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Preface 

The HD64570 serial communications adaptor (SCA) peripheral chip enables a host 
microprocessor to perform asynchronous, byte-synchronous, or bit-synchronous serial 
communication. Its two full-duplex, multiprotocol serial channels support a wide variety of 
protocols, including LAPB, LAPD, bisync, and DDCMP. Its built-in direct memory access 
controller (DMAC) is equipped with a 32-stage FIFO and can execute chained-block transfers. 
Due to its DMAC and 16-bit bus interface, the SCA supports serial data transfer rates up to 7.1 
Mbits/s without monopolizing the bus, even in full-duplex communication. Other on-chip features 
of the SCA, including four types of MPU interfaces, a bus arbiter, timers, and an interrupt 
controller, provide added functionality in a wide range of applications, such as private branch 
exchanges, computer networks, workstations, ISDN terminals, and facsimile. 





How to Use This Manual 

This user's manual describes the functions, performance, and usage of the HD64570 serial 
communications adaptor (SCA) as a general-purpose communications control chip. 

This manual consists of eleven chapters and an appendix. 

- Section 1 Overview 

This section outlines the functions, performance, and internal structure of the SCA. 

- Section 2 Pin Arrangement and Functions 

This section shows the pin arrangement and lists the functions of each pin. 

- Section 3 System Controller 

This section describes the operating modes of the chip (reset mode, normal operating mode, 
system stop mode), the bus arbiter functions, and the bus interface needed for interfacing with 
ahostMPU. 

- Section 4 Interrupt Controller 

This section describes the SCA's interrupt control logic, on-chip interrupt sources, vector 
output (fixed and modified vectoring), and acknowledge cycle. 

- Section 5 MSCI (Multiprotocol Serial Communication Interface) 

This section gives a general description of the asynchronous, byte-synchronous, and bit­
synchronous communication protocols supported by the built-in multiprotocol serial 
communication interfaces (MSCI channels 0 and 1) that implement the main functions of the 
SCA, and shows the register settings for various communication functions. 

- Section 6 DMAC (DMA Controller) 

This section explains the single- and chained-block transfer modes supported by the built-in 
direct memory access controller (DMAC channels 0 to 3). Internal register functions and 
settings are also described. 

- Section 7 Timers 

This section explains operating modes and register settings of the built-in timers (channels 
0 to 3), which generate internal interrupts. 



- Section 8 Wait Controller 

This section describes the built-in wait controller, which inserts wait states during memory 
access to one of three physical address spaces. Details about the associated internal registers 
and WAIT pin are also provided. 

,,__ Section 9 Application Examples 

This section shows examples of software routines and circuits in some typical applications of 
the SCA. 

- Section 10 Electrical Specifications 

This section lists the SCA's electrical characteristics (absolute maximum ratings, DC 
characteristics, AC characteristics) and provides timing diagrams. 

- Section 11 Package Dimensions 

This section shows the dimensions of the SCA package. 

- Appendices Descriptor and Register Tables 

These tables list the names and bits of the descriptors used in DMA transfer, and the names, 
addresses, and bits of all SCA registers. 
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Section 1 Overview 

1.1 Overview 

The HD64570 serial communications adaptor (SCA) converts parallel data to serial data for 
communication with other devices. Its two independent, full-duplex transceivers support both 
synchronous (bit-synchronous or byte-synchronous) and asynchronous communication. Extensive 
protocol functions are provided. 

The SCA chip provides FIFO transmit and receive buffers with 32 stages each and a four-channel 
direct memory access controller (DMAC) with chained-block transfer facilities, enabling high­
speed transfer of data between SCA and memory. A built-in bus arbiter and 16-bit bus interface 
support high-performance system designs. 

1.2 Features 

Data transfer rate: 50 bits/s to 7.1 Mbits/s 

Protocol support 

- Asynchronous (ASYNC): 5 to 8 bits+ parity 
- Byte synchronous (COP): bisync, X.21, DDCMP, etc. 
- Bit synchronous (BOP): HDLC, SDLC, X.25 link level (LAPB), LAPD, BOP loop, etc. 

Highly efficient data transfer: two 32-byte FIFOs (transmit/receive) per channel 

Error detection: parity (asynchronous) 
CRC-16, CRC-CCITT (byte- and bit-synchronous) 

Transmission codes: NRZ, NRZI, FMO, FMl, Manchester 

Operating modes: normal operating mode (full-duplex), auto echo, local loop back 

DMA transfer: on-chip DMAC with four channels and chained-block transfer capability 

Address space: 16 Mbytes 

Bus interface: connects to 64180, and three types of 16-bit MPU buses 

Timers: time-out detection, etc. 

Power supply: 5 V ± 10% (-20 to 75°C) 



1.3 Basic Functions 

Table 1-1 Major Functions of the SCA 

Item Specification 

MSCI 
(multiprotocol 
serial 
communication 
interface) 

Maximum data transfer 7.1 Mbits/s 
rate 

Bus interface 

Number of channels 

Operating modes 

Protocol functions 

Error detection 

Transmission codes 

FIFO 

Clock sources 

Modem control 

ADPLL (Advanced 
digital PLL) 

Baud rate generator 

MPU modes 

Data bus width 

Address bus width 

2 

Normal operating mode (full duplex) 
Auto echo mode 
Local loop back mode 

Asynchronous: 5 to 8 bits, parity (odd, even, or none) 
Byte synchronous: mono-sync, bi-sync, or external 
synchronization 
Bit synchronous: HDLC mode, loop mode 

Five types (parity error, framing error, CRC error, 
overrun error, underrun error) 

Five types (NRZ, NAZI, FMO, FM1, Manchester) 

Transmit-32 bytes/receive-32 bytes 

Internal clock sources: 

1. On-chip baud rate generators can generate 
arbitrary baud rates (independent transmit/ 
receive baud rate generators are provided for 
each channel) 

2. On-chip digital PLL (independent ADPLLs for 
each receive channel) 

External clock 

On-chip advanced digital PLLs: 

1. For extraction of clock signals 
2. For suppressing noise in received data and 

clock signals 

On-chip (independent transmit and receive baud 
rate generators for each channel) 

Four externally selectable modes: 

1. 80-system 16-bit MPU 
2. 64180 
3. 68-system 16-bit MPU~: two modes 

8or16 bits 

24 bits 

2 



Table 1-1 Major Functions of the SCA (cont) 

Item 

DMAC 
(direct 
memory 
access 
controller) 

Timers 

Interrupt 
controller 

Wait state 
controller 

Bus arbiter 

Low-power mode 

Maximum system 
clock rate 

Signal level 

Supply voltage 

Process 

Package 

Specification 

Number of channels 4 

Transfer modes DMA transfer between memory and on-chip MSCI: 

1. Single block transfer (asynchronous, byte­
synchronous, bit-synchronous modes) 

2. Chained-block transfer (bit-synchronous mode) 

Minimum transfer cycle 3 clocks 

Number of channels 4 

Counter length 16 bits 

Acknowledge cycle Programmable: 

1. Nonacknowledge cycle 
2. Single acknowledge cycle 
3. Double acknowledge cycle 

Vector output mode Programmable: 

1. Fixed vector output mode 
2. Modified vector output mode 

On-chip (register programmable, or external line control) 

On-chip (can be daisy-chained) 

System stop mode supported 

10 MHz 

TTL-compatible 

+5 V ± 10% (-20 to 75°C) 

CMOS 

CP-84: 84-Pin PLCC (plastic lead less chip carrier) 
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1.4 Block Diagram 

INT 
Inter-
rupt 

INTA con-
troller 

HOLD/BUSREQ 
HOLDA/BUSACK Bus 

Ar bi-
BUSY ter 
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WAIT 

cs 
WR/R/W 
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RESET 
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Timers 
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CPU modes 1, 2, and 3; inverted CLK in 
mode 0) 

Figure 1-1 Block Diagram of SCA 
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Figure 1-3 DMAC Block Diagram (one channel) 
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Wait control signal 
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Figure 1-5 Wait Controller Block Diagram 

1.5 Protocol Support 

1.5.1 Asynchronous Mode 

Item Description 

Character length 5 to 8 bits 

Parity Odd or even parity or no parity 

Stop bits 1, 1.5, or 2 

Transmit/receive clock 1 x, 16x, 32x, or 64x mode 

Error detection Parity errors, overrun errors, framing errors 

Break signal Can generate break signal of arbitrary length 

Break detection Detects beginning and end of break 

Multiprocessor support By MP bit 
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1.5.2 Byte-Synchronous Mode 

Item 

Character length 

Error control 

Synchronous characters 

External synchronization 

Synchronization 

Underrun 

Idle 

Error detection 

1.5.3 Bit-Synchronous Mode 

Item 

Character length 

Error control 

Bit pattern 

Frame subdivision 

Address field 

End of frame 

Data input/output 

Residual bits 

Short frame 

Underrun 

Idle 

Loop mode 

Description 

8 bits 

Generates and checks CRC codes (CRC-16, CRC-CCITT) 

1 or 2 characters 

Supported 

Can transmit, detect and delete SYN character 

Idle, or CRC + idle output 

Mark or SYN character output 

CRC error, overrun, underrun 

Description 

8 bits 

Generates and checks CRC codes (CRC-16, CRC-CCITT) 

Detects and generates flag, abort, and idle 

Detects subdivision flag (single flag) between frames 

Four address field checks (can recognize group addresses and 
global addresses) 

When EOM is received 

Zero insert/delete 

Detects residual bit frames 

Detects short (invalid) frames 

Abort + idle, or FCS + flag + idle 

Mark or flag 

Supports BOP loop mode 
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1.6 Built-In Registers 

1.6.l Low-Power Mode Control Registers 

Address 

CPU Modes CPU Modes Initial Value at Hardware Reset Read/ 

Register Name Symbol 0&1 2&3 MSB .. .,. LSB Write 

Low power register LPR OOH 01H 0 0 0 0 0 0 0 0 R/W 

1.6.2 Interrupt Control Registers 

Address 

CPU Modes CPU Modes Initial Value at Hardware Reset Read/ 

Register Name Symbol 0 & 1 2&3 MSB ... • LSB Write 

Interrupt vector IVR 1AH 1BH 0 0 0 0 0 0 0 0 R!W 
register 

Interrupt modified IMVR 1CH 1DH 0 0 0 0 0 0 0 0 R/W 
vector register 

Interrupt control ITCR 18H 19H 0 0 0 0 0 0 0 0 R/W 
register 

Interrupt status ISRO 10H 11 H 0 0 0 0 0 0 0 0 R 
register 0 

Interrupt status ISR1 11 H 10H 0 0 0 0 0 0 0 0 R 
register 1 

Interrupt status ISR2 12H 13H 0 0 0 0 0 0 0 0 R 
register 2 

Interrupt enable IERO 14H 15H 0 0 0 0 0 0 0 0 R!W 
register O 

Interrupt enable IER1 15H 14H 0 0 0 0 0 0 0 0 R/W 
register 1 

Interrupt enable IER2 16H 17H 0 0 0 0 0 0 0 0 R/W 
register 2 
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1.6.3 MSCI Registers (1) 

Address 

CPU Modes 0 & 1 CPU Modes 2 & 3 Initial Value at Reset*1 Read/ 
Register Name Symbol Channel O Channel 1 Channel 0 Channel 1 MSB ... • LSB Write•2 

Mode register O MOO 2EH 4EH 2FH 4FH 0 0 0 0 0 0 0 0 R/W 

Mode register 1 MD1 2FH 4FH 2EM 4EH 0 0 0 0 0 0 0 0 R/W 

Mode register 2 MD2 30H 50H 31H 51H 0 0 0 0 0 0 0 0 R/W 

Control register CTL 31H 51H 30H 50H 0 0 0 0 0 0 0 R/W 

RX clock source RXS 36H 56H 37H 57H 0 0 0 0 0 0 0 0 R/W 
register 

TX clock source TXS 37H 57H 36H 56H 0 0 0 0 0 0 0 0 R/W 
register 

Time constant TMC 35H 55H 34H 54H 0 0 0 0 0 0 0 R/W 
register 

Command register CMD 2CH 4CH 2DH 4DH w 
Status register 0 STO 22H 42H 23H 43H 0 0 0 0 0 0 0 0 R 

Status register 1 ST1 23H 43H 22H 42H 0 0 0 0 0 0 0 0 R/W 

Status register 2 ST2 24H 44H 25H 45H 0 0 0 0 0 0 0 0 R/W 

Status register 3 ST3 25H 45H 24H 44H 0 0 0 0 x x*30 0 R 

Frame status FST 26H 46H 27H 47H 0 0 0 0 0 0 0 0 R/W 
register 

Interrupt enable IEO 28H 48H 29H 49H 0 0 0 0 0 0 0 0 R/W 
register O 

Interrupt enable IE1 29H 49H 28H 48H 0 0 0 0 0 0 0 0 R/W 
register 1 

Interrupt enable IE2 2AH 4AH 2BH 4BH 0 0 0 0 0 0 0 0 R/W 
register 2 

Frame interrupt FIE 2BH 4BH 2AH 4AH 0 0 0 0 0 0 0 0 R/W 
enable register 

Sync/address SAO 32H 52H 33H 53H R/W 
register O 

Sync/address SA1 33H 53H 32H 52H R/W 
register 1 

Idle pattern IDL 34H 54H 35H 55H R/W 
register 

Notes: 1. These initial values apply after a hardware reset or execution of a channel reset command. Some 
registers are also initialized to these values by the RX reset command or TX reset command. See 
section 5.2, Registers, for details. 

2. The functions of some bits vary depending on the operating mode (asynchronous, byte 
synchronous, or bit synchronous). See the register descriptions starting in section 5.~ 

3. When bits 3 and 2 of status register 3 (ST3) are read, the logic level of the CTS and DCD lines are 
read. 
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1.6.3 MSCI Registers (2) 

Register Name 

TX/RX buffer 
register 

RX ready control 
register 

TX ready control 
register 0 

TX ready control 
register 1 

Current status 
register O 

Address 

_c_P_U_M_o_d_e_s_o_&_1 ___ c_P_U_M_o_d_e_s_2_&_3 __ l_n_iti_a_I V_a_l_u_e_a_t _R_e_se_t_•1_ Read/ 

Symbol Channel O Channel 1 Channel O Channel 1 MSB ._ • LSB Write*2 

TRBL 20H 40H 21H 41H x x x x x x x x R/W*3 

TRBH 21H 41H 20H 40H x x x x x x x x R/W*3 

RRC 3AH SAH 3BH SBH OOOOOOOOR/W 

TACO 38H SSH 39H S9H OOOOOOOOR/W 

TRC1 39H S9H 38H SSH 0 0 0 RIW 

CSTO 3CH SCH 3DH SDH OOOOOOOOR/W 

Current status CST1 3DH SDH 3CH SCH 0 0 0 0 0 0 0 0 R/W 
register 1 

Notes: 1. These initial values apply after a hardware reset or execution of a channel reset command. Some 
registers are also initialized to these values by the RX reset command or TX reset command. See 
section S.2, Registers, for details. 

2. The functions of some bits vary depending on the operating mode (asynchronous, byte 
synchronous, or bit synchronous). See the register descriptions starting in section S.2.1. 

3. The TX/RX buffer register (TRBL, TRBH) acts as the receive buffer register for the received 
character when read, and as the transmit buffer register for the transmitted character when written. 

1.6.4 DMAC Registers Common to Channels 0 to 3 

Register Name 

OMA priority 
control register 

OMA master 
enable register 

Address 

CPU Modes CPU Modes 

Symbol 0&1 2&3 

PCR 08H 09H 

OMER 09H 08H 

Initial Value at Hardware Reset Read/ 

MSB ... ,_ LSB Write 

00000000 R/W 

0 0 0 0 0 0 0 R/W 

Notes: Use byte access to read and write PCR and OMER. These registers cannot be accessed 
by word access. 

12 



1.6.S DMA Registers Provided Separately for Channels 0 to 3 

Address 

CPU Modes 0 & 1 CPU Modes 2 & 3 Initial Value at 

Register Chan· Chan- Chan- Chan- Chan- Chan- Chan- Chan- Hardware Reset Read/ 
Name Symbol nelO nel 1 nel 2 nel 3 nel 0 nel 1 nel 2 nel 3 MSB ._ ~ LSB Write 

Destination DARL SOH AOH COH EOH S1H A1H C1H E1H x x x x x x x x R/W 
address (BAAL) 
register L 
(buffer 
address 
register L)*1 

Destination DARH S1H A1H C1H E1H SOH AOH COH EOH x x x x x x x x R/W 
address (BARH) 
register H 
(buffer 
address 
register H)*1 

Destination DARB S2H A2H C2H E2H S3H A3H C3H E3H x x x x x x x x R/W 
address (BARB) 
register B 
(buffer 
address 
register B)*1 

Source SAAL 84H A4H C4H E4H SSH ASH CSH ESH x x x x x x x x R/W 
address 
register L*2 

Source SARH SSH ASH CSH ESH S4H A4H C4H E4H x x x x x x x x R/W 
address 
register H*2 

Source SAAB 86H ASH CSH ESH S7H A7H C7H E7H x x x x x x x x R/W 
address (CPB) 
register B 
(chain pointer 
base)*1 

Current COAL SSH ASH CSH ESH S9H A9H C9H E9H x x x x x x x x R/W 
descriptor 
address 
register L 

(x: undefined) 

Notes: 1. Parentheses indicate registers with different functions in single-block transfer mode and chained­
block transfer mode. The name in parentheses applies in chained-block transfer mode. See the 
register descriptions for details. 

2. These registers are not used in chained-block transfer mode. Avoid writing to these registers in 
chained-block transfer mode. 
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1.6.5 DMA Registers Provided Separately for Channels 0 to 3 (cont) 

Register 

Name 

Current 
descriptor 
address 
register H 

Address 

CPU Modes 0 & 1 CPU Modes 2 & 3 Initial Value at 

Chan· Chan· Chan· Chan· Chan· Chan· Chan· Chan· Hardware Reset Read/ 

Symbol nel O nel 1 nel 2 nel 3 nel 0 nel 1 nel 2 nel 3 MSB ,.. ~ LSB Write 

CDAH S9H A9H C9H E9H SSH ASH CSH ESH x x x x x x x x R/W 

Error EDAL SAH AAH CAH EAH SBH ABH CBH EBH x x x x x x x x R/W 
descriptor 
address 
register L 

Error EDAH SBH ABH CBH EBH SAH AAH CAH EAH x x x x x x x x R/W 
descriptor 
address 
register H 

Receive BFLL SCH - CCH - SDH - CDH - xxxxxxxx R/W 
buffer length 
L*2 

Receive BFLH SDH - CDH - SCH - CCH - x x x x x x x x R/W 
buffer length 
H*2 

Byte count BCRL SEH AEH CEH EEH SFH AFH CFH EFH x x x x x x x x R/W 
register L 

Byte count BCRH SFH AFH CFH EFH SEH AEH CEH EEH x x x x x x x x R/W 
register H 

OMA status DSR 90H BOH DOH FOH 91H B1H D1H F1H 00000001 R/W 
register•1 

OMA mode DMR 91H B1H D1H F1H 90H BOH DOH FOH 0 0 0 0 0 0 0 0 R/W 
register 

End-of- FCT 93H B3H D3H F3H 92H B2H D2H F2H 0 0 0 0 0 0 0 0 A 
frame 
interrupt 
counter 

OMA DIR 94H B4H D4H F4H 95H B5H D5H F5H 0 0 0 0 0 0 0 0 R/W 
interrupt 
enable 
register 

OMA OCR 95H B5H D5H F5H 94H B4H D4H F4H w 
command 
register 

(x: undefined) 

Notes: 1. Some bits in the OMA status register are cleared by writing 1 to their bit positions, and one is a 
write-only bit. See section 6.2. 7, OMA Status Register, for details. 

