128 
1000:11258 
1001: 1.1512 
0It\8,.: ReearwId 
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G. Built-in Registers (cont.) 

ASCIICSIO 
Register 

ASCI TXJRX buffer register 
(TRB) 

ASCI status register 0 
(S1'O) 

ASCI status register 1 
(STl) 

ASCI status register 2 
(S1'2) 
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Address 

0038H 

0039H 

003AH 

003BH 

Remarks 
7 • 

1::-
TAB7 I~I 1'AIIII Imw 1 TRB3 1 TIe I -, ""'" 

-... RIW RIW RIW RIW RIW RIW RIW RIW 

I,.... v ... X x 

Tr.::::L buffer vaIut 

7 • 

A A 

InIlIliVaIuI ~ o 
I R~ !l!!ID!I!!!!I!! .!!!!!!!!l!!!mI .:AX_ ... _ ':AX __ -0: TXlnWrupCftOI 0:=" ....... _ -':1X_ 1: ........ ... 

-... 
1n.IIIYaIu. 

I:: .... 
-... .......... 

-
I COTS I 

A RIW 

1l!..!!!!!!l. 
0: Tranamllbuhr ........ 
1: Tr"""bufter ..... 

RIW RIW RIW 

T~~ .~~ iri~~ 0: TXnotidle 
1:TX~ 

PM!' 

RIW 

1: Une ..... chanpd 1: BrNkINld ..... 

PE 

RIW 

DCQAI.i'!!I.!v!IC!!!ng! 
G:-Lhele¥elnolchangecl 
1: LM IrIeIcMnged 

RIW RIW 

BrMkSWtD!l!allon 
• AlynchI'OtlOUl made 
O:ar.klllll'll'lClldelecled 
1: BruktMrtcllleclld 

· i ·~·Ui · · __ ClvIIr1mim1r. 

ParlyAlP bit value 0: No owrrun erI'OI' d.cecud 
0: ParlylMP bit v ..... 0 1: Overrun '"'" detectM 
1: ParIlyJMPbllVlllutl -0: Noframi'lgerrordelecled 

1: Fnamil'lQl error dMcted 

f!!!Ir.br 
0: NopdyMl'Ol'dllleCled 
t: Par.,.rat dMecIed 



G. Built-in Registers (cont.) 

ASCVCSIO 

Register 

ASCI status register 3 

(STI) 

Unused 

Address 

003CH 

003DH 

ASCI interrupt enable register 0 003EH 

(lEO) 

ASCI interrupt enable register I 003FH 

(lEI) 

Remarks 

I "YO" 

Inltl.IValua 

In~ial Value o o 

~ 
TXINT Interrupt Enable 
o. Disable 

I 1: Enable 

I "YO" 

ReadM'tite 

InitlalValua 

AXINT Interrupt Enabl. 
O.Disabl. 
1: Enable 

IDLE 

IDL Inl.rruet Enabla 
0: Disabl. 
1: Enable 

CTS 

x 

- I 
CTSA Input Line Level 
0: CrSA IlnBIow 'evel 
1: CrSA Une high level 

= I mNBl I AXENBll 

o 

I 
TXEnabl. 
0: Disable 
t: Enabl. 

DCoA Input una Level 

0: DCOAfinelowlevel 
1: DCDA lina high level 

RXEnable 
0: Disable 
1: Enabl. 

o 

,--J 
CCTSlnterrupt 
Enable 
0: Disabl. 
1: Enable 

o 

,-----J 
TXROY Interrupt Enabl. 
0: Disabl. 
1: Enable 

RXRDY Interrupt Enable 
0: Disable 
1: Enable 

o 0 r I 
BRKDlnterrupt 
Enable 
":hronous 

0: Disabl. 
1: Enable 

I BAKEE 

coco Interrupt Enable 
0: Disable 
I: Enable BAKE Interrupt Enable 

• Asynchronous ..-
0: Disable 
1: Enable 
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G. Built-in Registers (cont.) 

ASCVCSIO 
Register Address 

ASCI interrupt enable register 2 OO4OH 
(1E2) 

Unused 

ASCI command register 
(CMD) 

ASCI mode register 0 
(MDO) 

ASCI mode register 1 

(MD1) 
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0041H 

0042H 

0043H 

OO44H 

Remarks 

-~ ... -
.-.... .......... 
000D01: TX,... 

000010: 'IX ..... 