2. These registers are used in receiving, so they are not provided for channels 1 and 3. 
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1.6.6 Timer Registers 

Register 

Name 

Timer up­
counter 

Timer 
constant 
register 

Address 

CPU Modes 0 & 1 CPU Modes 2 & 3 

Chan- Chan- Chan- Chan- Chan- Chan- Chan- Chan-

Symbol nelO nel 1 nel2 nel3 nelO nel 1 nel2 nel3 

TC NTL 60H 68H 70H 78H 61H 69H 71H 79H 

TC NTH 61H 69H 71 H 79H 60H 68H 70H 78H 

TCONRL 62H 6AH 72H 7AH 63H 6BH 73H 7BH 

TCONRH 63H 6BH 73H 7BH 62H 6AH 72H 7AH 

Initial Value at 

Hardware Reset Read/ 
MSB ..,.,.. __ ,..._ LSB Write 

00000000 R/W 

00000000 R/W 

1 1 1·1w 

1 1 1·1w 

Timer TCSR 64H 6CH 74H 7CH 65H 6DH 75H ?DH 0 0 0 0 0 0 0 0 R/W 
control/status 
register 

Timer 
expand 
pre scale 
register 

TEPR 65H 6DH 75H 7DH 64H 6CH 74H 7CH 0 0 0 0 0 0 0 0 R/W 

Notes: 1. The timer constant register is a write-only register that always reads as OOOOH. 

1.6.7 Wait Controller Registers 

Address 

CPU Modes CPU Modes Initial Value at Hardware Reset Read/ 

Register Name S~mbol o & 1 2&3 MSB ... ... LSB Write 

Physical address PABRO 02H 03H 0 0 0 0 0 0 0 0 R/W 
boundary register O 

Physical address PABR1 03H 02H 0 0 0 0 0 0 0 0 R/W 
boundary register 1 

Wait control WCRL 04H OSH 0 0 0 0 0 R/W 
register L 

Wait control WCRM OSH 04H 0 0 0 0 0 R/W 
register M 

Wait control WCRH 06H O?H 0 0 0 0 0 R/W 
register H 
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1. 7 General Description of Functions 

1.7.1 Operating Modes of Serial Section 

The normal SCA operating mode is full duplex (figure 1-6). The SCA can transmit and receive 
simultaneously, using two separate lines. 

In auto echo mode (figure 1-6), the SCA automatically retransmits all received data. Data received 
on the RXD line are retransmitted on the TXD line, and received data are simultaneously input to 
the receiver in the SCA. 

In local loop back mode (figure 1-6), transmit data supplied to the SCA are automatically 
transferred to the receive data buffer in the SCA. Data received on the RXD line are retransmitted 
on the TXD line. 

A 
Full duplex 

8 

(simultaneous transmit and receive) 

Auto echo mode 

7 

J 
TxD 

RxD 

SCA 

Local loop back mode 

Figure 1-6 Operating Modes 
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1.7.2 Transmission Formats 

The SCA supports asynchronous, byte-synchronous (bisync, X.21, DDCMP, etc.) and bit­
synchronous (HDLC, SDLC, X.25 link level/LAPB, LAPD, BOP loop, etc.) protocols. Each 
communication mode has its own format for transmitting data (figure 1-7). 

Mark 
• ---r- -, -- -r- - .,- - - r---1--- T- - -r- --jl_ 
I I I I I I I I I I 
I I I I I I I I I I U __ J__ _ L_ __ !_ __ 1 __ _L__ j__ _ ~- _J ___ ! Asynchronous 

Byte synchronous 
Bisync 

t \ 
Start bit 

--,,- ,) ~ ~ 
5 to 8 data bits I I 

Parity Stop bit(s) 
(even (1, 1.5, or 2 bits) 
or odd) 

Information z z :I: x 
>- >- O Header 1-(/) 
(/) (/) (/) (arbitrary number of 8 bit characters) 

Block check 
(CRC-16)'1 

DDCMP 

z z :I: 
>- >- 0 
(/) (/) (/) 

Header Information 
Co"ifri"f r-Flag T kk-~~--rseq-uencel-AddresslcF!c= 1-6.-1 (arbitrary number CRC-16 '1 

14 bitsjj_2 bitsjJ!edge(Bbit1 (8 bits) j(16 bits)J_[1s bits) of 8-bit characteraj_ (16 bits) 

Bit synchronous 
LAPS 

Flag 
(8 bits) 

01111110 

LAPD 

Address 
field 

18bit~ 

Control 
field 

18bit~ 

Fl~g EA SAPI EA TEI 

o~~1b~t~lo o CR (6bits) 1 (?bits) 

'----v-----'~ 

8 Bits 8 Bits 

SOH: Start of header ETB: End of text block 
STX: Start of text ETX: End of text 
SYN: Synchronous hold 

Information field 
(multiple of 8 bits) 

Frame check Flag 
sequence (16 bits) (8 bi'ts) 
(CRc-cc1n·2 

_e_reset 11_ 01111110 

Control 
field (8 or 
16 bit~ 

Information field 
(multiple ol 8 bits) 

Frame check 
sequence (16 bits) 
(CRc-cc1n·2 

_e_reset !l. 

Flag 
(8bits) 

01111110 

SAPl:Service access point identifier 
TEI: Terminal endpoint indicater 
EA: Address field extention 

Notes: 1. CRC-16 polynomial: x1s + x1s + X2 + 1 CR: Command/response field 
2. CRC-CCITI polynomial: x1s + x12 + xs + 1 

Figure 1-7 Examples of Transmission Formats 
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1.7.3 Transmission Error Detection 

The SCA flags the following transmission errors in its status registers (STl and ST2) to notify the 
hostMPU: 

1. Parity error (asynchronous) 

This error occurs when the designated parity condition is not satisfied. It indicates that an 
incorrect bit (possibly the parity bit) was received. 

2. Framing error (asynchronous) 

This error occurs if the RXD input is low (space) in the position of the first stop bit. 

3. CRC error (byte synchronous or bit synchronous) 

This error occurs if the correct CRC value is not obtained, indicating that a bit error occurred 
on the transmission line. 

4. Overrun error (asynchronous, byte synchronous, or bit synchronous) 

This error occurs if receive data are sent to the receive FIFO when the receive FIFO is full. 
After an overrun error, new receive data are overwritten on the last byte in the receive FIFO, 
destroying the preceding receive data but protecting other data already received. 

5. Underrun error (byte synchronous or bit synchronous) 

This error occurs if the transmit FIFO is empty after transmission of the data in the transmit 
shift register. 
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1.7.4 Transmission Codes 

The SCA supports five transmission codes: NRZ, NRZI, FMO, FMI, and Manchester (figure 1-8). 

Type No. Code 

NAZ 1 NAZ 
En co- (Nonreturn to 
ding zero) 

2 NAZI 
(Nonreturn to 
zero inversion) 

FM FMO 
En co- (Frequency 
ding modulation 

space) 

2 FM1 
(Frequency 
modulation 
mark) 

3 MANCHESTER 
(Manchester) 

Data and waveform 

0 : 1 0 0 1 1 

' ' ' 

l,_______,n,___~-

Figure 1-8 Transmission Codes 
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Definition of 1 and O 

1: High 
O: Low 

1 : No transition 
O: Transition 

1: Transition at 
beginning of bit cell 

O: Transitions at 
beginning and center 
of bit cell 

1: Transitions at 
beginning and center 
of bit cell 

O: Transition at 
beginning of bit cell 

1: High-to-low transition 
at center of bit cell 

O: Low-to-high transition 
at center of bit cell 



1.7.5 Transmit/Receive Clock Selection 

MSCI channels 0 and 1 in the SCA are full-duplex transceivers that support asynchronous, byte­
synchronous, and bit-synchronous transmission formats. The transmit clock (figure 1-9) can be 
selected independently on each channel. The selectable clock sources include the built-in baud 
rate generator, external clock input, and the receive clock (figure 1-10). 

f<I> TXBR Transmit fBRG =-- +2 clock 
Baud rate TMC 

(TMC: 1 to 256, TXBR: 0 to 9) selector 

<I>--
generator 

(for 
_.:,,, 

100 
transmitting) 

Transmit clock 
TXC 000 f-------.;... (1/1, 1/16*, 1/32*, or 
line input 1/64* clock mode) 

* Asynchronous mode 
Receive 110 
clock 

TI 
TXCS 2 to 0 
(TXS bits 6 to 4) 

TXS: MSCI TX clock source register 

Figure 1-9 Transmit Clock Source 
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RXC 
Line input 

Receive 
clock 

selector 

~- 000 
RXCS2 to RXCSO (1/1, 1/16', 

'--J>. 

r 

_,, 

_U_ (RXS bits 6 to 4) 1/32*, or 
Receive clock 1/64* 
with noise clock mode) 

111 

ADP LL 
clock 

selector 
010 
110 

Baud rate 
generator 

(for 
receiving) 

RXCS2 to 0 suppressed 
=010 010 

ADP LL (1/1 
clock (Sampling Clock extracted clock mode) ~ 

Receive 
clock rate: from receive 

operating data 110 
clock - 111 

x8,x16, orx32) (1/1 
clock mode) 

f BRG = ____!!__ + 2RXBR 
TMC 100 (TMC: 1 to 256, RXBR: 0 to 9) (1/1, 1/16', *A synchronous 

mode 
_,, 

1/32', or 
1/64* 

clock mode) 

TI 
RXCS2 to RXCSO 
(RXS bits 6 to 4) 

RXS: MSCI RX clock source register 

Figure 1-10 Receive Clock Source 
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1. 7.6 Maximum Bit Rates 

Table 1-2 lists the maximum bit rates supported by the MSC! in the SCA (when system clock 
(f<I>) = 10 MHz). 

Table 1-2 Maximum Bit Rates 

Protocol 
mode 

Asynchronous 

Byte 
synchronous 

Bit-synchronous 
HDLCmode 

Clock 
Mode*7 

1/64 

1/32 

1/16 

1/1 

1 /1 

1/1 

External 
Clock 

62.5k"1 

125k"1 

250k*1 

4.0M*1 

7.1 M*2 

7.1 M"2 

Maximum Bit Rate (bps) 

Clock Extraction 

Sampling Clock: Sampling Clock: 
External*4 BRG*5,& 

BRG x8 x 16 x32 x8 x 16 x32 

78.1k"3 

156.3k*3 

312.5k°3 

4.0M*1 

5M"3 2.2M 1.1 M 0.5M 1.25M 0.62M 0.31 M 

5M"3 2.2M 1.1 M 0.5M 1.25M 0.62M 0.31 M 

Bit-synchronous 1/1 4.0M"1 4.0M"1 2.2M 1.1 M 0.5M 1.25M 0.62M 0.31 M 
loop mode 

Notes: 1. fcp + 2.5 x (Clock mode) 
2. fcp + 1.4 x (Clock mode) 
3. fcp + 2 x (Clock mode) 
4. 17.6 Mbps+ (Sampling clock multiplier) 
5. fcp + (Sampling clock multiplier) 
6. Same maximum bit rate when receive clock noise is suppressed. 
7. Depends on setting of MSCI mode register 1 (MD1 ). 
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1.7.7 Transmitter 

The transmitter (figure 1-11) loads parallel data supplied from the data bus into a transmit FIFO 
consisting of 32 eight-bit registers. Next, according to the selected transmission format, it moves 
the data into a transmit shift register which converts them to serial data. Data are transmitted LSB 
first. 

Stop 
bit(1) 

Internal data bus 

TRB 32-Stage 
Transmn EOM/MP bit 

(32_~~%FO) command FIFO 
(8) (1) 

II Brea~ send II 
Async 

Transmit CRC 
calculator ( 16) Receive clock 

(local looP. back, 
auto echo) 

TX pattern Baud rate 
.___re-+-is_te_r__,COP, BOP generator 

Flag, abort, idle, or SYN 
character transmission 

COP, BOP 

Encoder 
( 1) 

TXD 

l TRB: MSCI TX/RX buffer register 

Asynchronous mode 
Byte-synchronous mode 

Bit-synchronous mode 
Transmit data flow 

Numbers in parentheses are bit lengths. 

Async: 

COP: 

BOP: 
--'): 

Figure 1-11 Block Diagram of the MSCI Transmitter 
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1.7.8 Receiver 

The receiver (figure 1-13) converts serial receive data into parallel data according to the selected 
communication format. The LSB of the data is received first. The data are shifted through a 
succession of receive shift registers, the last of which is the eight-bit receive shift register 4 
(figure 1-12). 

' ' ' ' Internal receive' 
data (NRZ) : 

: -z.;; d..ietioo~ n-.9.- ·: 
• abort or idle detection ' ·------ ------· 

:- oeiect ~ndary- -: 
• station address • .. ______ ------· 

i-------------. 
: Detect SYN character : ·------ ______ , 

To receive FIFO 

D 
,__ ___ __, Receive shift register 4 

Stop bit Parity/MP bit 

To receive FIFO 

To receive FIFO 

To receive FIFO 

D 

Figure 1-12 Receive Data Path (in each protocol mode) 
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BOP 
with 
CRC 

]

BOP 
without 
CRC 

COP 



TAB: 
ST2: 
FST: 
CST1, CSTO: 
..... : 

Async: 
COP: 
BOP: 

To ttansmitter 
(local loop back 
and aulD echo) 

/lsync 

BOP 

Syndironou1character, 
secondary station 
address deection 

Receive shilt 
register 2 (8) 

COP, BOP (CRCC • 0) 

COP 

Internal data oos 

Receive CRC calculator 

StalUs FIFO 
(32stages) 

(8) (6) 

ReceiveCRC 
shilt register (8) 

._ ___ ..._ __ _.(1_6'-') Numbers in parentheses are bit lengths. 

TX/RX buffer register 
Status register 2 
Frame status register 
Current status registers 1 and 0 
Receive data flow 
Asynchronous mode 
Byte-synchronous mode 
Bit-synchronous mode 

Figure 1-13 Block Diagram of the MSCI Receiver 
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1.7.9 DMAC 

The DMAC module in the SCA has four independent channels (figure 1-14). The DMAC is used 
exclusively for single-address transfer between memory and the MSCI. Data can be transferred a 
word at a time or a byte at a time. A group of data transferred consecutively is referred to as a 
block. The DMAC can transfer single blocks individually, or can transfer a chained sequence of 
blocks (chained-block transfer). See figure 1-15 to 1-20. 

Features: 

Four independent DMA channels 
Programmable channel priority 
Used exclusively for transfer between memory and MSCI 
Single-block transfer or chained-block transfer (supported by buffer management function) 
Two interrupt sources 
Maximum transfer rate: 6.66 Mbytes/s (operating on 10 MHz clock) 
Address space: 16 Mbytes 

DMAC MSCI 

Channel O ChannelO 
receiver 

Channel O 
Channel 1 transmitter 

Data 
bus 

Channel 2 Channel 1 
receiver 

Channel 1 
Channel 3 transmitter 

Receive data 

Transmit data 

Receive data 

Transmit data 

Figure 1-14 Interconnections between DMA Channels and MSCI Channels (concept) 
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Memory 

Send data 
1 . Decode address 
2. Put data on bus 
3. WAIT inactive 

End of cycle 
WAIT active 

DMAC 

Get bus 

t 
Access memory 

SCA 

MSCI 

t 
OMA Request 
TXRDY active 

FIFO has dropped to the number set in 
MSCI TX ready control register O (TACO) 
or less, and has not subsequently risen 

[ 

If the number of bytes of data in TX ' 

to the number set in MSCI TX ready 
control register 1 (TRC1) + 1 or greater 

1. Put address on bus (A0 to A23, BHE) 
2. AS active 
3. RD active 

f 
End of transfer 
AS and RD inactive 

Relinquish bus 

t 
Or start next cycle 

w 

MSCI response 
1. Read data 
2. If the number of bytes of data in 

TX FIFO after this transfer is equal to 
or greater than the number set in MSCI 
TX ready control register 1 (TRC1) + 1, 
negate TXRDY (to inactivate the OMA 
request) I 

Figure 1-15 Transmit DMA Operation (CPU mode 0) 
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Memory 

Store data 
1. Decode address 
2. Write data 
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MSCI 

f 
OMA Request 
RXRDY active 

[ 

When the number of bytes of data in j 
RX FIFO has risen to the number set in 
MSCI. RX ready control register (RAC) + 
1 or greater, and RX FIFO has not 
subsequently become empty 

Access memory _ 
1. Put address on bus (Ao to A23 , BHE) 
2. AS active 

Data valid 
WR active 

End of transfer 
AS and WR inactive 

~ 
Relinquish bus 

t 
Or start next cycle 

t 

Send data 
Put data on bus 

End of cycle 
If RX FIFO is empty after 
this transfer, negate the 
OMA request 

I 

Figure 1-16 Receive DMA Operation (CPU mode 0) 
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Memory 

Send data 
1. Decode address 
2. Put data on bus 
3. WAIT inactive 

End of cycle 
WAIT active 

DMAC 

Get bus 

t 
Access memory 

SCA 

MSCI 

t 
DMA Request 
TXRDY active 

FIFO has dropped to the number set in 
MSCI TX ready control register O (TACO) 
or less, and has not subsequently risen 

[ 

If the number of bytes of data in TX ] 

to the number set in MSCI TX ready 
control register 1 (TRC1) + 1 or greater 

1. Put address on bus (Ao to A23) 
2. AS active 
3. RD active 

t 
End of transfer 
AS and RD inactive 

Relinquish bus 

t 
Or start next cycle 

t 

MSCI response 
1. Read data 
2. If the number of bytes of data in 

TX FIFO after this transfer is equal to 
or greater than the number set in MSCI 
TX ready control register 1 (TRC1) + 1, 
negate TXRDY (to inactivate the OMA 
request) I 

Figure 1-17 Transmit DMA Operation (CPU mode 1) 
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2. Write data 
3. WAIT inactive 

End of cycle 
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DMAC 

Get bus 

t 
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SCA 

~ 
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When the number of bytes of data in l 
RX FIFO has risen to the number set in 
MSCI RX ready control register (RRC) + 
1 or greater, and RX FIFO has not 
subsequently become empty 

1. Put address on bus (Ao to ~3) 
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Data valid 
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End of transfer 
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t 
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Or start next cycle 

t 

Send data 
Put data on bus 

End of cycle 
If RX FIFO is empty after 
this transfer, negate the 
DMA request 

I 

Figure 1-18 Receive DMA Operation (CPU mode 1) 
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Send data 
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2. Put data on bus 

· 3. WAIT inactive 

End of cycle 
WAIT active 

DMAC 

Get bus 

t 
Access memory _ 
1 . Select read with R/W 

SCA 

MSCI 

~ 
DMA Request 
TXRDYactive 

FIFO has dropped to the number set 
[ 

If the number of bytes of data in TX ] 

in MSCI TX ready control register O 
(TRCO) or less, and has not subsequently 
risen to the number set in MSCI TX ready 
control register 1 (TRC1) + 1 or greater 

2. Put address on bus (A1 to A23) 
2. AS active 
4. HDS or LDS active 

~ 
End of transfer 

MSCI response 
1. Read data 
2. If the number of bytes of data in 

TX FIFO after this transfer is equal to 
or greater than the number set in MSCI 
TX ready control register 1 (TRC1) + 1, 
negate TXRDY (to inactive the DMA 
request) I 

AS, HDS and LDS inactive 

Relinquish bus 

t 
Or start next cycle 

t 
Figure 1-19 Transmit DMA Operation (CPU modes 2 and 3) 
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1 . Decode address 
2. Write data 
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End of cycle 
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I 

Figure 1-20 Receive DMA Operation (CPU modes 2 and 3) 
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1.7.10 DMA Buffer Chaining 

In bit-synchronous mode, each DMAC channel in the SCA can perfonn chained-block transfer, in 
which one or more data blocks are transferred in a continuous sequence (figure 1-21). 

To set up a chained-block transfer: 

1. Create one or more descriptors in memory. A descriptor is a string of data giving the starting 
address of a data buffer (data block), the data length, the starting address of the next descriptor, 
and other information. 

2. Write the starting address of the first descriptor in a DMAC register. 

3. Set necessary values in other DMAC registers. 

4. Enable the corresponding DMA channel. 

On the DMA request from the MSCI, the DMAC will automatically fetch the first descriptor and 
begin chained-block transfer. 

SCA 

DMAC registers 

Startinp • 
address o first H---i 

descriptor 

Address space 
.---------- ---------------------------------------------------------
' \)/ 0 ]'._ 0 ]'._ 0 ]'.__ ' 

' 
Starting 

' address of 

' 
next descriptor 

' Starting 
,.-, address of rl .- .-

data buffer 

: Data length n0 n1 n2 n3 

' First descriptor Second descriptor Third descriptor Fourth descriptor 

: _i_ j;_ _i_ _i_ 

: 
: 

Data 
length n0 n1 n2~ n3~ 

' ' 

' ' : 
First data buffer Second data buffer Third data buffer Fourth data buffer 

• Current pointer base (CPS) +current descriptor address register (CDA) 

Figure 1-21 DMA Buffer Chaining 
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1.7.11 Descriptor Structure 

Figure 1-22 shows the structure of a descriptor. Descriptors are allocated in memory in different 
ways, depending on the CPU mode. 

Address Bit 15 

Address Bit 7 

2n + 9 Reserved (Note) 

Bit O 

2n + 8 

2n + 7 

2n + 6 

2n +5 

2n +4 

2n +3 

2n +2 

2n + 1 

2n 

Status (ST) 8 bits 

__ q~t_a_l_e!l~!~ !-I_ {q~tl) _ ~ ?lt~- _ 
Data length L (DLL) 8 bits 

Reserved (Note) 

_ ~~~~~ p~~n_t~~ ~-(~~~l _8_ ~~t~ _ 

_ ~~fJ~~ ~~n~~~ l_:l_ (~~tll _ 8_ !>it~_ 
Buffer pointer L (BPL) 8 bits 

_ 9~?~n_ E_><_?i_n!E!r_ l_:l _ (Q~tll _~!>it~_ 
Chain pointer L (CPL) 8 bits 

1. CPU Mode 1 

Bit 8 Bit 7 

Reserved (Note) I Status (ST) 

Data length H (DLH) ' Data length L (DLL) ' 

Bit O Address 

2n + 9 

2n+ 7 

2n+ 5 

2n+3 

2n + 1 

Reserved (Note) I ___ -~~~~r_t><.?i!l!~~ ~_(_s?._~t- __ 

2n + 8 

2n + 6 

2n + 4 

2n +2 

2n 

Buffer pointer H (BPH) ' Buffer pointer L (BPL) ' 
Chain pointer H (CPH) ' Chain pointer L (CPL) ' ' 

2. CPU Mode 0 

Address Bit 15 Bit 8 Bit 7 Bit O Address 

Reserved (Note) l Status (ST) 

Data length H (DLH) : Data length L (DLL) 

Buffer pointer H (BPH) ' Buffer pointer L (BPL) ' ' 

2n + 8 

2n + 6 

2n + 4 

2n +2 

2n 

-------------------------

2n + 9 

2n + 7 

2n + 5 

2n +3 

2n + 1 

Reserved (Note) l Buffer pointer B (BPB) 

Chain pointer H (CPH) ' Chain pointer L (CPL) ' 

3. CPU Modes 2, 3 

Note: Reserved fields in descriptors are not written by the DMAC, but retain their previous 
values. The MPU may write in these fields, but this does not affect the DMAC. 

Descriptors must start at an even address (2n). Correct operation is not assured if a 
descriptor starts at an odd address. 

Figure 1-22 Descriptor Structure 
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1.7.12 Bus Arbiter 

The SCA has a built-in bus arbiter for arbitrating the bus between the on-chip DMAC and an 
external bus master device. This bus arbiter provides an easy way to design a multi-channel 
system using two or more SCA chip (figure 1-23). 

MPU ( HD64180,) 
H16, etc. 

BUSACK BUSREQ 

] +5V 
!)\ 

$ 
~ 

l I I I 
BUSREQ BUSY BUSREQ BUSY BUSREQ BUSY BUSREQ BUSY 

-y. BUSACK BEO ~ BUSACK BEO ~ BUSACK BEO ~ BUSACK BEO t--

SCA SCA SCA SCA 

Figure 1-23 Daisy-Chained Multi-Channel System (example) 
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1.7.13 Interrupt Control 

SCA interrupts are controlled by three interrupt status registers (ISRO, ISR 1, ISR2) containing 
flags for 20 interrupt sources, three interrupt enable registers (IERO, IERI, IER2) which can mask 
the interrupt source flags individually, and one interrupt control register (ITCR) (figure 1-24). 

The interrupt sources are located in corresponding functional modules (MSCI, DMAC, timers). 
When an interrupt source that is not masked becomes active, the SCA activates INT to request an 
MPV interrupt. When the MPU activates INTA in response, the SCA begins an acknowledge 
cycle and outputs an interrupt vector according to register settings. 

The interrupt control register (ITCR) selects the interrupt priority order, the type of acknowledge 
cycle, and the type of vector output. ITCR bits IAKO and IAKI select the non-acknowledge, 

single acknowledge, or double acknowledge cycle. Nonacknowledge means that the SCA does not 
output an interrupt vector when INTA is activated. Single acknowledge means that the SCA 
outputs a vector the first time INTA is activated. Double acknowledge means that the SCA outputs 
a vector the second time INTA is activated. 

ITCR bit VOS selects whether to output the contents of the interrupt vector register (IVR) or 
interrupt modified vector register (IMVR) as the vector. Any value can be set in IVR for 
unmodified output as the vector in the acknowledge cycle. The highest two bits of IMVR can be 
set to any value, but the lower six bits hold a hardware-generated code representing the interrupt 
source. If multiple interrupt sources are active simultaneously, IMVR holds the code of the source 
with the highest priority. ITCR bit IPC can switch the relative priority of the MSCI and DMAC. 

See figures 1-25 to 1-27 for interrupt logic flow for MSCI, DMAC, and timer modules. 
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MSCI 
(channel 1) 

MSCI 
(channel 0) 

DMAC 
(channel 3) 

DMAC 
(channel 2) 

DMAC 
(channel 1) 

DMAC 
(channel O) 

Timer 
(channel 3) 

Timer 
(channel 2) 

Timer 
(channel 1) 

Timer 
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1---------.... INT (to MPU) 

~---- INTA (from MPU) 

4 3 2 0 
Interrupt control register (ITCR) 

Vector 
(to MPU) 

Figure 1-24 Interrupt Control 
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register 1 (ST 1) 

MSCI interrupt 
enable register 1 
(IE1) 

MSClstatus 
register 2 (ST2) 

MSCI interrupt 
enable register 2 
(IE2) 

MSClframe 
status register 
(FST) 

MSClframe 
interrupt enable 
register (FIE) 