000011: ned ..... 

001000:"bllon 
001001: ncwr... .. 

• • 

w w 

....!.-
. --010001: AX ..... 

010010: AX ....... 

O10011:RX ..... 

010110: 8NIdI UP bI 

w w w w 

·0III0r ........ 
100001: a.nn.I,... 
...... :110_ 

""--
-... fWI fWI fWI fWI fWI fWI 

-... 

T 
!l!iR.lIU!!!II! ._modo, 
00:1. 
10:2_ 

.=.,-

7. 1 .. :1 I 10 

fWI fWI 

~ 
!I!!..!!I!!! .-..... 00: 111 of cb:k,... 
01: ,,,Iofcb:lk;,.. 
10: 1J32a1okJck,.. 

fWI fWI fWI fWI fWI fWI 

~~~ Tr!n!m1a...rLMt! ...... 9I!!r!M~ 
00: 8 bbIcMnIcter 00: • bIM:harIaIr 
ot:7b11M1t1an1c1er 01:7~ 

I 
11: 11840fclDckMle 
·Clacllldlllillmodrl 
'"-btl thouId .... 10 GO. 

P!!'IIyJMuIIprpgtypr Mpd! 
00:110_01 O1:UPbI ___ ",_ 

10: EvenpMlr ~andchlcbcil ":Odd __ .... _ 



G. Built-in Registers (cont.) 

ASCI/CSIO 
Register 

ASCI mode register 2 
(M02) 

ASCI control register 

(CI'L) 

Unused 

Unused 

Unused 

Address 

0045H 

0046H 

0047H 

0048H 

0049H 

Remarks 

I=-----

I=---... 
""'"'v_ 

I - I - I - I -

1 

- -
1 

- -

1 • I- I - lacn lacml - -• • 
T 

~ConnedIo" 
00: Fullclupia 
01: AuIo4cho 
10: Aturwd 
,,:t.oc.Jloop-OIc:k 

1 
- -

1 

- i!iii 

- -• 
I _ .... 

R!c!u.t to Send .--- u:J!i'i'SA1Dw1ewl .'011""' .... _) output 
1: OnCBreIIkHnd) "_'."" .... • Clocked H"'" mode ...... 
SeI .... blltDO 
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G. Built-in Registers (cont.) 

ASCIICSIO 
Register 

ASCI time constant register 
(TMC) 

ASCI RX clock source register 
(RXS) 

ASCI TX clock source register 
(TXS) 

Unused 
Unused 
Unused 
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Address 

004AH 

004BH 

004CH 

004DH 
004EH 

004FH 

Remarks 
7 • • • • • , 

I=-- I~ 1~1~1TMC41~1.-11MC'1 TUrRI 
........... RIW RIW "'" "'" RIW "'" RIW "'" 
Inl",VaJu. 

FWIoM TlrntrV ...... (1 -258) 

I::.s,,~ I - 1 RXCSZI AXes, 1 AX= 1 - 1 - 1 -
-... "'" !WI !WI 

Initial Value 0 

I I 
RecEve Cfodt Source AX MuterISIaM Mode StIIcI 

• AeynchlOnol/S~ • CIocked .. rIaI mode 

000: AXCAhlnput 
_ .......... 

100: ltHmel baud nile pnetator 100;""'mode -- OIhara: AeMfWd 
0IrI,,.: ReHI'vMI 

• 5 • • • , 0 

I=-- 1 
- ITXC021 TXes, I TX= I ~ I ~ 1 ~ I ~ I --tlhIa!VaIue 

Tran!!!!1 etc!. Source 
• Asynchronous mod, 
000: TXCAlneinpul 
100: Internal baud rate 

_(BAG) ...... 
0lhenI: RtMtved 

!WI !WI !WI 

I 
TIC MuterISIav! Mode Seled 
• CIoc:ked .. rialmodt 
000: Slave modi 
100: Mllltermodt 
OIhell: AN,MId 

!WI !WI !WI 

I .... -
!WI 

o CIoc::kdlvllionrllio 
0000: 111 0101: 1132 
0001: 1t.2 0110: ,,... 
0010:'14 0111: 11128 
0011: 118 1000: 11256 
0100:1118 1001: Mt12 
0Ih.,.: RtlseMld 



G. Built-in Registers (cont.) 

Timer (channel 0) 

Register Address 

Timer up-counter channel 0 0050H 

(TCNT channel 0) 

TlDler constant register 0051H 

channel 0 (TCONR channel 0) 

Timer controVstatus register 0052H 

channel 0 (TCSR channel 0) 

Timer expand prescale register 0053H 

channel 0 (TEPR channel 0) 

Remarks 