coco 1-- ...., 

BRXDIABTDiGAP 1-- ,-HI-----~ 

BRXEltDLD 1 ~>-----~ 
UDRNE 1-- L....I 

IDLE ~ 

SYNCDE/FLGDEl-­

CCTSE f-­
CDCDE 1-­

BRXDEIABTDEI 

BRXEE/IDLDE I-----

EOM 1-----­
PMP/SHRT 1-------i 

PE/ABT 1----i 
FAME/RBIT 1--

0VAN !----, 

CRCE 1-- " MSCI status - ~ 1-<Rl ~ registerO (STO) - ~ t1--< J 
~ '--I TXINT 

~~~~ .-I ~ '-----+-~, I 
~ TXINT interrupt request 

~RXINT interrupt request EOME ,--j ~ .l----i_ J------i AXINT 

PMPE/SHATE I r-r=f----\i------------< 
PEE/ABTE I- c__J---\ I 

FRMEE/RBITE f-I~ 
OVANE 1-­
CACEE I--

EOMF 

EOMFE f--------' 

TXADY -;=::0-TXRDY interrupt request 

L_!A~X~RD!!Y_J-ittr=D-t----J RXRDY interrupt request 

TXINTE 1-­
RXINTE r--
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MSCI interrupt 
enable register O 
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Figure 1-25 Logic Flow for Interrupt Requests, Status, and Enable Bits in MSCI Module 
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DMA status 
register (DSR) 

EQT 

EOM 

BOF 

COF 

DE 

EOTE 

EOME 

BOFE 

COFE 

DMA interrupt enable 
register (DIR) 

DMIB (normal end interrupt) 

DMIA (error end interrupt) 

Figure 1-26 Logic Flow for Interrupt Requests, Status, and Enable Bits in DMAC Module 

CMF~ 
ECMI 

TOIRQ, T1 IRQ, T21RQ, T31RQ 

Figure 1-27 Logic Flow for Interrupt Requests, Status, and Enable Bits in Timer Module 
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1.7.14 Timers 

The SCA has a built-in four-channel, 16-bit timer module. All channels have identical functions 
and specifications. They can be used as interval timers or watchdog timers, or for time-out 
detection or other purposes. The timer features are listed below. 

• Each timer uses a 16-bit reloadable up-counter. 

• The timer increments at a rate of BC/20 to BC/27, where BC is a base clock obtained by 
dividing the internal system clock (<I>) by eight. 

• A counter generates interrupt when it reaches a specified value. 

1.7.15 Wait Controller 

The SCA has a built-in wait controller. The wait controller can insert wait states to lengthen the 
DMA bus cycle. 

The address space is divided into three areas (figure 1-28). The number of wait states inserted 
when each area is accessed can be set independently in the range from 0 to 7. This enables the 
SCA to support memory chips having different access times without requiring external wait 
control logic. 

Wait states can also be inserted by the WAIT input. In this case there is no limit on the number of 
wait states inserted. In cases of conflict between the number of wait states set in the wait control 
register and the number requested via the WAIT line, the larger number of wait states is inserted. 

Physical address 
boundal 

register 1 (P BR1) 

Physical address 
boundal 

register 0 JP BROl 

FFFFFFH 

jE- Wait control register H 
PAH area (WCRH) Wait states 

Address __,,i 
~ -------------------- (0 to 7) 

Wait control register M jE-
PAM area Wait states (WCRM) 

Address (0 to 7) 
--------------------

PAL area ~ Wait control register L 

Wait states (WCRL) 
OOOOOOH 

(0 to 7) 

Physical address space 

PAH: Physical address high 
PAM: Physical address middle 
PAL: Physical address low 

Figure 1-28 Subdivision of Address Space by Wait Controller and Insertion of Wait States 
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Section 2 Pin Arrangement and Functions 

2.1 Pin Arrangement 

Figure 2-1 shows the pin arrangement. There are 72 signal lines and 12 power lines (V cc. V ss). 

Address 

Bus 
interface 

Bus 
System arbitration 
clock signals Interrupt 

~~n n11n 
60 <Ill (/)a: 
:J (/) 

I(/) [l] :J 

I~ ~ ol~ltii f-1>- ~ ~ __. "'lw ~:::, (/) "'::.:: 0 - (/)1° __._.I< 
"' N ~ "O C/JJ:l(/)IOIU:. Ill C/)....I Q(/) < :J Ill 0 0 f-lf­< < < < > Cll < C:~C:>O>IO~Cll[l]J:J:~~ 

1110 9 8 7 6 5 4 3 2 1 84 83 82 8180 79 78 7776 75 
12 0 74 
13 73 
14 n 
15 71 
16 70 
17 69 
18 68 
19 67 
~ M 
21 65 
~ M 
~ ~ 
~ ~ 

~ ~ 
M ~ 
v ~ 
~ ~ 
~ ~ 
~ ~ 
31 55 
~ ~ 

33 34 35 36 37 38 39 40 41 42 43 44 45 46 47 48 49 50 51 52 53 

Data 

CP-84 
(top view) 

Figure 2-1 Pin Arrangement 
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CPU1 
TXDO 
TXCO 
RXCO 
RXDO 
CTSO 
DCDO 
RTSO 
Vee 
SY NCO 
Vss 
TXD1 
TXC1 
RXC1 
RXD1 
CTS1 
DCD1 
RTS1 
SYNC1 
Vss 

:::::J MPU 
select 

J 

Serial 1/0 
channelO 

Serial 1/0 
channel 1 

NC: Non-connection 



2.2 Signal Descriptions 

The function of each signal line is described below. 

Table 2-1 Power Supply 

Pin Input/ 
Symbol Number Output Description 

Vee 21, 22, 44, Input +5 V power supply: All Vee pins must be 
65,83 connected to the system power supply (+5 V). 

Vss 1, 7, 19, 35, Input Ground: All Vss pins must be connected to the system 
46,54,63 ground (0 V). 

Note: To minimize potential differences in the chip, use the shortest possible lead length to the Vee 
pins (21, 22, 44, 65, 83) and Vss pins (1, 7, 19, 35, 46, 54, 63). 

Table 2-2 Clock 

Pin Input/ 
Symbol Number Output Description 

CLK 84 Input System clock input: The input is reshaped on chip and 
used as the <)> clock. 

Table 2-3 Reset Line 

Pin Input/ 
Symbol Number Output Description 

RESET 2 Input Reset: When this line is driven active low for 6 or more 
clock cycles, the SCA enters reset mode. All functional 
modules are reset. 
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Table 2-4 Address Lines 

Pin Input/ 
Symbol Number Output 

As-A23 16-18, 20, Output 

23-34 
(Three-
state) 

A1-A1 9-15 Input/ 
output 

Description 

Address bus: 

Master mode 

Slave mode 

Reset mode 

System stop 
mode 

Address bus: 

Master mode 

Slave mode 

Reset mode 

System stop 
mode 
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Output lines for the 16 high-order bits of a 
24-bit address when DMAC accesses a 
16-Mbyte address space. 

High impedance. 

High impedance. 

High impedance. 

Output lines for the 7 low-order bits of a 24-bit 
address when DMAC accesses a 16-Mbyte 
address space. 

Internal register address input. 

Input. 

Input. 



Table 2-5 Data Lines 

Symbol 
Pin 
Number 

36-43 

45,47-53 

NC: Not connected 

Input/ 
Output 

Input/ 
output 
(Three­
state) 

Input/ 
output 
(Three­
state) 

Description 

Data bus: 

CPU modes 0-3 

Normal mode Input/output lines for the 8 low-
order bits of the 16-bit bidirectional data bus. 

Reset mode High impedance. 

System stop High impedance. 
mode 

Data bus: 

CPU modes 0, 2, 3 

Normal mode Input/output lines for the 8 high-order bits of 
the 16-bit bidirectional data bus. 

Reset mode High impedance. 

System stop High impedance. 
mode 

CPU mode 1 

All modes 
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NC: Always high. Leave unconnected, 
or pull up to Vee· 



Table 2-6 Bus Interface Lines 

Symbol 

RD/NC 

WR/ 
R/W 

Pin 
Number 

4 

3 

NC: Not connected 

Input/ 
Output 

Input/ 
output 

Input/ 
output 

Description 

CPU modes 0, 1 

Read: Indicates that the SCA is executing a read cycle. 

Master mode Output line. When this line is driven active low, 
the data bus lines are used as inputs. 

Slave mode Input line. When this line is driven active low, 
the data bus lines are used as outputs. 

Reset mode Input. 

System stop Input. 
mode 

CPU modes 2, 3 

NC Always high. Leave unconnected, or pull up to 

Vee· 

CPU modes 0, 1 

Write: Indicates that the SCA is executing a write cycle. 

Master mode 

Slave mode 

Reset mode 

System stop 
mode 

Output line. When this line is driven active low, 
the data bus lines are used as outputs. 

Input line. When this line is driven active low, 
the data bus lines are used as inputs. 

Input. 

Input. 

CPU modes 2, 3 

Read/write: Indicates whether the SCA is executing a read or 
write cycle, to control the data direction. 

Master mode Output line. When this line is driven high, data 
moves in the input direction. When this line is 
driven low, data moves in the output direction. 

Slave mode Input line. When this line is driven high, data 
moves in the output direction. When this line 
is driven low, data moves in the input 
direction. 

Reset mode Input. 

System stop Input. 
mode 
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Table 2-6 Bus Interface Lines (cont) 

Symbol 

Ao/LOS 

Pin 
Number 

8 

NC: Not connected 

Input/ 
Output 

Input/ 
output 

Input/ 
output 

Description 

CPU modes o, 1 

Address: Least significant bit of the address bus. 

Master mode Output. 

Slave mode Input. 

Reset mode Input. 

System stop Input. 
mode 

CPU modes 2, 3 

Lower data strobe: Strobe timing for the low-order data bits. 

Master mode Output. 

Slave mode Input. 

Reset mode Input. 

System stop Input. 
mode 

CPU mode O 

Bus high enable: High-order byte access signal. 

Master mode Output. 

Slave mode Input. 

Reset mode Input. 

System stop Input. 
mode 

CPU mode 1 

NC Always high. Leave unconnected, or pull up to 

Vee· 

CPU modes 2, 3 

Higher data strobe: Strobe timing for the high-order data bits. 

Master mode Output. 

Slave mode Input. 

Reset mode Input. 

System stop Input. 
mode 
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Table 2-6 

Symbol 

cs 

WAIT 

Bus Interface Lines (cont) 

Pin Input/ 
Number Output 

82 Input 

81 Input/ 
output 

Description 

Chip select: Selects the SCA. 

CPU modes 0-3 

Master mode Input, but ignored by the SCA. 

Slave mode Indicates access by a host MPU. An internal 
register read/write cycle starts when this line 
is driven active low. 

Reset mode Input, but ignored by the SCA. 

System stop Input, but ignored by the SCA. 
mode 

Wait: Used to extend read and write cycles. 

CPU mode 0 

Master mode 

Slave mode 

Reset mode 

System stop 
mode 

If this line is high at the rising edge of a T2 
state, a T w state is inserted. If the line is still 
high at the rising edge of the next T w state, 
another T w state is inserted. If this line is low 
at the rising edge of a T 2 or T w state, the next 
state is a T 3 state. 

Output line. This line is driven high to request 
the host MPU to extend the bus cycle. 

High output. 

High output. 

CPU modes 1, 2, 3 

Master mode 

Slave mode 

Reset mode 

System stop 
mode 
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If this line is high at the falling edge of a T 2 
state, a T w state is inserted. If the line is still 
high at the falling edge of the next T w state, 
another T w state is inserted. If this line is low 
at the falling edge of a T 2 or T w state, the next 
state is a T3 state. 

Output line. This line is driven high to request 
the host MPU to extend the bus cycle. 

High output. 

High output. 



Table 2-6 Bus Interface Lines (cont) 

Symbol 
Pin 
Number 

5 

Input/ 
Output 

Input/ 
output 

Description 

Address strobe: Indicates whether the address bus is active. 

CPU modes 0, 1 

Master mode Output line. The address bus (Ac,-A23) is valid 
when this line is driven active low. 

Slave mode Input, but ignored by the SCA. 

Reset mode Input. 

System stop Input. 
mode 

CPU modes 2, 3 

Master mode 

Slave mode 

Reset mode 

System stop 
mode 
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Output line. The address bus (A1-A23) is valid 
when this line is driven active low. 

Input line. The SCA regards the address bits 
(A1-A7) as valid when this line is driven active 
low. 

Input. 

Input. 



Table 2-7 System Control Lines 

Pin Input/ 
Symbol Number Output Description 

HOLD/ 77 Output CPU mode O 
BUSREQ 

Hold: Used to request the bus. By driving HOLD active high, 
the SCA asks the host MPU to grant control of the bus. 

CPU modes 1, 2, 3 

Bus request: Used to request the bus. By driving BUSREQ 
active low, the SCA asks the host MPU to grant control of the 
bus. 

HOLDA/ 78 Input CPU mode O 
BUSACK 

Hold acknowledge: Used to indicate that the host MPU has 
received a HOLD signal and released the bus. When HOLDA 
is driven active high, the SCA assumes that control of the bus 
has been granted. 

If this line goes low (inactive) during a DMA transfer, the SCA 
releases control of the bus at the next bus cycle at which such 
release is permitted. 

CPU modes 1, 2, 3 

Bus acknowledge: Used to indicate that the host MPU has 
received a BUSREQ signal and released the bus. When 
BUSACK is driven active low, the SCA assumes that control of 
the bus has been granted. 

If this line goes high (inactive) during a DMA transfer, the SCA 
releases control of the bus at the next bus cycle at which such 
release is permitted. 

BEO 79 Output Bus enable output: Used for daisy-chained bus arbitration. 
When the HOLD or BUSACK line is active, unless an internal 
DMA transfer request is present in the SCA, BEO is driven 
active low to pass the acknowledgement on to a lower-order 
device. 
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Table 2-7 System Control Lines (cont) 

Symbol 

BUSY 

CPUO, 
CPU1 

Pin 
Number 

80 

74, 73 

Input/ 
Output 

Input/ 
output 
(Open 
drain) 

Input 

Description 

Bus busy: Indicates that the bus is in use. 

Slave mode Input line. An external device drives 
BUSY active low to indicate that it is using 
the bus. When the SCA requests the bus 
after the HOLDA or BUSACK input becomes 
active, if BUSY is low (active), the SCA waits 
until BUSY goes high (inactive) before taking 
control of the bus. 

Master mode The SCA drives this line active low as long as 
it holds the bus. When it finishes using 
the bus, the SCA drives this line high 
(inactive) and releases the bus after 
which this line becomes an input line. 

Note: Be sure to pull this line up to Vee· 

MPU select: Select the bus interface mode. 

CPU1 CPUO CPU mode 

0 0 Mode O (BO-system 16-bit MPU mode) 

0 Mode 1 (64180 mode) 

0 Mode 2 (68-system 16-bit MPU mode I) 

Mode 3 (68-system 16-bit MPU mode II) 
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Table 2-8 Interrupt Lines 

Symbol 

INTA 

Pin 
Number 

75 

76 

Input/ 
Output 

Output 
(Open 
drain) 

Input 

Description 

Interrupt request: Used to request an interrupt. 

The SCA drives INT active low when it has an interrupt 
request. 

Note: Be sure to pull this line up to Vee· 

Interrupt acknowledge: Used to acknowledge an interrupt. The 
SCA recognizes an interrupt acknowledge cycle when INTA 
goes active low. 

Table 2-9 Serial 1/0 (MSCI) Lines 

There are two sets of serial 1/0 lines, for channels 0 and 1 respectively. The functions of both 
channels are the same (table 2-9). 

Pin Input/ 
Symbol Number Output 

TXDO, 72, 62 Output 
TXD1 

RXDO, 69,59 Input 
RXD1 

TXCO, 71, 61 Input/ 
TXC1 output 

Description 

Transmit data for MSCI: Outputs transmit data from the MSCI. 

Receive data for MSCI: Inputs receive data to the MSCI. 

Transmit clock for MSCI: Inputs or outputs the MSCI transmit 
clock. It has three programmable modes: 

Input: • External transmit clock 

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

• Receive clock (used as the transmit clock) 
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Table 2-9 Serial 1/0 (MSCI) Lines (cont) 

Symbol 

RXCO, 
RXC1 

Pin 
Number 

70,60 

66,56 

67,57 

68,58 

64,55 

Input/ 
Output 

Input/ 
output 

Description 

Receive clock for MSCI: Inputs or outputs the MSCI 
receive clock. This line can also be used to input the 
ADPLL operating clock. It has 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 

Output Request to send for MSCI: Indicates that the SCA has data to 
output to a communications device such as a modem. 

Input 

Input 

Input/ 
output 

The output level on this line can be automatically controlled by 
MSCI operation (auto-enable function). This line can also be 
used as a general-purpose output port. 

Data carrier detect for MSCI: Indicates that a communications 
device such as a modem is receiving valid data from the 
communication line. MSCI receive operations can be 
automatically controlled by this input (auto-enable function). 
This line can also be used as a general-purpose input port. 

Clear to send for MSCI: Indicates that a communications 
device such as a modem is ready to send data to the 
communication line. MSCI transmit operations can be 
automatically controlled by this input (auto-enable function). 
This line can also be used as a general-purpose input port. 

Synchronization for MSCI: Input line in external byte 
synchronous mode. Synchronization is established at the 
falling edge of SYNCO or SYNC1. This line is an output line 
in mono-sync and bi-sync byte synchronous modes and HDLC 
mode. It indicates the inverse of the SYNCD/FLGD bit in 
MSCI status register 1 (ST1 ). 
In asynchronous mode, this line is an input line, but the input 
value does not affect operations. 

Note: For details concerning MSCI status register 1 (ST1 ), see section 5.2.1, MSCI Status 
Register 1. 
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Section 3 System Controller 

3.1 Overview 

Features of the SCA's system controller: 

Three chip operating modes 
-Reset mode 
- Normal operating mode 
-System stop mode 
An on-chip bus arbiter arbitrates bus contention between the external bus master and on-chip 
DMA controller 
Four 8- and 16-bit MPU bus interfaces can be switched under external control 

3.2 Chip Operating Modes 

3.2.1 SCA Operating Modes 

The SCA supports three chip operating modes: 

Reset mode 
Normal operating mode 
System stop mode (low-power mode) 

In reset mode, normal chip operations halt and registers are initialized. The chip enters reset mode 
if a RESET signal is input during normal operating mode or system stop mode. Reset mode is 
released when the RESET signal returns to the high level. The chip then enters normal operating 
mode. 

In normal operating mode, all on-chip functional modules operate at their normal performance 
levels. From normal operating mode, transitions to either of the other operating modes are 
possible. 

System stop mode is a low-power mode in which all internal operations cease except for the clock 
generator and reset circuits, to reduce power dissipation. From system stop mode, the SCA can 
return to normal operating mode via reset mode, as shown in figure 3-1. 
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< RESET= 0 System 
stop 

mode 

Note: IOSTP is bit o in the low power register (LPR). 

Figure 3-1 Chip Operating Mode Transitions 

Table 3-1 indic~tes the operational status of the main functional modules in each of the operating 
modes. 

Table 3-1 Operational Status of On-Chip Functional Modules in Operating Modes 

Functional Module 

Operating Mode On-Chip DMAC MSCI Timers 

Reset mode 

Normal operating mode 0 0 0 

System stop mode 

Note: O: operation enabled -: operation disabled 
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3.2.2 Low-Power Register (LPR) 

The low-power register controls transition to system stop mode. 

7 6 5 4 3 2 0 

Bit name I I I I I I I I IOSTPI 
Read/Write RN./ 
Initial value 0 0 0 0 0 0 0 

110 stop 
O: No transition to system stop mode 
1 : Transition to system stop mode 

0 

Note: Bit 7-bit 1 are reserved. These bits always read O and must be set to 0. 

Bits 7-1: Reserved. These bits always read 0 and must be set to 0. 

Bit 0 (IOSTP: 1/0 Stop): Controls transition to low-power mode (system stop mode). 

IOSTP = 0: The SCA remains in its current operating mode and does not enter system stop mode. 

IOSTP = 1: The SCA enters system stop mode. Registers cannot be written or read in this mode, 
so once it is set to 1 to enter system stop mode, the IOSTP bit cannot be cleared to 0 
except by a reset. Figure 3-3 shows transition timing in system stop mode. 
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3.2.3 Reset Mode 

Holding the RESET line low for six or more clock cycles resets all SCA functional modules and 
puts the SCA into reset mode. In this mode, the SCA operates as follows: 

The MSCI, DMAC, and timers halt, their internal states are reset, and registers are initialized. 
• The A8-A23 and Do-D15 lines go to high impedance and all output lines are initialized to 