ReadlWrit. AIW AIW AIW AIW AIW AIW RIN AIW 

InitiaiVaiUII 

ReadlWr!te W W W W W W W W 

InIlIaIV.Iu. 

.. -I ctJF ECMI I - ",.. TOS, T060 CI(8' CI<8O 

ReadJWrIt. "'" "'" "'" "'" "'" "'" 
InlU.IValue 0 0 0 

';r ~t. Match A!; ~""' ...... I~CIockS.11ICt 

0: TCNT r.nd TCONR O:Count.top OO:8C 

III'" not equal 1: Counl fiart 01: BCI8 

1: TCNTand TCONR 10: BC/128 

111111 equal 11: Extt!rnal ..... nt 
count.lgnai 

CMF Interrupt Enable 

O:Oluble 
1: Enllbla 

BlName' EEP I -
ReadNlrite AI'N 

Initial Value 

Enab18 Expand Pr..cater 

0: CIockIa .. l8c:ted by the CKS1-o bits In TeSR 
1: Clock Is uleded by the ECKS2..()bih In TEPR 

TlmerOU!p!!!SeIect 

00: 0Utp~ fIXed to 0 
01: Toggllld outpUl 
10: OUtput 0 
11:OUtputT 

EC1<S2 I ECKS, I ECKS<> I 

Expand Clock Input Select 

000: Be 
ool:BC12 
010:BCl4 
011: 8C18 
100:80116 
101:8CJ32 
110:BCJ64 
11':BCI128 
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G. Built-in Registers (cont.) 

Timer (channell) 
Register 
Tuner up-counter channell 

(TCNT channell) 

Tuner constant register 

ch~ell (TCONR channell) 

Timer controVstatus register 

channell (TCSR channell) 

Tuner expand prescale register 

channell (TEPR channell) 

570 HITACHI 

Address 

0054H 

0055H 

0056H 

0057H 

Remarks 

RaadiWrIle AIN AIN AIN 

Initial Value 

RaadlWrl. W W W 

InlialVaIue 

BllNam. I eM' ECMI I -_.o. R RIW 

InllalVaJua 

ComoareMalchE!!g 

D: TCNT and TCONR 
antnotequlll 

1: TCNTand TCONR 
_equal 

eMF Interrupt Enable 

O:Dllabla 
1:Enab" 

alNam·1 EEP I -
_rile AIN 

InllialValua 

Enable Expand Preecaler 

AIN AIN AIN AIN AIN 

W W W w W 

"!ME TOO' TOSO CKS' CI<SO 

AIW ANt RIW AIN AIN 

0 0 0 

I~ I 
11m_Enable ~ClockS.lect 

0: Count stop OO:BC 
1: Countatart 01:BC18 

10:BCl128 
11: External event 

count_lgnai 
Tlmer OUtput Select 

00: OutplA: fbclldto 0 
01: Toggled output 
10; 0Utp .. 0 
11:0UIp1A:' 

ECKS2 I ECKS1 I ECKSO I 
ANt RIW AIN 

0: Clock le..t.cted by the CKS1.o bits In TCSR 
1: Clock Is .. Ioctec:l by the ECKS2-o bits in TEPA 

Expand Clock Input Select 

OOO:BC 
oo1:BC12 
010:8014 
01':BCt8 
100:BCi16 
101:8C132 
110:8C184 
11':BCl128 



G. Bunt-in Registers (cont.) 

DMAC (channel 0) 
Register 
Destination address register 
L channel Olbuffer address 
register L channel 0 
(DARL channel 0/ 
BARL channel 0) 

Destination address register 
H channel Olbuffer address 
register H channel 0 
(DARH channel 0/ 
BARH channel 0) 

Destination address register 

B channel Olbuffer address 
register B channel 0 
(DARB channel 0/ 
BARB channel 0) 

Address 

0058H 

0059H 

005AH 

Source address register 005BH 
L channel 0 (SARL channel 0) 

Source address register 005CH 
H channel 0 (SARH channel 0) 

Source address register 005DH 
B channel O/chain pointer base 
channel 0 (SARB channel 0/ 
CPB channel 0) 

Remarks 

SfnP-bIoc:ktranlftrmodtl --, 
SIngIHIock IranIIIIf mode 
(0' ........... , 

ChalnecI-bIodc.lnlnellr ..... 

SlngIe-bIocktransllrmodli 
(dual add .... ) 

Single-blocktraMIermodil 
(slngJeaddreu) 

CNlntd-bIock trMat" ..... 

23 1816 87 0 6]]8 T H T LITa 
I I I I I I I I I I I I I I I 

: : : : 

IJnuHd -- ...... DAR&. 

....... BAAl! ...... .... L 

1815 8 T 0 6]]B T H T Lillj 
1111 1111111 1111 

: : : \ : 

Un .... SAAB ..... ..... 
Un .... CI'II U ...... U ...... 
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G. Built-in Registers (cont.) 

DMAC (channel 0) 

Register 

Current descriptor address 

register L channel 0 

(CDAL channel 0) 

Current descriptor address 

register H channel 0 

(CDAH channel 0) 

Address 

005EH 

005FH 

Error descriptor address register 0060H 

L channel 0 (EDAL channel 0) 

Error descriptor address register 0061H 

H channel 0 (EDAH channel 0) 

Receive buffer length L 

channel 0 (BFLL channel 0) 

Receive buffer length H 

channel 0 (BFLH channel 0) 

0062H 

0063H 

Byte count register L channel 0 0064H 

(BCRL channel 0) 

Byte count register H channel 0 0065H 

(BCRH channel 0) 

Unused 

Unused 
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0066H 

0067H 

Remarks 

SI.IeobIocktranaf8rmode 
(dUll addtest) 

Single-blodt tranafar mode 
( ............ ) 

Slngktobbcktranllermodl ( ..... _ .. ) 
SIngIHbck lranller modt (_ ...... ) 
CheIne6tIIock1r .... r 
modo 

Slngla-blodl:1ran8fermode 
(--) 

Sl~tranalermod. 
(ling" add ..... ) 

trn" T LI@ 15 8 7 0 

IIII IIII 
: : : 

Unused 

15 8 7 0 rrTl" .. L~ 
~llllllll 

U ..... Un",.d 

EDAH Eo.. 

trn" T LI@ 15 8 7 0 

IIII IIII 
: : 1 

Unused u ..... 

""""- toMsct u ..... u ..... 
lran"'r mode MSClto memory BFLH BFLL 

trn" T LI@ 15 B 7 0 

IIII IIII 
: : : 

Singl,-block transfer mode i (dual add,...) 

SlnglHloc:k transfer mode 

""'" BCR. (slngleaddrns) 

Chained-block1l'lnsl., i modo 



G. Built-in Registers (cont.) 

DMAC (channel 0) 

Register 

DMA status register channel 0 

(DSR channel 0) 

DMA mode register A 

channel 0 (DMRA channel 0) 

DMA mode register B 

channel 0 (DMRB channel 0) 

Address 

0068H 

0069H 

006AH 

Remarks 

SIngIHbdctrane(er 
moH(d ... add ..... ) - - -Sfngle-blDdctranaler EaT - - DE DINE 
mod. (II ... """) 

CNlned-block.....,III., ..... EOM IIOf OOF - - - w 
Inltlalv.lu. 0 -o r I 

EndalT ....... -- ~ 
O:DI.-! • 
I:En.bII 

O:TrMlfernotcompltted 
1: TranII.,compIeIed 

• Chalned-black trarm.r 
0: ErrornaldMtd:1Id 

stngle-blocklnln,t.' 
moda(dual acIdnIq) 

Slngle-blockIl1lnst., 
mode (.lngltadd,....) 

Chalned-bloc:k nnsfII, ..... -InItWValue 

Singlt·bIocktranlf.r 
n'IDde (duaJ add .... ) 

SlnglHllDckt...,.,... 
mode (sing" add,. .. ) 

Chalnad-block tranIItIr ..... -. 
In/!IalVa/u, 

I 

1: ErrardMected 

Buff.r 0y!r!!DwI!.Jnd! 

• CheIMd block 1r .. 11« 
O:Errornotdetecled 
I:Errordehlcled 

End of FtIIN T,WI_ 

• Ctaalned-blocktranlllll' 
0: Fram. trantfer not compilled 
1: FIIm,1r8nsfer completed 

-r--
RSEL1 RSEUI 

- -
DMA Transfer R!guat 
So .... 

AMOO 1MCO 
RT 

- - -