predefined values. 
WAIT becomes an output line and goes high. Other input/output lines go to the input or high­
impedance state. 

The RESET line is sampled at the falling edge of every CLK clock (rising edge in CPU mode 0). 
If the RESET line is low on the falling CLK edge (rising edge in CPU mode 0) for six successive 
cycles, the SCA enters reset mode after a half clock cycle delay. 

Make sure that RESET remains low long enough to be sampled on at least six consecutive falling 
edges of CLK (rising edges in CPU mode 0). Correct resetting is not guaranteed if RESET is low 
in fewer than six consecutive cycles. 

The SCA leaves reset mode when the RESET line goes high. If the RESET line remains high for 
five successive falling CLK edges (rising edges in CPU mode 0), the SCA leaves reset mode after 
a half clock cycle delay and enters normal operating mode. 

Figure 3-2 shows the timing for entering and leaving reset mode. 
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CLK(CPU 
modes 1, 2, 3) 
CLK 
(CPU mode O) 

RESET 

RD 

WR/R/W 

Ao/LOS 

BHE/HDS 

WAIT 

AS 

BUSY 

A1 to A1 

HOLD/ 
BUSREQ 

BEO 

INT 

6 clock cycles or more 

Input 

Input 

Input 

Input 

Output 

Input 

Input (open drain) 
High impedance 

I I 
High impedance 

In ut 

Reset mode 

Figure 3-2 Reset Mode Timing 
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3.2.4 Normal Operating Mode 

In normal operating mode, all functional modules in the SCA are active and communication is 
enabled. The SCA operates as follows in this mode: 

The MSCI, DMAC, and timers perform their regular functions with regular performance. 
Interrupt requests (IN1) can be generated. 
The SCA can become the bus master through the action of its on-chip bus arbiter. 

From the normal operating mode it is possible to enter any other chip operating mode, as follows: 

If the RESET signal is active for six clock cycles or more, the SCA enters reset mode. 
If the IOSTP bit is set to 1, the SCA enters system stop mode. IOSTP is bit 0 of the low power 
register (LPR). See section 3.2.5, System Stop Mode, for details. 

3.2.5 System Stop Mode 

Setting the IOSTP bit in the low-power register (LPR) to 1 puts the SCA into system stop mode. 
System stop mode is a low-power mode in which clock signals are not supplied to the on-chip 
functional modules. 

Operation in System Stop Mode: In system stop mode, the SCA operates as follows: 

The MSCI, DMAC, and timers halt. 
The bus interface shuts down. Registers cannot be written or read. 
The on-chip clock generator circuit continues to operate, but no clock signals are supplied to 
the main functional modules. 
Pins are placed in the states listed in table 3-2. 

Power dissipation in system stop mode can be further decreased by stopping external clock input. 
The external clock input line (CLK) should be held high (low in CPU mode 0). The SCA is not 
guaranteed to operate as described above if clock input stops in the low state (high in CPU mode 
0). 

Entering and Leaving System Stop Mode: Enter system stop mode from the normal operating 
mode by setting the IOSTP bit in the low-power register (LPR) to 1. The mode transition takes 
place during the write cycle in which IOSTP is set to 1. Figures 3-3 (a) to (d) show the timing. 

The SCA leaves system stop mode by entering reset mode. 
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System stop mode is released when the RESET signal becomes active for six clock cycles or 
more, placing the SCA in reset mode. 

CLK 

BHE 
A0 toA7 ___ ~ ~-----------~ ~-----

WR 

D0 to D15 ____ _, 

Normal operating mode I 
>< 

System stop mode 

(a) CPU mode 0 

CLK 

WR 

D0 to D7 ---------< 
'-------------' 

Normal operating mode System stop mode 

(b) CPU mode 1 

Figure 3-3 Timing of Transition to System Stop Mode 
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CLK 

cs 

HOS, LOS 

R/W 

Normal operating mode System stop mode 

(c) CPU mode 2 

CLK 

AS 

cs 

R/W 

Normal operating mode System stop mode 

(d) CPU mode 3 

Figure 3-3 Timing of Transition to System Stop Mode (cont) 
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Table 3-2 Signal Line States in System Stop Mode 

Signal Line States 

Signal Line CPU Mode 0 CPU Mode 1 CPU Modes 2, 3 

A1-A7 Input Input Input 

Aa-A23 High impedance High impedance High impedance 

BUSY Input Input Input 

BEO High output High output High output 

RD/NC Input Input NC 

WR/R/W Input Input Input 

A0/LDS Input Input Input 

BHE/HDS Input NC Input 

WAIT High output High output High output 

AS Input Input Input 

HOLD/BUSREQ Low output High output High output 

INT High output High output High output 
(open drain) (open drain) (open drain) 

Do-D1 High impedance High impedance High impedance 

Da-D1s High impedance NC High impedance 

NC: Not connected 

3.3 Bus Arbiter 

3.3.1 Overview 

The SCA is equipped with a bus arbiter which arbitrates bus contention between the on-chip 
DMAC and an external bus master device. The on-chip DMAC is connected internally to the bus 
arbiter. When the on-chip DMAC requests the bus, the bus arbiter drives BUSREQ active low 
(drives HOLD active high in CPU mode 0) to ask the host MPU for control of the bus. 

When the host MPU makes BUSACK active low (or makes HOLDA active high in CPU mode 0), 
the bus arbiter monitors the BUSY line. If BUSY is high, the bus arbiter takes control of the bus 
and drives BUSY low to notify external devices that the SCA is using the bus. The on-chip 
DMAC then starts OMA transfer. 

If BUSACK goes active low (or HOLDA goes active high in CPU mode 0) when there is no bus 
request from the on-chip DMAC, the bus arbiter drives BEQ active low to pass the BUSACK 
signal (HOLDA in CPU mode 0) on to other bus master devices. BEO can be used for daisy 
chaining. 
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Figure 3-4 shows the interconnections of the bus arbiter and bus masters. 

DMAC 

Bus control signals 

Data bus and address bus 

HOLD/ 
.----. BUSREQ 

MPU 

Bus 
arbiter 

HOLDA/BUSACK 

BUSY 

Other bus 
master 

Bus 
request 

SCA (DMAC: OMA controller) 

Figure 3-4 Bus Arbiter and Bus Masters 

3.3.2 Timing for Passing Bus Control 

If BUSACK becomes inactive (high) (HOLDA becomes low in CPU mode 0) during a DMA 
transfer, the bus arbiter releases control of the bus at an opportunity furnished by the on-chip 
DMAC controller. 

The on-chip DMAC controller allows control of the bus to pass to another bus master at the end of 
each machine cycle, immediately after a T3 or Ti state. See section 6, DMAC, for details. When 
BUSACK (HOLDA in CPU mode 0) becomes inactive, the on-chip DMAC suspends the transfer 
at the end of a machine cycle and makes BUSY inactive (high), passing control of the bus to 
another bus master. If BUSACK (HOLDA in CPU mode 0) later becomes active low (high in 
CPU mode 0), the DMAC waits for BUSY to become inactive, then takes control of the bus and 
resumes the transfer. 
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3.3.3 Bus Control Passing 

Figure 3-5 shows how bus control is passed. 

RESET= 1 
No DMA request 
or BUSACK= 1 
(HOLDA= 0 in 
CPU mode 0) 

RESET= 1 

RESET= O 

DMA request ' 1 and 
BUSACK= 0 
(HOLDA = 1 in CPU mode 0) 

Notes: 1. See section 6, DMAC for information about DMA requests. 
2. If the RESET signal is driven active low for six cycles or more, the SCA 

unconditionally enters reset mode. When RESET goes high, the SCA 
enters normal operating mode and control of the bus passes to the MPU 
(or an external bus master), leaving the SCA in slave mode. 

3. Slave mode is the mode in which the MPU or external bus master has 
control of the bus. The SCA executes MPU read/write cycles and 
interrupt acknowledge cycles in this mode. 

4. In master mode, the SCA has control of the bus and can execute DMA 
transfers. 

Figure 3-5 Bus Control Passing 
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Figure 3-6 shows examples of bus arbitration. 

CLK (CPU 
modes 1, 2, 3) 

CLK(CPU 
mode 0) 

BUSREQ(CPU 
modes 1, 2, 3) 

HOLD 
(CPU mode 0) 

BUSACK(CPU 
modes 1, 2, 3) 

HOLDA 
(CPU mode 0) 

BUSY 

BEO 

CLK(CPU 
modes 1, 2, 3) 

CLK(CPU 
mode 0) 

BUSREQ(CPU 
modes 1, 2, 3) 

HOLD 
(CPU mode 0) 

BUSACK(CPU 
modes 1, 2, 3) 

HOLDA 
(CPU mode O) 

BUSY 

BEO 

n_n_j~ 

u~~ 
~,,_____ _ ______,,_____... 

___r 
~'-----------11--------

-----~ 
~\-------' 

Slave mode ::::+c Master mode >I< 
(OMA cycle) 

Example a 

Slave mode 

~~{LJLJLf1 
UUl___IL}1-n__n__n_f ~ 

~----1~ 

~~-----1)>-----
--~~--~~ 

~ 
~,________, 
-~~~)~--~~~~ 

Slave mode >I< Master mode >I< 
(OMA cycle) 

Example b 

Slave mode 

Figure 3-6 Bus Arbitration Sequence Examples 
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CLK (CPU fl__f1__f~ 
modes 1, 2, 3) 

CLK(CPU 
mode 0) 

BUSREQ(CPU 
modes1,2,3) ~~~~~\\-~------~\------------~ 

HOLD 
(CPU mode 0) 

BUSACK(CPU \ , 
modes 1, 2, 3) "----1---------__,,~----

HOLDA r-1' 
(CPU mode 0) 

~Input ----:3>! 

BUSY \_______J,~;--~~~~ 

BEO 

Slave mode 

Example c 

Master mode 
(OMA cycle) 

Figure 3-6 Bus Arbitration Sequence Examples (cont) 
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3.4 Bus Interface 

3.4.1 Overview 

The SCA has four 8- and 16-bit bus interfaces that can be switched under external control. The 
bus interface is selected according to the CPU mode as shown in table 3-3. 

Table 3-3 CPU Mode and Bus Interface 

Address Relationships Length of Bus Cycle 
of Data Bus (number of states) 

CPU Bus High Byte Low Byte Slave Master 
Modes Width (015 to 0 8) (07 to 0 0) Mode*2, ·s Mode MPU Type 

Mode o 16 bits Odd address Even address 4 (5}'3/4 (5)'3 3•4 80-system 
16-bit MPU 

Mode 1 8 bits All addresses 4/5 3•4 64180-type 
MPU 

Mode 2·1 16 bits Even address Odd address 5/6 3•4 68-system 
16-bit MPU I 

Mode 3•1 16 bits Even address Odd address 5/5 3•4 68-system 
16-bit MPU II 

Notes: 1. CPU modes 2 and 3 differ only in the bus timing. See section 10, Electrical 
Specifications, for details. 

2. Number of states in read cycle/number of states in write cycle 
3. Number of states for consecutive bus cycles in slave mode 
4. When no wait states are inserted. 
5. Shortest number of states. The number of states may increase if the MPU's strobe 

disable timing is delayed. 

The SCA has three 16-bit bus interfaces (CPU modes 0, 2, 3). The high-byte/low-byte address 
relationship on the data bus in CPU mode 0 is opposite to the relationship in CPU modes 2 and 3. 
This gives the SCA a byte-swap capability. The data bus lines map onto even and odd memory 
banks as shown in figure 3-7. 
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MPU 

BHE D1s to Os 01 to Do Ao 

E D1s to Os 
Odd-address 

memory bank 

D1 to Do E 
Even-address 

memory bank 

(a) CPU Mode 0 

MPU 

HOS D1s to Os 07 to Do LOS 

E D1s to Ds 
Even-address 

memory bank 

D1 to Do E 
Odd-address 

memory bank 

(b) CPU Modes 2 and 3 

Figure 3-7 Data Bus Mapping onto Memory Banks in CPU Modes 0, 2, and 3 

3.4.2 Slave Mode Bus Cycle 

In slave mode, data moves from the SCA to MPU in a read cycle, and from MPU to the SCA in a 
write cycle. The address and bus interface signals are input signals, except for WAIT, which is an 
output signal. 

CPU Mode 0: The SCA latches BHE and the address on lines Ao to A7 when CS is driven active 
low. CS must remain low throughout the bus cycle. After the bus cycle ends, CS may be either 
high or low. CS may also be low before the beginning of the bus cycle. Figure 3-8 shows the slave 
mode bus timing sequence in CPU mode 0. 

Read cycle 

If RD is low (active) at the falling clock edge between the T 1 and T 2 states, the SCA outputs 
the contents of the register specified by the address on the data bus on the rising clock edge in 
the T 3 state. RD must remain low until the beginning of the T 4 state. When RD goes high 
(inactive), the cycle ends: the SCA then drives the WAIT output active high and lets the data 
bus float. The read cycle can be extended by delaying the high transition of RD. 
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Write cycle 

If WR is low (active) at the falling clock edge between the T1 and T2 states, the SCA latches 
the data on the data bus on the rising clock edge in the T 3 state, and stores the data in the 
register specified by the address. WR must remain low until the rising clock edge in the T4 

state. When WR goes high (inactive), the cycle ends: the SCA then drives the WAIT output 
active high. 

When successive slave mode bus cycles occur in CPU mode 0, at least one Ti state (idle state) 
must be inserted between cycles. No Ti state is necessary when the next cycle is not a slave 

mode bus cycle. 

CLK 

BHE 
A0 to A 7 

RD 

WAIT 

D0 to D15 

(Out) 

D0 to D15 

(In) 

Register address 

Input data 

Data latch point 

I.: Read cycle SCA -->MP U .,,1 I.: Write cycle MPU ->SCA >I 

Note: 1. Ti states are required between successive slave mode bus cycles. 
2. State numbers do not match MPU state numbers. 

Figure 3-8 Slave Mode Bus Timing Sequence in CPU Mode 0 
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CPU Mode 1: The SCA latches the address on lines Ao to A7 when CS is driven active low. CS 
must remain low throughout the bus cycle. After the bus cycle ends, CS must go high (inactive). 
Figure 3-9 shows the slave mode bus timing sequence in CPU mode 1. 

Read cycle 

IfRD is low (active) at the falling clock edge in the T2 state, the SCA outputs the contents of 
the register specified by the address on the data bus on the rising clock edge between the T3 

and T 4 states. RD must remain low until the falling clock edge in the T 4 state. When RD goes 
high (inactive), the cycle ends: the SCA then drives the WAIT output active high and lets the 
data bus float. The read cycle can be extended by delaying the high transition of RD. 

Write cycle 

If WR is low (active) at the rising clock edge between the T2 and T3 states, the SCA latches 
the data on the data bus on the falling clock edge in the T 3 state, and stores the data in the 
register specified by the address. WR must remain low until the falling clock edge in the T 5 
state. When WR is driven high (inactive), the cycle ends: the SCA drives the WAIT output 
active high. 

CLK 

WAIT 

Do to D1 Output data 
(Out) 

Do to D1 Input data 
(In) 

Data latch point 

I< Read cycle SCA --+MPU >I I< Write cycle MPU -+SCA :.I 

Note: State numbers do not match MPU state numbers. 

Figure 3-9 Slave Mode Bus Timing Sequence in CPU Mode 1 
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CPU Mode 2: The SCA latches the address on lines A1 to A7 when CS and AS are both driven 
active low. CS and AS must remain low throughout the bus cycle. After the bus cycle ends, they 
must go high (inactive). Figure 3-10 shows the slave mode bus timing sequence in CPU mode 2. 

• Readcycle 

When R/W is high, if HDS or LDS is low (active) at the rising clock edge between the T 2 and 
T 3 states, the SCA outputs the contents of the register specified by the address on the data bus 
on the falling clock edge in the T 4 state. HDS or LDS must remain low until the beginning of 
the T 5 state. When HDS or LDS goes high (inactive), the cycle ends: the SCA then drives the 
WAIT output active high and lets the data bus float. The read cycle can be extended by 
delaying the high transition of HDS or LDS. 

Write cycle 

When R/W is low, if HDS or LDS is low (active) at the falling clock edge in the T3 state, the 
SCA latches the data on the data bus on the falling clock edge in the T 4 state, and stores the 
data in the register specified by the address. HDS or. LDS must remain low until the falling 
clock edge in the T6 state. When HDS or LDS goes high (inactive), the cycle ends: the SCA 
then drives the WAIT output active high. 

CLK 

WAIT 

D0 toD 15 
(Out) 

Register address 

~--'I 

Read cycle SCA ->MPU 

Register address 

Output data 

Input data 

Data latch point 

Write cycle MPU ->SCA 

Note: State numbers do not match MPU state numbers. 

Figure 3-10 Slave Mode Bus Timing Sequence in CPU Mode 2 
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CPU Mode 3: The SCA latches the address on lines A 1 to A7 when CS and AS are both driven 
active low. CS and AS must remain low throughout the bus cycle. After the bus cycle ends, they 
must go high (inactive). Figure 3-11 shows the slave mode bus timing sequence in CPU mode 3. 

Read cycle 

When R/W is high, if HDS or LDS is low (active) at the rising clock edge between the T 1 and 
T2 states, the SCA outputs the contents of the register specified by the address on the data bus 
on the falling clock edge in the T 3 state. HDS or LDS must remain low until the beginning of 
the T5 state. When HDS or LDS goes high (inactive), the cycle ends: the SCA then drives the 
WAIT output active high and lets the data bus float. The read cycle can be extended by 
delaying the high transition of HDS or LDS. 

Write cycle 

When R/W is low, if HDS or LDS is low (active) at the rising clock edge between the T2 and 
T 3 states, the SCA latches the data on the data bus on the falling clock edge in the T 3 state, 
and stores the data in the register specified by the address. HDS or LDS must remain low until 

-- --
the falling clock edge in the T 5 state. When HDS or LDS goes high (inactive), the cycle ends: 
the SCA drives the WAIT output active high. 

CLK 

WAIT 

D0 to D 15 

(Out) 

D0 to D15 

(In) 

Register address 

(output data) 

Read cycle SCA ~MPU 

Register address 

Input data 

Data latch point 

Write cycle MPU ~scA 

Note: State numbers do not match MPU state numbers. 

Figure 3-11 Slave Mode Bus Timing Sequence in CPU Mode 3 
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3.4.3 Master Mode Bus Cycle 

In master mode (DMA mode), data moves from memory to the SCA in a read cycle, and from the 
SCA to memory in a write cycle. The address and bus interface signals are output signals, except 
for WAIT which is an input signal. 

Word Transfer from Odd Address: In CPU modes 0, 2, and 3, DMA transfer of a word starting 
at an odd address is performed as two byte transfers. The DMAC first transfers one byte from the 
odd address, then transfers the remaining byte from the succeeding even address. Figure 3-12 
shows how a word is transferred from an odd address. 

Do Do 

2n +3 - I Next transfer I 2n + 2 2n + 2 I Next transfer I - 2n + 3 

2n + 1 I First transfer I - 2n 2n - I First transfer I 2n + 1 

(a) CPU Mode O (b) CPU Modes 2 and 3 

2n, 2n + 1, ... are addresses 

Figure 3-12 Word Transfer from Odd Address 

Word Transfer from Even Address: In CPU modes 0, 2, and 3, a word is transferred from an 
even address by direct memory access in a single word transfer operation. 
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Transfer of Three or More Bytes from Odd Address: In CPU modes 0, 2, and 3, to transfer 
three or more bytes starting at an odd address by direct memory access, the DMAC first transfers 
one byte from the odd address, then transfers successive words starting from the next even 
address. If one byte remains to be transferred at the end, it is transferred from an even address. 
Figure 3-13 shows an example of data transfer starting from an odd address. 

2n + 7 

2n +5 I~ 
2n+3 I~ 
2n + 1 Im 

Do 

- I@ Byte transfer I 2n + 6 2n + 6 ~ 
Word transfer 2n + 4 2n + 4 I~ 
Word transfer 2n + 2 2n + 2 I~ 

Byte transfer! - 2n 2n 

(a) CPU Mode o 

Do 

Byte transfer I -

Word transfer 

Word transfer 

- Im Byte transfer I 

(b) CPU Modes 2 and 3 

2n + 7 

2n +5 

2n + 3 

2n + 1 

2n, 2n + 1, ... are addresses 

Figure 3-13 Data Transfer from Odd Address (example) 

Figures 3-14 to 3-16 show the master mode bus transfer timing sequence in each CPU mode. 
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BHE 
Ao to A23 
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00 to 0 15 
(Out) 
00 to 0 15 
(In) 

)< OMA read cycle + OMA write cycle >) 