.. -00: Ext.rnaI line 

01:Ret8MKI 
10:MSCI 

(.lngle addreuy 

11: R818MId 

ChalnecJ.blockmod .. 
0: MSCIICI memory 
t: Memory to MSCI 

DMATranlferMode 

00: $1ng1Hlock tranmr 
(linor-add,...) 

01:Chelnec:f.blocktranlfflt 
10: SIng .. bbcktransfer 

(dualaddreul 
11:ReuMMf 

-
-

IF -

DE M Wrb En!b!t 
0: Enable 
1: Dlubil 

CN1E OMS 

- -
DREQlnputMocf. 

oSinale-blcx:k 
(~addreu) 

0: QB§9 kwaluntlltt. 
1: DREOedge •• nsltive .... -
(--y 
C2tainecf.b1ac:modu 

Setlhlsblltoo. 

FramH:nd Interruflt-Courilw Enelel 
DIIiti .. 
.SIngIe-Glod!.lr.Inller 
( .... ,.. .... _) 

S.t1hltbl100. 
o Chllnlld-blodttraneftet 
0: Fram...nd IntefNPI-eoum.r diNbled 
1: FrarrNI-and int8rrup1-eounter .nabltd 

Numl:ltroiDMAFrama 

·ChaIned-blocktrBnlfe,. 
O:S/nglelflllTMl 
I:MuttHran'lll 

DM1 SIot1 .... MMCD 

- - - - -
Dellinllion (lddras tncNmtI'\t or decrement) 

~~Ol 
Source (Iddr!!e ir'IcnmMI or deal!lM!t) 

• SIng"'bIocfl (dual add,...) 
00: Memory (+1) 
01 : Memory (-1) 
10: Ihmory (ftxed) 
11: LO(fiHd) 

.Stng ... bIocfl(dualmdrftS) 
00: Memory (+1) 
01:Mtmoryt-1) Modelor~ 
10: Memory (fIud) nMif8fi 
11: LO (fixed) 

• Single-block(dull IIddreu) "'''''''"_ ..... 1:8nrnode 
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G. Built-in Registers (cont.) 

DMAC (channel 0) 

Register 

Frame-end interrupt-counter 
channel 0 (Fer channel 0) 

DMA interrupt enable register 

channel 0 (DIR channel 0) 

DMA command register 

--channel 0 (DCR channel 0) 

Unused 

Unused 
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Address 

006BH 

006CH 

006DH 

006EH 

006FH 

Remarks 

-­mocre(dual edit,...) _.­
-C ...... -I 
Cbainecl-blDck.,."..., --_,. 
InIttIIVaJue 

SingJe.bloc:ktranster 
mod",{dualaddr8S8) 

Slngle-blocklranafet 
mod. (single address) 

FCT3 FC'J2 FCT1 RmI 

R R 

I 
Frame-End IntemlpI-Counler valu" 

EOTE 

Chained-block transfer -. EOME BOFE CCFE 

RoadIWrite 

lnitialVa!ue 0 

I 
Transfer End Interrupt 
Enable 

0: Disable 
1: Enable 

Single-block tranaler 
mode(dual add,. .. ) 

Single-block Iransfer 
mode,sl""" address) 

Chalned·blDc:ktranllar -. _ ... 
Initial Value 

Command Name 

ErampTranlltrEodlnttrruR' 

~ 
• Chained-bIoc:k transfe, mode 
O:OIaabla 
1; Enable 

Fundi ... 

RiW 

Q 

I 
Count.rOVerflow 

InterrupiEnable 

• Chained.-block lrana'.r mode 
o=m.atJIe 
1: Enable 

Buffer ~rflow/Und.rflow 
1nt8ITuptEnable 

• Chained·black tranater mode 
0: Diaable 
1: Enable 

w w 

-=-r 
CommandSpecl!ic!lion 
01: Softw .. abort 
10: FramHnd Interrupt­

counter-c ..... 
Otht ... :Reurwd 

Software.bon (OIH) lniria1i..,. the comsponding DMAC ch .... 1 (see ftgUt< 6-2). All 

DMAC registers maintain their previous value. 
Frame-end in_t­

counter-clear (02H) 

Clem the ftame-end inlemlpt-<OUD .... (FCl") of the comsponding 

DMAC channel to OH and the BOM bit in the DSR to o. 



G. Built-in Registers (cont.) 

DMAC (channell) 

Register 

Destination address register 

L channel llbuffer address 