T1 T2 T3 T1 T2 T3 
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Transmit data 

Data 
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No T w states 

)< OMA read cycle ) OMA write cycle 
::> <( 

CLK 

BHE 
Aoto A23 

AS (ME) 

WAIT 

RD 

00 to 0 15 
(Out) 

00 to 0 15 
(In) 

Memory address 

Receive data 

Transmit data 

Data 
latch point 

With T w states 

Figure 3-14 Master Mode Bus Timing Sequence in CPU Mode 0 
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CLK 

AS (ME) 

WAIT 

RD 

WR 

Doto D7 
(Out) 

D0 to D7 
(In) 

I< DMA read cycle + DMA write cycle >I 
T1 T2 T3 T1 T2 T3 

Receive data 

Transmit data 

Data 
latch point 

No Tw states 

I DMA read cycle I DMA write cycle >< 
CLK 
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WAIT 

RD 

WR 

Dato D1 
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Dato D7 
(In) 

Memory address 

Receive data 

Transmit data 

Data 
latch point 

With T w states 

Figure 3-15 Master Mode Bus Timing Sequence in CPU Mode 1 
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I< DMA read cycle + DMA write cycle >I 
T1 T2 T3 T1 T2 T3 

CLK 

AS 

-- -- --+----. 

CLK 

WAIT 

R/W 

D0 to D15 
(Out) 

D0 to D15 
(In) 

HDS, LOS 

WAIT 

R/W 

D0 to D15 
(Out) 

D0 to D15 
(In) 

Receive data 

Transmit data 

Data 
latch point 

No Tw states 

I DMA read cycle >I< DMA write cycle 

Memory address Memory address 

Receive data 

Transmit data 

Data 
latch point 

With T w states 
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Section 4 Interrupt Controller 

4.1 Overview 

The SCA has a single INT signal line for sending interrupt requests to a host MPU. The INT 
signal is generated by 20 interrupt sources on the SCA chip. Figure 4-1 shows the location of 
these interrupt sources in the SCA's functional modules. 
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Figure 4-1 Interrupt Sources 
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Table 4-1 lists the interrupts in priority order and names of their sources. 

Table 4-1 Interrupt Priority and Interrupt Sources 

Module Interrupt Name Priority Interrupt Source 

MSCIO RXRDYO High Receive buffer ready (channel 0) 

MSCIO TXRDYO • Transmit buffer ready (channel 0) 

MSCIO RXINTO Receive status (channel 0) 

MSCIO TX INTO Transmit status (channel 0) 

MSCl1 RXRDY1 Receive buffer ready (channel 1) 

MSCl1 TXRDY1 Transmit buffer ready (channel 1) 

MSCl1 RXINT1 Receive status (channel 1) 

MSCl1 TXINT1 Transmit status (channel 1) 

DMACO DMIAO Error interrupt (channel 0) 

DMACO DMIBO Normal end interrupt (channel 0) 

DMAC1 DMIA1 Error interrupt (channel 1) 

DMAC1 DMIB1 Normal end interrupt (channel 1) 

DMAC2 DMIA2 Error interrupt (channel 2) 

DMAC2 DMIB2 Normal end interrupt (channel 2) 

DMAC3 DMIA3 Error interrupt (channel 3) 

DMAC3 DMIB3 Normal end interrupt (channel 3) 

Timer o TOIRQ Count match (channel 0) 

Timer 1 T11RQ Count match (channel 1) 

Timer 2 T21RQ ' Count match (channel 2) 

Timer 3 T31RQ Low Count match (channel 3) 

Note: The MSCI and DMAC priorities can be interchanged by setting a bit in the interrupt control 
register (ITCR). The priority affects the hardware-generated code field output from the 
interrupt modified vector register (IMVR). For details, see section 4.2.3, Interrupt Control 
Register, and section 4.2.2, Interrupt Modified Vector Register. 

Interrupt requests are generated by status bits set in interrupt status registers 0, 1, and 2 (ISRO, 
ISRl, ISR2). If a requested interrupt is enabled by the corresponding bit in interrupt enable 
register 0, 1, or 2 (IERO, IERl, IER2), the request is sent to the :rvIPU. 

See sections 4.2.4 to 4.2.9 for details of interrupt status registers 0 to 2 and interrupt enable 
registers 0 to 2. 
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4.2 Registers 

The SCA has nine registers for interrupt control. These registers can be accessed by read and write 
instructions from the :MPU. 

4.2.1 Interrupt Vector Register (IVR) 

The interrupt vector register stores the vector address output to the :MPU in an interrupt 
acknowledge cycle. 

Bit name 

Read/Write 
Initial value 

7 6 5 4 3 2 0 

IVR7 IVR6 IVR5 IVR4 IVR3 IVR2 IVR1 IVRO 

R/W R/W R/W R/W R/W R/W R/W R/W 
0 0 0 0 0 0 0 0 

Fixed vector address 

Any desired vector address can be set. Vector output will be detailed in section 4.3, Vector Output. 

4.2.2 Interrupt Modified Vector Register (IMVR) 

The interrupt modified vector register stores a modifiable vector address output to the :MPU in an 
interrupt acknowledge cycle. 

The register consists of eight bits. The six low-order bits hold a hardware-generated code 
identifying the interrupt source. If multiple interrupt sources are active simultaneously, IMVR 
holds the code of the source with the highest priority. Any desired value can be set in bits 7 and 6 
(IMVR7, IMVR6). 
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7 6 5 4 3 2 0 

Read/Write 
Initial value 

R/W R/W 
0 0 0 0 0 0 0 0 

Hardware-generated code 

Modified vector address 

Note: The hardware-generated code in IMVR bits 5 to 0 cannot be written or read. 
The codes generated for each interrupt source are listed in table 4-3. 

Bits 7 and 6 are cleared to 0 by a reset. Bits 5 to 0 always read 0. When writing to IMVR, write 0 
in bits 5 to 0. 

4.2.3 Interrupt Control Register (ITCR) 

The interrupt control register controls the priority order of interrupt sources, and selects the type 
of acknowledge cycle and vector output. 

7 6 5 4 3 

Read/Write 
Initial value 

R/W R/W R/W R/W 

Interrupt priority 
O: MSCI > DMAC 
1: DMAC > MSCI 

0 0 0 0 

Acknowledge cycle 
00: Non-acknowledge cycle 
01: Single acknowledge cycle 
1 O: Double acknowledge cycle 
11 : Reserved 

0 

2 0 

0 0 0 

Vector output 
O: Interrupt vector register 
1: Interrupt modified vector 

Note: Bit 3-bit O are reserved. These bits always read 0 and must be set to 0. 
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Bit 7 (IPC: Interrupt Priority Control): Controls the priority order of interrupt sources. This bit 
is cleared to 0 at a reset. 

IPC = 0: MSCI interrupt sources have higher priority than DMAC interrupt sources. 

IPC = 1: DMAC interrupt sources have higher priority than MSCI interrupt sources. 

Bit 6, Bit 5 (IAKl, IAKO: Interrupt Acknowledge Cycle): Select the type of acknowledge 
cycle. These bits are cleared to 0 at a reset. 

IAKl, IAKO = 0, 0: Non-acknowledge cycle; the data bus is left in the high-impedance state even 
when the INTA line is driven active low. 

IAKl, IAKO = 0, 1: Single acknowledge cycle; the value in IVR or IMVR is output on data bus 
lines D7 to D0 at the first active (low) input on the INTA line. Output for 
D1s to D8 is undefined. 

IAKl, IAKO =1, 0: Double acknowledge cycle; the data bus is left in the high-impedance state at 
the first active (low) input on the INTA line. The value in IVR or IMVR is 
output on data bus lines D1 to Do at the second active (low) input on the 
INTA line. Output for D1s to D8 is undefined. 

IAKl, IAKO =1, 1: Reserved. 

Bit 4 (VOS: Vector Output Select): Selects which vector to output in a single or double 
acknowledge cycle. This bit is cleared to 0 at a reset. 

VOS = 0: The interrupt vector register is selected. The unmodified IVR contents are output in a 
single or double acknowledge cycle. 

VOS= 1: The interrupt modified vector register is selected. The IMVR contents are output in a 
single or double acknowledge cycle. 

Bits 3-0: Reserved. These bits always read 0 and must be set to 0. 
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4.2.4 Interrupt Status Register 0 (ISRO) 

The read-only interrupt status register 0 indicates the status of interrupt request sources. All bits 
are cleared to 0 at a reset. 

7 6 5 4 3 2 1 0 

Bit name TXINT1 RXINT1 TXRDY1 RXRDY1 TX INTO RXINTO TXRDYO RXRDYO 

Read/Write R R R R R R R R 
Initial value 0 0 0 0 0 0 0 0 

~ I 
I 

MSCI channel 1 TXINT MSCI channel 0 RXRDY 
O: Not requested O: Not requested 
1: Requested 1: Requested 

I l 
MSCI channel 1 RXINT MSCI channel 0 TXRDY 
O: Not requested O: Not requested 
1: Requested 1: Requested 

I I 
MSCI channel 1 TXRDY MSCI channel 0 RXINT 
O: Not requested O: Not requested 
1: Requested 1: Requested 

r l 
MSCI channel 1 RXRDY MSCI channel O TXINT 
O: Not requested O: Not requested 
1: Requested 1: Requested 

Note: Initial values are the values after a hardware reset. 

Bit 7 (TXINTl: MSCI Channel 1 TXINT): 

TXINTI = 0: MSCI channel 1 is not requesting a TxlNT interrupt. 

TXINTI = 1: MSCI channel 1 is requesting a TxINT interrupt. 
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Bit 6 (RXINTl: MSCI Channel 1 RXINT): 

RXINTl = 0: MSCI channel 1 is not requesting a RxINT interrupt. 

RXINTl = 1: MSCI channel 1 is requesting a RxINT interrupt. 

Bit S (TXRDYl: MSCI Channel 1 TXRDY): 

TXRDYl = 0: MSCI channel 1 is not requesting a TXRDY interrupt. 

TXRDYl = 1: MSCI channel 1 is requesting a TXRDY interrupt. 

Bit 4 (RXRDYl: MSCI Channel 1 RXRDY): 

RXRDYI = 0: MSCI channel 1 is not requesting a RXRDY interrupt. 

RXRDYl = 1: MSCI channel 1 is requesting a RXRDY interrupt. 

Bit 3 (TXINTO: MSCI Channel 0 TXINT): 

TXINTO = 0: MSCI channel 0 is not requesting a TXINT interrupt. 

TXINTO = 1: MSCI channel 0 is requesting a TXINT interrupt. 

Bit 2 (RXINTO: MSCI Channel 0 RXINT): 

RXINTO = 0: MSCI channel 0 is not requesting a RXINT interrupt. 

, RXINTO = 1: MSCI channel 0 is requesting a RXINT interrupt. 

Bit 1 (TXRDYO: MSCI Channel 0 TXRDY): 

TXRDYO = 0: MSCI channel 0 is not requesting a TXRDY interrupt. 

TXRDYO = 1: MSCI channel 0 is requesting a TXRDY interrupt. 

Bit 0 (RXRDYO: MSCI Channel 0 RXRDY): 

RXRDYO = 0: MSCI channel 0 is not requesting a RXRDY interrupt. 

RXRDYO = 1: MSCI channel 0 is requesting a RXRDY interrupt. 
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4.2.5 Interrupt Status Register 1 (ISRl) 

The read-only interrupt status register I indicates the status of interrupt request sources. All bits 
are cleared to 0 at a reset. 

7 6 5 4 3 2 1 0 

Bit name DMIB3 DMIA3 DMIB2 DMIA2 DMIB1 DMIA1 DMIBO DMIAO 

Read/Write R R R R R R R R 
Initial value 0 0 0 0 0 0 0 0 

~ ~ 
DMA channel 3 interrupt B DMA channel 0 interrupt A 
O: Not requested O: Not requested 
1: Requested 1: Requested 

DMA chan~el 3 interrupt A DMA chann11 O interrupt B 

O: Not requested O: Not requested 

1: Requested 1: Requested 

DMA chanJel 2 interrupt B DMA chann111 interrupt A 
O: Not requested O: Not requested 
1: Requested 1: Requested 

I l 
DMA channel 2 interrupt A DMA channel 1 interrupt B 
O: Not requested O: Not requested 
1: Requested 1: Requested 

Note: Initial values are the values after a hardware reset. 

Bit 7 (DMIB3: DMA Channel 3 Interrupt B): 

DMIB3 = 0: DMAC channel 3 is not requesting a DMIB interrupt. 

DMIB3 = 1: DMAC channel 3 is requesting a DMIB interrupt. 
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Bit 6 (DMIA3: DMA Channel 3 Interrupt A): 

DMIA3 = 0: DMAC channel 3 is not requesting a DMIA interrupt. 

DMIA3 = 1: DMAC channel 3 is requesting a DMIA interrupt. 

Bit 5 (DMIB2: DMA Channel 2 Interrupt B): 

DMIB2 = 0: DMAC channel 2 is not requesting a DMIB interrupt. 

DMIB2 = 1: DMAC channel 2 is requesting a DMIB interrupt. 

Bit 4 (DMIA2: DMA Channel 2 Interrupt A): 

DMIA2 = 0: DMAC channel 2 is not requesting a DMIA interrupt. 

DMIA2 = 1: DMAC channel 2 is requesting a DMIA interrupt. 

Bit 3 (DMIBl: DMA Channel 1 Interrupt B): 

DMIB 1 = 0: DMAC channel 1 is not requesting a DMIB interrupt. 

DMIBl = 1: DMAC channel 1 is requesting a DMIB interrupt. 

Bit 2 (DMIAl: DMA Channel 1 Interrupt A): 

DMIAl = 0: DMAC channel 1 is not requesting a DMIA interrupt. 

DMIAl = 1: DMAC channel 1 is requesting a DMIA interrupt. 

Bit 1 (DMIBO: DMA Channel 0 Interrupt B): 

DMIBO = 0: DMAC channel 0 is not requesting a DMIB interrupt. 

DMIBO = 1: DMAC channel 0 is requesting a DMIB interrupt. 

Bit 0 (DMIAO: DMA Channel 0 Interrupt A): 

DMIAO = 0: DMAC channel 0 is not requesting a DMIA interrupt. 

DMIAO = 1: DMAC channel 0 is requesting a DMIA interrupt. 
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4.2.6 Interrupt Status Register 2 (ISR2) 

The read-only interrupt status register 2 indicates the status of interrupt request sources. Bits 7 to 4 
are cleared to 0 at a reset. Bits 3 to 0 are reserved bits that always read 0. When writing to ISR2, 
write 0 in bits 3 to 0. 

7 6 5 4 3 

Bit name I T3100 I T2100 I T1100 I TOIRQ I 
Read/Write R 
Initial value 0 

~ 
Timer channel 3 
interrupt request 
O: Not requested 
1 : Requested 

R 
0 

Timer chan~~e-1-2---~ 
interrupt request 
O: Not requested 
1 : Requested 

R R 
0 0 

l 
0 

2 0 

I I I I 
0 0 0 

I 
Timer channel o 
interrupt request 
O: Not requested 
1: Requested 

Time~channel 1 
interrupt request 
O: Not requested 
1: Requested 

Note: Initial values are the values after a hardware reset. 
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Bit 7 (T3IRQ: Timer Channel 3 Interrupt Request): 

T3IRQ = 0: Timer channel 3 is not requesting a T3IRQ interrupt. 

T31RQ = 1: Timer channel 3 is requesting a T3IRQ interrupt. 

Bit 6 (T2IRQ: Timer Channel 2 Interrupt Request): 

T21RQ = 0: Timer channel 2 is not requesting a T2IRQ interrupt. 

T2IRQ = 1: Timer channel 2 is requesting a T2IRQ interrupt. 

Bit S (TlIRQ: Timer Channel 1 Interrupt Request): 

TIIRQ = 0: Timer channel 1 is not requesting a TIIRQ interrupt. 

TIIRQ = 1: Timer channel 1 is requesting a TIIRQ interrupt. 

Bit 4 (TOIRQ: Timer Channel 0 Interrupt Request): 

TOIRQ = 0: Timer channel 0 is not requesting a TOIRQ interrupt. 

TOIRQ = 1: Timer channel 0 is requesting a TOIRQ interrupt. 

Bit 3-Bit 0: Reserved. These bits always read 0 and must be set to 0. 
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4.2. 7 Interrupt Enable Register 0 (IERO) 

The interrupt enable register 0 enables or disables interrupt requests indicated in interrupt status 
register 0 (ISRO). All IERO bits are cleared to 0 at a reset. 

7 6 5 4 3 2 1 0 

Bit name TXINT1E RXINT1~ TXRDY1E RXRDY1E TXINTOE RXINTOE TXRDYO~ RXRDYOE 

Read/Write R/W R/W R/W R/W R/W R/W R/W R/W 
Initial value 0 0 0 0 0 0 0 0 

I 
J ~ 

MSCI channel 1 MSCI channel 0 
TXINT enable RXRDY enable 
O: Disabled O: Disabled 
1: Enabled 1: Enabled 

I l 
MSCI channel 1 MSCI channel O 
RXINT enable TXRDY enable 
O: Disabled O: Disabled 
1: Enabled 1: Enabled 

I l 
MSCI channel 1 MSCI channel o 
TXRDY enable RXINT enable 
O: Disabled O: Disabled 
1: Enabled 1: Enabled 

I I 
MSCI channel 1 MSCI channel o 
RXRDY enable TXINT enable 
O: Disabled O: Disabled 
1: Enabled 1: Enabled 

Note: Initial values are the values after a hardware reset. 

Bit 7 (TXINTlE: MSCI Channel 1 TXINT Enable): 

TXINTlE = 0: The MSCI channel I TXINT interrupt is disabled. 

TXINTIE =I: The MSCI channel I TXINT interrupt is enabled. 

88 



Bit 6 (RXINTlE: MSCI Channel 1 RXINT Enable): 

RXINTIE = 0: The MSCI channel 1 RXINT interrupt is disabled. 

RXINTIE = 1: The MSCI channel 1 RXINT interrupt is enabled. 

Bit 5 (TXRDYlE: MSCI Channel 1 TXRDY Enable): 

TXRDYlE = 0: The MSCI channel 1 TXRDY interrupt is disabled. 

TXRDYIE = 1: The MSCI channel 1 TXRDY interrupt is enabled. 

Bit 4 (RXRDYlE: MSCI Channel 1 RXRDY Enable): 

RXRDYIE = 0: The MSCI channel 1 RXRDY interrupt is disabled. 

RXRDYIE = 1: The MSCI channel 1 RXRDY interrupt is enabled. 

Bit 3 (TXINTOE: MSCI Channel 0 TXINT Enable): 

TXINTOE = 0: The MSCI channel 0 TXINT interrupt is disabled. 

TXINTOE = 1: The MSCI channel 0 TXINT interrupt is enabled. 

Bit 2 (RXINTOE: MSCI Channel 0 RXINT Enable): 

RXINTOE = 0: The MSCI channel 0 RXINT interrupt is disabled. 

RXINTOE = 1: The MSCI channel 0 RXINT interrupt is enabled. 

Bit 1 (TXRDYOE: MSCI Channel 0 TXRDY Enable): 

TXRDYOE = 0: The MSCI channel 0 TXRDY interrupt is disabled. 

TXRDYOE = 1: The MSCI channel 0 TXRDY interrupt is enabled. 

Bit 0 (RXRDYOE: MSCI Channel 0 RXRDY Enable): 

RXRDYOE = 0: The MSCI channel 0 RXRDY interrupt is disabled. 

RXRDYOE = 1: The MSCI channel 0 RXRDY interrupt is enabled. 
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4.2.8 Interrupt Enable Register 1 (IERl) 

The interrupt enable register 1 enables or disables interrupt requests indicated in interrupt status 
register 1 (ISRI). All IERI bits are cleared to 0 at a reset. 

7 6 5 4 3 2 1 0 

Bit name DMIB3E DMIA3E DMIB2E DMIA2E DMIB1E DMIA1E DMIBOE DMIAOE 

Read/Write R/W R!W R/W R!W R/W R/W R/W R/W 
Initial value 0 0 0 0 0 0 0 0 

I ~ 
DMA channel 3 DMA channel 0 
interrupt B enable interrupt A enable 
O: Disabled O: Disabled 
1: Enabled 1: Enabled 

I 1. 
DMA channel 3 DMA channel 0 
interrupt A enable interrupt B enable 
O: Disabled O: Disabled 
1: Enabled 1: Enabled 

r l 
DMA channel 2 DMA channel 1 
interrupt B enable interrupt A enable 
O: Disabled O: Disabled 
1: Enabled 1: Enabled 

I I 
DMA channel 2 DMA channel 1 
interrupt A enable interrupt B enable 
O: Disabled O: Disabled 
1: Enabled 1: Enabled 

Note: Initial values are the values after a hardware reset. 

Bit 7 (DMIB3E: DMA Channel 3 Interrupt B Enable): 

DMIB3E = 0: The DMAC channel 3 DMIB interrupt is disabled. 

DMIB3E = 1: The DMAC channel 3 DMIB interrupt is enabled. 
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Bit 6 (DMIA3E: DMA Channel 3 Interrupt A Enable): 

DMIA3E = 0: The DMAC channel 3 DMIA interrupt is disabled. 

DMIA3E = 1: The DMAC channel 3 DMIA interrupt is enabled. 

Bit 5 (DMIB2E: DMA Channel 2 Interrupt B Enable): 

DMIB2E = 0: The DMAC channel 2 DMIB interrupt is disabled. 

DMIB2E = 1: The DMAC channel 2 DMIB interrupt is enabled. 

Bit 4 (DMIA2E: DMA Channel 2 Interrupt A Enable): 

DMIA2E = 0: The DMAC channel 2 DMIA interrupt is disabled. 

DMIA2E = 1: The DMAC channel 2 DMIA interrupt is enabled. 

Bit 3 (DMIBlE: DMA Channel 1 Interrupt B Enable): 

DMIBlE = 0: The DMAC channel l DMIB interrupt is disabled. 

DMIBlE = 1: The DMAC channel l DMIB interrupt is enabled. 

Bit 2 (DMIAlE: DMA Channel 1 Interrupt A Enable): 

DMIAlE = 0: The DMAC channel 1 DMIA interrupt is disabled. 

DMIAlE = 1: The DMAC channel l DMIA interrupt is enabled. 

Bit 1 (DMIBOE: DMA Channel 0 Interrupt B Enable): 

DMIBOE = 0: The DMAC channel 0 DMIB interrupt is disabled. 

DMIBOE = 1: The DMAC channel 0 DMIB interrupt is enabled. 

Bit 0 (DMIAOE: DMA Channel 0 Interrupt A Enable): 

DMIAOE = 0: The DMAC channel 0 DMIA interrupt is disabled. 

DMIAOE = 1: The DMAC channel 0 DMIA interrupt is enabled. 
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4.2.9 Interrupt Enable Register 2 (IER2) 

The interrupt enable register 2 enables or disables interrupt requests indicated in interrupt status 
register 2 (ISR2). IER2 bits 7 to 4 are cleared to 0 at a reset. Bits 3 to 0 are reserved bits that 
always read 0. When writing to IER2, write 0 in bits 3 to 0. 

7 6 5 4 3 2 0 

Bit name T31RQE T21RQE T1 IROE TOIRQE 

Read/Write R/W R/W R/W R/W 
Initial value 0 0 0 0 0 0 0 0 

~ I 

Timer channel 3 
interrupt request enable 
O: Disabled 

Timer channel o 
interrupt request enable 
O: Disabled 

1: Enabled 
~---~ 

Timer chan~el 2 
interrupt request enable 
O: Disabled 
1: Enabled 

1: Enabled 

Timer 1channel 1 
interrupt request enable 
O: Disabled 
1: Enabled 

Note: Initial values are the values after a hardware reset. 

Bit 7 (T3IRQE: Timer Channel 3 Interrupt Request Enable): 

T3IRQE = 0: The timer channel 3 T3IRQ interrupt is disabled. 

T3IRQE = 1: The timer channel 3 T3IRQ interrupt is enabled. 

Bit 6 (T2IRQE: Timer Channel 2 Interrupt Request Enable): 

T2IRQE = 0: The timer channel 2 T2IRQ interrupt is disabled. 

T2IRQE = 1: The timer channel 2 T2IRQ interrupt is enabled. 
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Bit 5 (TlIRQE: Timer Channel 1 Interrupt Request Enable): 

TlIRQE = 0: The timer channel 1 TlIRQ interrupt is disabled. 

TlIRQE = 1: The timer channel 1 TlIRQ interrupt is enabled. 

Bit 4 (TOIRQE: Timer Channel 0 lnten-upt Request Enable): 