register L channel I (DARL 

channell/BARL channell) 

Destination address register 

H channel Ilbuffer address 

register H channell (DARH 

channell/BARH channell) 

Destination address register 

B channel Ilbuffer address 

register B channel I (DARB 

channel I/BARB channell) 

Address 

0070H 

0071H 

0072H 

Source address register 0073H 

L channell (SARL channell) 

Source address register 0074H 

H channell (SARH channell) 

Source address register 0075H 

B channel 1Ichain pointer base 

channel I (SARB channel 11 
CPB channell) 

Current descriptor a.d.dr-ss 

register L channel I 

(CDAL channel I) 

Current descriptor address 

register H channel I 

(CDAH channell) 

0076H 

0077H 

Remarks 

Sing .... bIock transfer mod. 
(duaiaddraM) 

Slnglft.block transfer mod_ 
(sing" addre"l 
ChalnlKl-blocktranlf.r 
mod. 

Slngla-block transfer mode 
(dualaddru.) 

Single-block Iran •• , mad. 
(Sing" address) 

Chalned·bIock tranBf.r 
mad. 

Single-block transfer mode 
(dual address) 

Slngle-block transfer mod. 
(single address) 

ChalnlKl-blocktransf.r 
modo 

6TI B 'I' H 'I' L rm 23 16 15 8 7 0 

IIII IIIIIII 1111 
: : : : 

Unuttd DARB DAAH DAR. 

U ...... BARB BARH BARL 

23 1615 8 7 0 6i]B T H 'I' L[@ IIII IIIIIII IIII 
: : : : 

Unused BARB BARH SARL 

UnuslKl CPB Unusad UnuMd 

15 8 7 0 rillH .0 LTIn 
~IIIIIIII~ 

Unused Unusad 

CDAH COAL 
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G. Built-in Registers (cont.) 

DMAC (channell) 

Register Address 
Error descriptor address register 0078H 

L channell (EDAL channell) 

Error descriptor address register 0079H 
H channell (EDAH channell) 

Receive buffer length L 007 AH 

channell (BFlL channell) 

Receive buffer length 007BH 

H channell (BFLH channell) 

Byte count register L channell 007CH 

(BCRL channell) 

Byte count register H channell 007DH 

(BCRH channell) 

Unused 007EH 

Unused 007FH 

DMA status register channel 1 0080H 

(DSR channell) 
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Remarks 

_.­-

Single-block Iran ..... mod, 
(duaiadclNn) 

Slngll-bfocktranlf.rrnoct. 
(11nglll acktrfIul 

Chaht«f.bbck " • ., ..... 

............ -_(cIuII_l --..... (----..... 

EDAM EDAL 

15 8 7 0 rillH T LIra [III 1111 
: : : 

"""" 
! 

BCII. 

• 
- - -ear - -

EOM IICF CCF 

AN! MY WN AIW 
InlilltYalul 0 • r I 
~ ~ 

1 • 
DE iiM! 

_ W 

• 
I 

Il!!U!!!l!! 
0: TrwIII .. not compIIttII 
1: Tl'll'llfer 0DI'IIp/eIIId 

• ChIIntd-block nnnr 0: DIHtII. 
O:EnarIlOl...... 1:EMbie 
1:Emwd~ 

Bu!I!rOv!r!IDwIU!!d!r!Ipw 

• CNInecI btoc* 1raIII. 
0: Error natdlltded 
t:Enordeltctecl 

End or F,.,..,.,..., 
·ett.lned-block ....... r 
0: Frame • ...,., not CDmpillld 
1: F .......... DGmpIIIed 

DEPwrteEftlblp 

0: EnIbIt 
1:DIIIbIe 



G. Built-in Registers (cont.) 

DMAC (channell) 

Register Address 
DMA mode register A channell 0081H 

(DMRA channell) 

DMA mode register B channel I 0082H 

(DMRB channell) 