TOIRQE = 0: The timer channel 0 TOIRQ interrupt is disabled. 

TOIRQE = 1: The timer channel 0 TOIRQ interrupt is enabled. 

Bit 3-Bit 0: Reserved. These bits always read 0 and must be set to 0. 
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4.3 Vector Output 

Two types of vectors can be selected for output from the SCA. The vector is output on data bus 
lines D7 to D0. (The output on lines D1s to D8 is undetermined.) 

1. Fixed vector: An arbitrary 8-bit value can be set in the interrupt vector register (IVR) for output 
as a fixed interrupt vector. 

2. Modified vector: An arbitrary 2-bit value can be set in bits 7 and 6 of the interrupt modified 
vector register (IMVR). The other six bits are modified according to the interrupt source. The 
IMVR value is output as the interrupt vector. 

These two types of vector output are selected by setting a bit in the interrupt control register 
(ITCR). See section 4.2.3, Interrupt Control Register. 

4.4 Acknowledge Cycle 

Three types of acknowledge cycles can be selected for the SCA. 

1. Non-acknowledge cycle: The data bus remains in the high-impedance state even when INTA is 
driven active (low). 

2. Single acknowledge cycle: The IVR or IMVR contents are output on the data bus at the first 
active (low) INTA input (figure 4-2). 

3. Double acknowledge cycle: The first active (low) INTA input is ignored; the data bus is left in 
the high-impedance state. The IVR or IMVR contents are output on the data bus at the second 
active (low) INTA input (figure 4-3). 

IfINTA goes low when no interrupt is requested (when INT is inactive), no vector is output. 
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4.5 Interrupt Sources and Vector Addresses 

The interrupt modified vector register (IMVR) is an eight-bit register in which the six low bits 

(bits 5 to 0) hold a hardware-generated code identifying an interrupt source, as listed in table 4-2. 

The two high bits (bits 7 and 6) can be set to arbitrary values by the MPU. 

Table 4-2 Interrupt Sources and Vector Addresses 

Priority*1 Vector Address 

vos·2 vos·2 Programmable Hardware-Generated Code 

No. Interrupt Source :0 =1 b1 b5 b5 b4 ba b2 b1 bo 

MSCI channel O RXRDY 1 9 x x 0 0 0 1 0 0 

2 MSCI channel O TXRDY 2 10 x x 0 0 0 1 0 

3 MSCI channel O RXINT 3 11 x x 0 0 0 0 0 

4 MSCI channel 0 TXINT 4 12 x x 0 0 0 1 0 

5 MSCI channel 1 RXRDY 5 13 x x 0 0 0 0 

6 MSCI channel 1 TXRDY 6 14 x x 0 0 0 

7 MSCI channel 1 RXINT 7 15 x x 0 0 0 0 

8 MSCI channel 1 TXINT 8 16 x x 0 0 1 0 

9 DMAC channel o DMIAO 9 1 x x 0 0 0 0 

10 DMAC channel O DMIBO 10 2 x x 0 0 0 

11 DMAC channel 1 DMIA1 11 3 x x 0 0 0 0 

12 DMAC channel 1 DMl81 12 4 x x 0 0 1 0 

13 DMAC channel 2 DMIA2 13 5 x x 0 0 0 

14 DMAC channel 2 DMIB2 14 6 x x 0 0 

15 DMAC channel 3 DMIA3 15 7 x x 0 0 0 

16 DMAC channel 3 DMl83 16 8 x x 0 0 

17 Timer channel O TOIRQ 17 17 x x 0 0 0 

18 Timer channel 1 T11RQ 18 18 x x 0 0 

19 Timer channel 2 T21RQ 19 19 x x 0 0 

20 Timer channel 3 T31RQ 20 20 x x 0 

(x: Arbitrary value) 

Notes: 1. Smaller priority values indicate higher priority. Larger priority values indicate lower 
priority. 

2. The VOS bit in the interrupt control register (ITCR). 
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Section 5 Multiprotocol Serial Communication Interface 
(MSCI) 

5.1 Overview 

The multiprotocol serial communication interface (MSCI) supports three different communication 
modes: asynchronous, byte synchronous, and bit synchronous. 

The two full-duplex channels of the MSCis, built in the SCA, have identical functions but operate 
independently. 

5.1.1 Functions 

The MSCI features the following functions: 

• Program-selectable operating modes: Asynchronous, byte synchronous, and bit synchronous 
• Transmission codes NRZ, NRZI, Manchester, FMO, and FMl supported (only NRZ code 

supported in asynchronous mode) 
• Full-duplex communications, auto echo, and local loop-back functions available 
• 32-stage transmit and receive buffers provided 
• Modem control signals RTS, CTS, and DCD automatically controlled using the auto-enable 

function 

RTS (request to send): General-purpose output/transmit request 
CTS (clear to send): General-purpose input/transmit enable/transition-triggered interrupt 
DCD (data carrier detect): General-purpose input/receive carrier detection/transition-

triggered interrupt 

• Programmable on-chip baud rate generator for transmission and reception 
• Selectable clock 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 0-7 .1 Mbps for a 10-MHz system clock 
• Four interrupt signals: RXRDY, TXRDY, RXINT, and TXINT 

Functions of the MSCI in asynchronous, byte synchronous, and bit synchronous operating modes 
can be summarized as follows: 
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Asynchronous Mode 

-Programmable character length (5-8 bits/character) for transmission and reception 
-Programmable stop bit length (1, 1.5, or 2 bits) 
-Programmable parity (odd, even, or no parity) 
-Detection of parity, overrun, and framing errors 
- Break transmission and reception 
- Multiprocessor (MP) bit transmission and reception 
-Programmable bit rate (input clock frequency x 1/1, 1/16, 1/32, or 1/64) 

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 ls) selectable for each of CRC-16 

and CRC-CCITT generator polynomials 
-Automatic SYN character transmission, detection, and deletion 
-CRC code transmission or no-transmission in underrun state program-selectable 
-SYN character or mark transmission in idle state program-selectable 
-Detection of CRC, overrun, and underrun errors 

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 program-selectable in idle state 
-8- or 16-bit address (A) field selectable; Four address field check modes program-selectable 
-End-of-message detection 
-CRC code generation and detection 

98 



5.1.2 Configuration and Operation 

The MSCI block diagram is shown in figure 1-2. 

The MSCI has 27 internal registers that the user can access. These registers specify the operating 
mode and control transmission and reception operations. 

Receiver: The following describes the operations of the MSCI receiver, referring to figure 1-13. 

The MSCI receiver has one 32-stage FIFO receive buffer, five 8-bit shift registers, and one delay 
register. The receiver also has a 6-bit status buffer (FIFO). This buffer retains status information, 
such as parity or framing errors, related to the received data. Note that status register 2 (ST2) and 
current status registers 0 and 1 (CSTO and CSTl) are located at the top of the status buffer (FIFO) 
and interface with the internal data bus. For details, see sections 5.2.11, MSCI Status Register 2 
(ST2), 5.2.25, MSCI Current Status Register 0 (CSTO), and 5.2.26, MSCI Current Status Register 
1 (CSTl). 

Input data is received via the RXD 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 asynchronous mode, the MSCI checks input data for the parity/MP bit and for framing errors 
before passing it to receive shift register 4. When one character of data is received, the data is 
sent to the receive buffer. The MPU or DMAC can read the data from the receive buffer (TX/RX 
buffer register (TRB)) via the internal data bus. Note that the TX/RX buffer register (TRB) is 
located at the top of the receive buffer and interfaces with the internal data bus. For details, see 
section 5.2.21, MSCI TX/RX Buffer Register (TRB). 

In byte synchronous mode, input data enters receive shift register 1 before branching toward 
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 is also transmitted to the RX 
CRC calculator, for CRC calculation, via the RX delay register and RX CRC shift register. 

Output from the CRC calculator goes to status register 2 (ST2). The MPU or DMAC can read the 
received data and its status. 

In bit synchronous mode, input data enters receive shift register I, which deletes Os, and detects 
flags, abort status, and idle status. The data then branches toward receive shift register 2 and the 
RX CRC calculator. Output from the CRC calculator is sent to STI, as in byte synchronous 
mode, and is also sent to the frame status register (PST) at the completion of frame reception. In 
other words, PST always holds the status of the most recently received frame. 
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The data sent to receive shift register 2 is sent via receive shift registers 3 and 4 to the receive 
buffer if the data's secondary station address detected coincides with the present station (SCA) 
address. The MPU or DMAC can read the received data and its status via the internal data bus. 
When CRC calculation is disabled (the CRCCC bit of mode register 0 (MDO) is 0), the received 
data is sent directly from receive shift register 1 to receive shift register 4. The secondary station 
address is also detected in this case. 

Transmitter: The following describes the operations of the MSCI transmitter, referring to figure 
1-11. 

The MSCI transmitter has one 32-stage FIFO transmit buffer, one transmit shift register, and one 
TX pattern register. The transmitter also has one CRC calculator, as the receiver does. 

The MPU or DMA writes output data via the internal data bus to the transmit buffer (TX/RX 
buffer register (TRB)). Information necessary to assemble frames in each communications mode 
is appended to the output data in the TX shift register. The data is then output to the TXD line via 
the encoder. 

See sections 5.2.1, MSCI Mode Register 0 (MDO), 5.2.2, MSCI Mode Register 1 (MDI), 5.2.4, 
MSCI Control Register (CTL), 5.2.18, MSCI Synchronous/Address Register 0 (SAO), and 5.2.19, 
MSCI Synchronous/Address Register 1 (SAi), for details on the specification of parity, stop bit 
length, and break transmission in asynchronous mode. These sections also contain information on 
the specification of SYN characters, aborts, flags, and CRC calculation in byte and bit 
synchronous modes. 

Each stage of the transmit buffer has 1-bit EOM/MP bit command FIFO. Refer to section 5.3, 
Operations. For MP bit transmission in asynchronous mode and EOM transmission in bit 
synchronous mode, see section 5.2.8, MSCI Command Register (CMD). 

5.2 Registers 

The MSCI has 27 registers which select the operating mode (asynchronous, byte synchronous, or 
bit synchronous), and control the transmitter, receiver, ADPLL, and baud rate generator. These 
registers are accessed with MPU instructions. 

For changing the operating mode, these registers must be pre-initialized with a channel reset 
command by the command register (CMD). 
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5.2.1 MSCI Mode Register 0 (MDO) 

Mode register 0 (MDO) specifies the operating mode (asynchronous, byte synchronous, or bit 
synchronous), CRC calculation expression, and stop bit length for asynchronous mode, and sets 
the auto-enable function. 

This register is reset under either of the following conditions: 

• Hardware reset 
• Channel reset command 

7 6 5 4 3 2 1 0 

Async 

Byte sync 

PRTCL2 PRTCL 1 PRTCLO AUTO -·1 -·1 STOP1 STOPO 

CRCCC CRC1 CRCO 

Bit sync 

Read/Write R/W R/W R/W R/W R/W R/W R/W 

Initial value O O O O 0 0 

I ~J-~ 
Protocol mode 
000: Asynchronous mode 
001: Byte-sync 

mono-sync mode 
01 O: Byte-sync 

Bi-sync mode 
011: Byte-sync external 

synchronous mode 
100: Bit-sync HDLC mode 
101: Bit-sync loop mode 
11 O: Reserved :~ 
111 : Reserved 

Auto-enable 
O: Auto-enable reset 
1: Auto-enable set 

CRC code ~alculation 
• Byte/Bit synchronous 

mode 
O: Disable 
1: Enable 

0 0 

T 
Stop bit length 
• Asynchronous mode 
00: 1 bit 
01: 1.5 bits 
10: 2bits 
11 : Reserved •2 

CRC calculation 
expression and 
initial value •3 

• Byte/Bit synchronous mode 
OX: CRC-16 
1 X: CRC-CCITI 
XO: Initial value= all Os 
X1: Initial value = all 1 s 

Notes: 1. Reserved. These bits always read O and must be set to 0. 
2. Reserved. When these settings are selected, normal operation is not guaranteed. 
3. X indicates any value (0 or 1 ). 
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Bits 7-5 (PRTCL2-PRTCLO: Protocol Mode): Specify the transmission protocol (transmission 
control procedure). These bits must be initialized with a channel reset command before the bit 
setting is changed. Otherwise, normal operation is not guaranteed. 

PRTCL2, PRTCLI, PRTCLO = 0, 0, 0: Specifies asynchronous mode 
PRTCL2, PRTCLI, PRTCLO = 0, 0, 1: Specifies byte synchronous mono-sync mode 
PRTCL2, PRTCLI, PRTCLO = 0, 1, 0: Specifies byte synchronous bi-sync mode 
PRTCL2, PRTCLI, PRTCLO = 0, 1, 1: Specifies byte synchronous external synchronous mode 
PRTCL2, PRTCLI, PRTCLO = 1, 0, 0: Specifies bit synchronous HDLC mode 
PRTCL2, PRTCLI, PRTCLO = 1, 0, 1: Specifies bit synchronous loop mode 
PRTCL2, PRTCLI, PRTCLO = 1, 1, 0: Reserved 
PRTCL2, PRTCLI, PRTCLO = 1, 1, 1: Reserved 

Bit 4 (AUTO: Auto-Enable): Controls the modem control signals (CTS, DCD, and RTS). 

• Asynchronous/Byte synchronous/Bit synchronous mode 

AUTO = 0: Specifies CTS and DCD as general-purpose inputs, and RTS as a general­
purpose output. 
CTS, DCD, and RTS have no effect on MSCI transmission or reception 

AUTO = 1: Sets the auto-enable function. CTS, DCD, and RTS serve as modem control 
signals for an RS-232C interface or the like. (Note that the auto-enable function 
of CTS and DCD is available in any operating mode (asynchronous, byte 
synchronous, or bit synchronous mode), while the function ofRTS is available 
only in asynchronous mode. 

For example, the CTS input controls transmission operations. When the CTS 
input goes high, the transmitter sends either the data from the transmit shift 
register in asynchronous mode, or one frame from the transmit shift register in 
byte or bit synchronous mode. The transmitter then enters idle state with TXD 
held high. In idle state, no data is transferred from the transmit buffer to the 
transmit shift register. 

The DCD input controls reception operations. When DCD is high, reception is 
disabled. If DCD goes high during character assembly, the data being assembled 
is lost. However, the data in the receive buffer remains intact. (Character 
assembly implies sampling of received data and assembly of a character in the 
receive shift register.) 

The RTS output is low during transmission in asynchronous mode. Otherwise 
(when TX is disabled or in idle state), the RTS line outputs the value of the RTS 
bit of the control register (CTL). 
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The timing for modem control signal RTS is shown in figure 5-1 (a) to figure 5-1 (h). The RTS 
output goes high one clock cycle after the TXD line has been set to "mark" after data transmission 
(figure 5-1 (a)). The RTS output during data write to the transmit buffer (TRB) by the MPU is 
shown in figure 5-1 (b) to figure 5-1 (e). The RTS output during data transmission to the transmit 
buffer (TRB) in DMA cycles is shown in figure 5-1 (f) to figure 5-1 (h). 

TXC 

TXD 

RTS ,,........ Write 1 to RTS bit 

(a) Auto-Enable, 5 Bits/Character, No Parity, and 1/1 Clock Mode 

MPU write cycle 

T1 T2 T3 T4 

CLK 

WR 

RTS 

(b) CPU Mode 0, MPU Write Cycle 

Figure 5-1 Modem Control Signal Timing 
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MPU write cycle 

T1 T2 T3 T4 TS 
CLK 

WR 

I 

J 
RTS 

(c) CPU Mode 1, MPU Write Cycle 

MPU write cycle 

T1 T2 T3 T4 T5 T6 
CLK 

\_ 

RIW 1 J 
RTS !A 

(d) CPU Mode 2, MPU Write Cycle 

MPU write cycle 

T1 T2 T3 T4 T5 
CLK 

HDS,LDS ~ I/ 

RiW \ 1 
RTS 

(e) CPU Mode 3, MPU Write Cycle 

Figure 5-1 Modem Control Signal Timing (cont) 
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I .. 
OMA read cycle 

.. I 
T1 T2 T3 

CLK 

RD 

I 

J 
RTS 

(f) CPU Mode 0, OMA Read Cycle 

I,. OMA read cycle .. I 
T1 T2 T3 

CLK 

RD 

(g) CPU Mode 1, OMA Read Cycle 

OMA read cycle 

T1 T2 T3 
CLK 

I 
I 
I 

y 
I 
I 

If I 
I \_ 

--I I 
I 
I 
I 

RTS 
I 
I 
I 

(h) CPU Modes 2 and 3, OMA Read Cycle 

Figure 5-1 Modem Control Signal Timing (cont) 
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Bit 3: Reserved. This bit always reads 0 and must be set to 0. 

Bit 2 (CRCCC: CRC Code Calculation): Specifies CRC code generation/detection in byte 
synchronous or bit synchronous mode. 

• Asynchronous mode 

Reserved. This bit always reads 0 and must be set to 0. 

• Byte synchronous/Bit synchronous mode 

CRCCC = 0: Disables CRC code generation/detection. 
CRCCC = 1: Enables CRC calculation for transmission and reception in byte or bit 

synchronous mode. Results of the CRC calculation for transmission are sent as 
CRC codes, while results of the CRC calculation for reception are reflected by 
the CRCE bit of status register 2 (ST2). 
Deletes FCS (CRC) without transferring it to the receive buffer in bit 
synchronous mode. 

Bits 1-0 (STOPl-STOPO/CRCl-CRCO: Stop Bit Length/CRC Calculation Expression and 
Initial Value): Specify the stop bit length in asynchronous mode and the CRC calculation 
expression in bit or byte synchronous mode. 

• Asynchronous mode 

STOPl, STOPO = 0, 0: Stop bit length= 1 
STOPI, STOPO = 0, 1: Stop bit length= 1.5 
STOPI, STOPO = 1, 0: Stop bit length= 2 
STOPl, STOPO = 1, 1: Reserved 

• Byte synchronous/Bit synchronous mode 

CRCl =0: 

CRCl = 1: 

CRCO=O: 
CRCO= 1: 

Specifies CRC-16 (Xl6 +xis+ x2 + 1) for CRC calculators in the transmitter 
and receiver 
Specifies CRC-CCITT (Xl6 + x12 + xs + 1) for CRC calculators in the 
transmitter and receiver 
Specifies all Os as the CRC calculator initial value 
Specifies all ls as the CRC calculator initial value 
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5.2.2 MSCI Mode Register 1 (MDl) 

Mode register 1 (MDI) specifies the transmit/receive character length, the parity/MP bit, and the 
relationship between the transmit/receive data and the transmit/receive clock, all in asynchronous 
mode. This register also specifies the checking method for the address field in bit synchronous 
mode. This register does not function in byte synchronous mode. For the parity/MP bit, see 
section 5.3, Operations. 

This register is reset under either of the following conditions: 

• Hardware reset 
• Channel reset command 

7 6 5 4 3 2 1 0 

Async BRATE1 BRATEO TXCHR1 TXCHR~RXCHR1 RXCHRO PMPM1 PMPMO 

BY1e sync 

Bit sync ADDRS1 ADDRSO 

Read/Write R!W R/W R/W R/W R!W R/W R/W R/W 

Initial value 0 

B. r 
1t rate 

•Asynchronous mode 
00: 1 /1 clock rate 
01 : 1 /16 clock rate 
1 O: 1 /32 clock rate 
11 : 1 /64 clock rate 

Address field check 

0 

• Bit synchronous mode 
00: Address field no-check 
01 : Single address 1 • 
10: Single address 2 2 

11 : Dual address 

0 0 0 0 

Trans~t character 
length 
• Asynchronous mode 
00: 8 bits/character 
01: 7 bits/character 
1 O: 6 bits/character 
11 : 5 bits/character 

Recei~ character 
length 
• Asynchronous mode 
00: 8 bits/character 
01: 7 bits/character 
1 O: 6 bits/character 
11 : 5 bits/character 

0 0 

T 
Parity/multiprocessor 
mode 
• Asynchronous mode 
00: No parity/MP bit 
01: MP bit appended (by command) 
1 O: Even parity appended and checked 
11 : Odd parity appended and checked 

Note: 1. Reserved. These bits always read o and must be set to o. 
2. This is a 4-bit address in bit synchronous loop mode. For details, see Address Field Check, 

in sections 5.3.3, Bit Synchronous Mode and 5.3.4, Bit Synchronous Loop Mode. 
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Bits 7-6 (BRATEl-BRATEO/ADDRSl-ADDRSO: Bit Rate/Address Field Check): Specify 
the relationship between the bit rate and the transmit/receive clock in asynchronous mode, and the 
checking method for the address field in bit synchronous mode. These bits are used for both 
transmission and reception. 

• Asynchronous mode 

BRATEl, BRATEO = 0, 0: Bit rate= 1/1 clock rate 
BRATEl, BRATEO = 0, 1: Bit rate= 1/16 clock rate 
BRATEl, BRATEO = 1, 0: Bit rate= 1/32 clock rate 
BRATEl, BRATEO = 1, 1: Bit rate= 1/64 clock rate 