Frame-end interrupt-counter 

channel I (FCf channell) 

0083H 

Remarks 

Slngle-blocktranlle, 
mod, (dual address) -_ ... .,., 
mode (single add, ... , 

Chained-blocktran ... , -
-

f--
ASEl, RSELO ANIJO NOD 

Rr 

R.W R.W R.W R.W R.W 

DMA Tt.".,. R!cNHt 
~ 

o~ 
DMATranaftrDlr!ction 

.Single-block 
00: External line 
01: A .. eMId 
10:MSCI 
1':RliI8lV8Cl 

(Iingll addIus)l 
Chalntd-blockrnodel 
0: MSCI to memory 
1 : MemcHy 10 MSCI 

pMATI'!!!IftrMDdt 
00: SI ....... tnlr'Iftr 
C_-) 

01:ChUMIcf.bIocktral'lllfer 
10: SlnglMkdctranlfer 

(dual add ..... , 
It:Ruerved 

-
r--

IF 

a<TE DMS 

R.W R.W 

D'AEQ Input Mode 

oSitlgll-block 
(~add""'l 

0: Mea level .. nlillv, 
t: DREO edge sanallille 
oSingle-block 

(.lngleadd,...y 
Chalned-blockrnodH 

s.tthlabliIoO. 

Frame-End 1nIM'Uf!!-Oounler Enable! 
D ..... 

·sqJlt.blocknn"., 
(slnCJleldUill addreIl) 

Set this bit to O. 
• ChsNd-blodt tr...rte, 
O:F...,.,HNId/nterrupl-counterdisab/1id 
1: Frame-end lnIem.IpI-COUnlerenabled 

Null'lberofDMAFIWI'I8I 

• Chllinedoblock l,.nsfl,. 
0: Slnglltraml 
1: MultJ.lrame 

Sing ... blDcklfllnlfer 
mode (dual addfHI) 

Sing!.black-.r.r 
moct. (lingle addnIII) 

OM' SUI .... MID> 

Chalned-bkJck tnINIfer -............ R.W R.W R.W R.W R.W 

initial Value 1 1 0 0 

r-----------==r-~ ~ I I . 
Dullnatlon ladd ..... 1ncf't1Mnt or dllCfMllntl $ouree !-'d,...lnCnm8til 01' decfllmenl) 

• Single-block (dual addrua) • Slngle-btodt (dual add,...) 
00: Mtmorv (+1) 00: Memo" (+1) 
01:_1-') 01:110....,.1-1) 
10: MImOry (fIgeI) 10: MamaIy (filled) 
11: 110 (fixed) 11:LQ(ftud) 

• ........... c .... _) 

SinglHklck I"""" 
mode (dIMIatd ..... , ---C_-) 
Chllned-bloc* tranlfer --.. _V_ 

- -- - -
FCI3 

0: CydI ... 111 mod, 
1: Bur.l mode 

- - -

""" FCT1 fCII) 

R 
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G. Built-in Registers (cont.) 

DMAC (channell) 

Register 

DMA interrupt enable register 

channell (OIR channell) 

DMA command register 

channell (OCR channel I) 

Unused 

Unused 

Reserved 
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Address 

0084H 

0085H 

0086H 

0087H 

0088H 

I 

OODFH 

Remarks 

SIno--_(du"_l ._-
mode (IIngllllddren) 

~ ....... -"­initial Value 

- - -
EOlC - - - -

E<lME BOFE CClFE 

RIW FWI ANI RNI 

o 

I 
TrllnsfefEnd Inbtrrupt 

1 k_~ ~ 
O:DINbIe 
l:EMbII 0: DIMbIt 

1: Enable 

Slngll-bbctltr ....... 
mocle(ctu.I.tdrea) _ ....... 
modo( .... ,.-l 
Chlined-blockklnefer ...... 

Command Name 
SOftW8I'O ,bon (OIH) 

Frame-end inlOmlpt· 

counter-c:lear (0lH) 

FriO'll TrwItr ,Nt 'nlMDHIl -·Chalned-blacktranlfllrmocle 
0: DIubIt 
l:EnMIIe; 

/ 

- - - -

U.r ev.rtIowIUnderf 
~ 
• ChUlIICf.bIctdIII""'" mocM 
0: DIubIe 
l:EnabIII 

- - CII>I ..... 
w w 

Initialize. the c:onespoacIinJ DMAC cbannel ( ... Ii .... 6-2). All 

DMAC "&is_ mal.llia their PRvious value. 
Clean the _ in_tor (FCl) of the c:onespoacIinJ 

DMAC clwlnel to OH and the 80M bit ;,; the DSR to O. 