For details on asynchronous mode, see section 5.3.1, Asynchronous Mode. 

• Byte synchronous mode 

Reserved. These bits always read 0 and must be set to 0. 

• Bit synchronous mode 

ADDRS 1, ADDRSO = 0, 0: Disables the address field check 
ADDRSI, ADDRSO = 0, 1: Sets single address 1 
ADD RS 1, ADDRSO = 1, 0: Sets single address 2 
ADDRSl, ADDRSO = l, 1: Sets dual address 

Note that the setting of (1, 0) specifies the 4-bit address mode in bit synchronous loop mode. 
For details, see Address Field Check, in section 5.3.4, Bit Synchronous Loop Mode. 

For details on address field check in bit synchronous mode, see Address Field Check, in section 
5.3.3, Bit Synchronous Mode. 

Bits 5-4 (TXCHRl-TXCHRO: Transmit Character Length): Specify the character length of 
the transmit data in asynchronous mode. Rewriting these bits during operation updates the 
character length for subsequent transmit characters. 

• Asynchronous mode 

TXCHRl, TXCHRO = 0, 0: 8 bits/character 
TXCHRl, TXCHRO = 0, 1: 7 bits/character 
TXCHRl, TXCHRO = 1, 0: 6 bits/character 
TXCHRl, TXCHRO = 1, 1: 5 bits/character 

• Byte synchronous/Bit synchronous mode 

Reserved. These bits always read 0 and must be set to 0. 
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Bits 3-2 (RXCHRl-RXCHRO: Receive Character Length): Specify the character length of 
the receive data in asynchronous mode. Rewriting these bits during operation updates the 
character length for subsequent receive characters. 

• Asynchronous mode 

RXCHRl, RXCHRO = 0, 0: 8 bits/character 
RXCHRl, RXCHRO = 0, 1: 7 bits/character 
RXCHRl, RXCHRO = 1, 0: 6 bits/character 
RXCHRl, RXCHRO = 1, 1: 5 bits/character 

• Byte synchronous/Bit synchronous mode 

Reserved. These bits always read 0 and must be set to 0. 

Bits 1-0 (PMPMl-PMPMO: Parity/Multiprocessor Mode): Specify the multiprocessor (MP) 
mode, and whether or not to use the parity check in asynchronous mode. Rewriting these bits 
during operation activates the contents of the new setting for subsequent transmit/receive 
characters. 

• Asynchronous mode 

PMPMl, PMPMO = 0, 0: 
PMPMl, PMPMO = 0, 1: 
PMPMl, PMPMO = 1, 0: 
PMPMl, PMPMO = 1, 1: 

Appends no parity/MP bit; performs no parity check 
Appends an MP bit according to the commands 
Appends even parity for parity check 
Appends odd parity for parity check 

For the parity check and multiprocessor mode (MP) in asynchronous mode, see Parity /MP Bit, 
in section 5.3.1, Asynchronous Mode. For commands, see section 5.2.8, MSCI Command 
Register. 

• Byte synchronous/Bit synchronous mode 

Reserved. These bits always read 0 and must be set to 0. 
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S.2.3 MSCI Mode Register 2 (MD2) 

Mode register 2 (MD2) specifies the transmission/reception data code type, the ratio of the 
advanced digital phase locked loop (ADPLL) operating clock to the bit rate, and the connection 
between the transmit/receive data and the TXD/RXD lines. For the ADPLL, see section 5.5, 
ADPLL. 

This register is reset under either of the following conditions: 

• Hardware reset 
• Channel reset command 

7 6 5 4 3 2 0 

Async 

Byte sync 

-·1 -·1 -·1 -·1 -·1 -·1 CNCT1 CNCTO 

NRZFM CODE1 CODEO DRATE1 DRATEO 

Bit sync 

Read/Write R/W R/W R/W R/W R/W R/W R/W 

Initial value O O O 0 0 

NRZ or F~ selec~ 
• Byte/Bit '"'-- I 

synchronous Transmission code 

0 0 0 

T 
Channel connection 
00: Full duplex 

_mode ~ 
0. NRZ • Byte/Bit synchronous 
1: FM mode 

communications 
01: Auto echo 

• NRZ 
00: NRZ 
01: NRZI •2 
1 O: Reserved •2 
11: Reserved 
• FM 
00: Manchester 
01: FM1 
10: FMO 
11 : Reserved •2 

1 O: Reserved '2 

11 : Local loop back 

ADPLL operating clock/bit rate 
• Byte/Bit synchronous mode 
00: x 8 
01: x 16 
10: x 32 
11 : Reserved •2 

Notes: 1. Reserved. These bits always read O and must be set to 0. 
2. When these settings are selected, normal operation is not guaranteed. 
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Bit 7 (NRZFM: NRZ/FM Select): Used in conjunction with the CODEl-CODEO bits (below) 
to specify the transmission code type (NRZ or FM). This bit specifies MSCI decoding and 
encoding types. Only the NRZ type is available in asynchronous mode. 

• Asynchronous mode 

Reserved. This bit always reads 0 and must be set to 0. 

• Byte synchronous/Bit synchronous mode 

NRZFM = 0: Specifies NRZ transmission code type 
NRZFM = 1: Specifies FM transmission code type 

Bits 6-5 (CODEl-CODEO: Transmission Code Type): Used in conjunction with the NRZFM 
bit (above) to specify the transmission/reception signal decoding and encoding type. Only the 
NRZ type is available in asynchronous mode. 

• Asynchronous mode 

Reserved. These bits always read 0 and must be set to 0. 

• Byte synchronous/Bit synchronous mode 

NRZFM = 0: NRZ transmission code type 
- CODEl, CODEO = 0, 0: Specifies the NRZ transmission code type 
- CODEl, CODEO = 0, 1: Specifies the NRZI transmission code type 
- CODEl, CODEO = 1, 0: Reserved 
- CODEl, CODEO = 1, 1: Reserved 
NRZFM = 1: FM transmission code type 
- CODEl, CODEO = 0, 0: Specifies the Manchester transmission code type 
- CODEl, CODEO = 0, 1: Specifies the FMl transmission code type 
- CODEl, CODEO = 1, 0: Specifies the FMO transmission code type 
- CODEl, CODEO = 1, 1: Reserved 

Bits 4-3 (DRATEl-DRATEO: ADPLL Operating Clock/Bit Rate): Specify the ratio of the 
ADPLL operating clock frequency to the bit rate in byte or bit synchronous mode. 

• Asynchronous mode 

Reserved. These bits always read 0 and must be set to 0. 
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• Byte synchronous/Bit synchronous mode 

DRAIBI, DRAIBO = 0, 0: ADPLL operating clock frequency= bit rate x 8 
DRAIBI, DRAIBO = 0, 1: ADPLL operating clock frequency= bit rate x 16 
DRAIB 1, DRAIBO = 1, 0: ADPLL operating clock frequency = bit rate x 32 
DRA1El, DRAIBO = 1, 1: Reserved 

Bits 1-0 (CNCTl-CNCTO: Channel Connection): The functions of these bits are described 
below. 

CNCTI, CNCTO = 0, 0: 
CNCTI, CNCTO = 0, 1: 

CNCTI,CNCTO= 1,0: 
CNCTI, CNCTO = 1, 1: 

Specifies the full duplex communications mode (normal operation) 
Specifies the auto-echo mode. In this mode, input data via the RXD 
line is directly output to the TXD line. This mode enables data 
reception, but disables data transmission. The TXC line echoes the 
RXC line input. 
Reserved. 
Specifies the local loop-back mode. In this mode, the transmit shift 
register output is internally connected to the receive shift register 
input for the receive shift register to directly receive the transmit data. 
Independent of the above operation, the TXD line echoes the RXD 
line input, and the TXC line echoes the RXC line input. 

5.2.4 MSCI Control Register (CTL) 

The control register (CTL) specifies the transmit operation in underrun state, an output pattern for 
idle state in byte or bit synchronous mode, break send in asynchronous mode, SYN character 
transfer from the data field to the receive buffer, and the RTS line output level. 

This register is reset under either of the following conditions: 

• Hardware reset 
• Channel reset command 

The BRK bit (bit 3) is also cleared by a TX reset command. 
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7 6 5 4 3 2 0 

Async -·1 -·1 -·1 -·1 BAK -·1 -·1 ATS 

Byte sync UDANC IDLC -·1 SYNCLD 
1-----+----t 

Bit sync -·1 GOP'2 

Read/Write 

Initial value 

R/W R/W R/W R/W R/W R/W 

0 0 0 0 0 0 

I 
Send break 
• Asynchronous 

mode 
O: Off 

0 

1: On (break send) 

Request to send 
O: Sets RTS low 
1: Sets RTS high 

Idle state control 
• Byte/Bit synchronous mode 
O: Transmits a mark 
1: Transmits an idle pattern 

Underrun state control 
•Byte synchronous mode 
O: Enters idle state immediately 
1: Enters idle state after CRC transmission 
• Bit synchronous mode 
O: Enters idle state after aborting transmission 
1: Enters idle state after FCS and flag transmission 

Go active on poll 
• Bit synchronous 

loop mode 
O: Disable 
1: Enable 

SYN character 
load enable 
• Byte synchronous mode 
O: Disable 
1: Enable 

Notes: 1. Reserved. These bits always read 0 and must be set to 0. 
2. This bit is valid only in bit synchronous loop mode. 
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Bits 7-6: Reserved. These bits always read 0 and must be set to 0. 

Bit 5 (UDRNC: Underrun State Control): Specifies the transmit operation in underrun state in 
byte or bit synchronous mode. 

• Asynchronous mode 

Reserved. This bit always reads 0 and must be set to 0. 

• Byte synchronous mode 

UDRNC = 0: Sets the transmitter to idle state in underrun state 
UDRNC = 1: Sets the transmitter to idle state after CRC code transmission in underrun state 

• Bit synchronous mode 

UDRNC = 0: Sets the transmitter to idle state after aborting transmission in underrun state 
UDRNC = 1: Sets the transmitter to idle state after FCS (CRC code) and flag transmission in 

underrun state 

Bit 4 (IDLC: Idle State Control): Specifies the TXD line output in idle state in byte or bit 
synchronous mode. 

• Asynchronous mode 

Reserved. This bit always reads 0 and must be set to 0. 

• Byte synchronous/Bit synchronous mode 

IDLC = 0: Sets the TXD line high (mark) in idle state 
IDLC = 1: Repeatedly transmits 8-bit idle patterns in the idle pattern register (IDL) in idle 

state 

Bit 3 (BRK: Send Break): Specifies whether or not to transmit a break in asynchronous mode. 

• Asynchronous mode 

BRK = 0: Transmits no break (normal operation). 

BRK = 1: Transmits a break by setting the TXD line low (space) at the next falling edge of 
the transmit clock. The TXD line must be low for two or more character cycles to 
transmit a break. 

The BRK bit is cleared by a TX reset command. 

For details on breaks, see Break Transmission and Detection, in section 5.3.1, Asynchronous 
Mode. 
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• Byte synchronous/Bit synchronous mode 

Reserved. This bit always reads 0 and must be set to 0. 

Bit 2 (SYNCLD: SYN Character Load Enable): Specifies whether or not to transfer the SYN 
character specified by synchronous/address register 0 (SAO) in the data field to the receive buffer 
in byte synchronous mode. See section 5.3.2, Byte Synchronous Mode. 

• Asynchronous mode 

Reserved. This bit always reads 0 and must be set to 0. 

• Byte synchronous mode 

SYNCLD = 0: Deletes SYN character in the data field instead of transferring it to the receive 
buffer 

SYNCLD = 1: Transfers the SYN character in the data field to the receive buffer 

• Bit synchronous mode 

Reserved. This bit always reads 0 and must be set to 0. 

Bit 1 (GOP: Go Active on Poll): Specifies whether or not to send transmit buffer data when a 
GA pattern is received in bit synchronous loop mode. For details on the GA pattern, see section 
5.3.4, Bit Synchronous Loop Mode. 

• Asynchronous/Byte synchronous mode 

Reserved. This bit always reads 0 and must be set to 0. 

• Bit synchronous loop mode 

GOP= 0: Sends no transmit buffer data when a GA pattern is received 
GOP= 1: Sends transmit buffer data when a GA pattern is received 

Bit 0 (RTS: Request to Send): Specifies the RTS line output level. 

• Asynchronous/Byte synchronous/Bit synchronous mode 

RTS = 0: Sets the RTS line level low 
RTS = 1: Sets the RTS line level high 

In asynchronous mode, when the auto-enable mode is selected, (the AUTO bit of mode register 
0 (MDO) is 1) the RTS line is driven low by transmit operation, regardless of the RTS bit 
setting. 
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5.2.5 MSCI RX Clock Source Register (RXS) 

The RX clock source register (RXS) specifies the receive clock source and the baud rate of the 
baud rate generator (BRG) in the receiver. For the baud rate generator, see section 5.6, Baud Rate 
Generator. 

This register is reset under either of the following conditions: 

• Hardware reset 
• Channel reset command 

7 6 5 4 3 2 0 

Async -·1 RXCS2 RXCS1 RXCSO RXBR3 RXBR2 RXBR1 RXBRO 
Byte sync 

Bit sync 

Read/Write 

Initial value 

R/W R/W R/W R/W R/W R/W R/W 

0 0 

Receive clock source 
000: RXC line input 

0 0 

01 O: RXC line input (noise suppression) 

0 

100: Internal baud rate generator (BRG) output 
11 O: ADPLL output 

(BRG output for ADPLL operating clock) 
111 : ADPLL output 

(RXC line input for ADPLL operating clock) 
Others: Reserved '2 

0 0 0 

Receiver baud rate 
• Clock division ratio 
0000: 1/1 
0001: 112 
0010: 1/4 
0011:1/8 
0100: 1/16 
0101: 1/32 
0110: 1/64 
0111: 1/128 
1000: 1/256 
1001: 1/512 
Others: Reserved '2 

Notes: 1. Reserved. This bit always reads O and must be set to o. 
2. Reserved. When these settings are selected, normal operation is not guaranteed. 
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Bit 7: Reserved. This bit always reads 0 and must be set to 0. 

Bits 6-4 (RXCS2-RXCSO: Receive Clock Source): Specify the receive clock source. 

• Asynchronous/Byte synchronous/Bit synchronous mode 

RXCS2-RXCSO = 0, 0, 0: Specifies the RXC line input as the receive clock. The noise 
suppressor does not function for the receive clock and receive 
data. 

RXCS2-RXCSO = 0, 1, 0: Specifies the RXC line input as the receive clock. The noise 
suppressor of the ADPLL functions for the receive clock and 
receive data. 

RXCS2-RXCSO = 1, 0, 0: Specifies the internal BRG output as the receive clock, which is 
output from the RXC line. 

RXCS2-RXCSO = 1, 1, 0: Specifies the clock extracted by the ADPLL as the receive clock, 
which is output from the RXC line. The BRG output serves as 
the ADPLL operating clock, and the noise suppressor functions 
for the receive data. 

RXCS2-RXCSO = 1, 1, 1: Specifies the clock extracted by the ADPLL as the receive clock. 
The RXC line input serves as the ADPLL operating clock, and 
the noise suppressor functions for the receive data. 

Other settings: Reserved. 
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Bits 3-0 (RXBR3-RXBRO: Receiver Baud Rate): Used in conjunction with the time constant 
register (TMC) to specify the baud rate of the baud rate generator in the receiver. For details, see 
section 5.6, Baud Rate Generator. 

• Asynchronous/Byte synchronous/Bit synchronous mode 

RXBR3-RXBRO = 0, 0, 0, 0: Division ratio= 1/1 
RXBR3-RXBRO = 0, 0, 0, 1: Division ratio= 1/2 
RXBR3-RXBRO = 0, 0, 1, 0: Division ratio= 1/4 
RXBR3-RXBRO = 0, 0, 1, 1: Division ratio= 1/8 
RXBR3-RXBRO = 0, 1, 0, 0: Division ratio= 1/16 
RXBR3-RXBRO = 0, 1, 0, 1: Division ratio= 1/32 
RXBR3-RXBRO = 0, 1, 1, 0: Division ratio= 1/64 
RXBR3-RXBRO = 0, 1, 1, 1: Division ratio= 1/128 
RXBR3-RXBRO = 1, 0, 0, 0: Division ratio= 1/256 
RXBR3-RXBRO = 1, 0, 0, 1: Division ratio= 1/512 
RXBR3-RXBRO = 1, 0, 1, 0: Reserved 

RXBR3-RXBRO = 1, 1, 1, 1: Reserved 
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5.2.6 MSCI TX Clock Source Register (TXS) 

The TX clock source register (TXS) specifies the transmit clock source and the baud rate of the 
baud rate generator (BRG) in the transmitter. For details on the baud rate generator, see section 
5.6, Baud Rate Generator. 

This register is reset under either of the following conditions: 

• Hardware reset 
• Channel reset command 

7 6 5 4 3 2 0 

Async -'1 TXCS2 TXCS1 TXCSO TXBR3 TXBR2 TXBR1 TX BRO 

Byte sync 

Bit sync 

Read/Write 

Initial value 

R/W R!W R/W R/W R/W R/W R/W 

0 0 

Transmit clock source 
000: TXC line input 

0 0 0 

100: Internal baud rate generator (BRG) output 
11 O: Receive clock 
Others: Reserved '2 

0 0 0 

Transmitter baud rate 
• Clock division ratio 
0000: 1/1 
0001: 1/2 
0010: 1/4 
0011: 1 /8 
0100: 1/16 
0101: 1/32 
0110: 1/64 
0111: 1 /128 
1000: 1/256 
1001: 1/512 '2 
Others: Reserved 

Notes: 1. Reserved. This bit always reads O and must be set to 0. 
2. Reserved. When these settings are selected, normal operation is not guaranteed. 
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Bit 7: Reserved. This bit always reads 0 and must be set to 0. 

Bits 6-4 (TXCS2-TXCSO: Transmit Clock Source): Specify the transmit clock source. 

• Asynchronous/Byte synchronous/Bit synchronous mode 

TXCS2-TXCSO = 0, 0, 0: 
TXCS2-TXCSO = 1, 0, 0: 

TXCS2-TXCS0= 1, 1,0: 

Other settings: 

Specifies the TXC line input as the transmit clock. 
Specifies the internal BRG output as the transmit clock, which is 
output from the TXC line. 
Specifies the receive clock as the transmit clock. This setting is 
used for using the clock extracted by the ADPLL as the transmit 
clock, or for using the receive clock as the transmit clock in bit 
synchronous loop mode. 

Reserved. 

Bits 3-0 (TXBR3-TXBRO: Transmitter Baud Rate): Used in conjunction with the time 
constant register (TMC) to specify the baud rate of the baud rate generator in the transmitter. For 
'details, see section 5.6, Baud Rate Generator. 

• Asynchronous /Byte synchronous/Bit synchronous mode 

TXBR3-TXBRO = 0, 0, 0, 0: Division ratio = 1/1 
TXBR3-TXBRO = 0, 0, 0, 1: Division ratio= 1/2 
TXBR3-TXBRO = 0, 0, 1, 0: Division ratio = 1/4 
TXBR3-TXBRO = 0, 0, 1, 1: Division ratio= 1/8 
TXBR3-TXBRO = 0, 1, 0, 0: Division ratio= 1/16 
TXBR3-TXBRO = 0, 1, 0, 1: Division ratio= 1/32 
TXBR3-TXBRO = 0, 1, 1, 0: Division ratio= 1/64 
TXBR3-TXBRO = 0, 1, 1, 1: Division ratio= 1/128 
TXBR3-TXBRO = 1, 0, 0, 0: Division ratio= 1/256 
TXBR3-TXBRO = 1, 0, 0, 1: Division ratio= 1/512 
TXBR3-TXBRO = 1, 0, 1, 0: Reserved 

TXBR3-TXBRO = 1, 1, 1, 1: Reserved 
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5.2.7 MSCI Time Constant Register (TMC) 

The time constant register (TMC) specifies the value (1-256) to be loaded to the reload timer in 
the internal baud rate generator (BRG). For details, see section 5.6, MSCI Baud Rate Generator. 

This register is reset under either of the following conditions: 

• Hardware reset 
• Channel reset command 

7 6 5 4 3 2 0 

Async TMC7 TMC6 TMC5 TMC4 TMC3 TMC2 TMC1 TMCO 

Byte sync 

Bit sync 

Read/Write 

Initial value 

R/W R/W R/W R/W R/W R/W R/W R/W 

0 0 0 0 0 0 0 

Value loaded into the reload timer (1-256) 

Bits 7-0 (TMC7-TMCO: Time Constant): The functions of these bits are described below. 

• Asynchronous/Byte synchronous/Bit synchronous mode 

Bits 7-0 specify the value (1-256) to be loaded into the reload timer in the internal baud rate 
generator. (Zero is assumed to be 256.) These bits are used in conjunction with the 
TXBR3-TXBRO bits of the TX clock source register (TXS) and the RXBR3-RXBRO bits of 
the RX clock source register (RXS) to determine the BRG output frequency for transmission 
and reception. 
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The BRG output frequency can be calculated by the following expression: 

fcLK 
---- +2BR 

TMC 

faRG: Transmit (receive) BRG output frequency 

fcLK: System clock frequency 

TMC: Value (1-256) set in TMC 

BR: Value (0-9) set in the TXBR3-TXBRO bits ofTXS, or the RXBR3-RXBRO bits of 
RXS 

Specific values are listed in table 5-14, Register Values and Bit Rates in Asynchronous Mode, and 
table 5-15, Register Values and Bit Rates in Byte Synchronous/Bit Synchronous Mode. 
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5.2.8 MSCI Command Register (CMD) 

The command register (CMD) specifies the command for MSCI transmission/reception control. 
This is a write-only register and always reads OOH. 

Async 

Byte sync 

Bit sync 

Read/Write 

Initial value 

7 
-'1 

•Transmit commands 
000001 : TX reset 
00001 O: TX enable 
000011: TX disable 

6 
-'1 

000100: TX CRC initialization 
000101: TX CRC calculation 

exclusion 
00011 O: End-of-message 
000111 : Abort transmission 
001 ooo: MP bit on 
001001: TX buffer clear 
Others: Reserved •2 

5 4 3 2 

CMD5 CMD4 CMD3 CMD2 

w w w w 

Command 

• Receive commands 
010001: RX reset 
01001 O: RX enable 
010011: RX disable 
010100: RX CRC initialization 
010101: Message reject 
01011 O: Search MP bit 
010111: RX CRC calculation 

exclusion 
011000: Forcing RX CRC 

calculation 

0 

CMD1 CMDO 

w w 

• Other commands 
100001 : Channel reset 
110001: Enter search mode 
000000: No operation 

Notes: 1. Reserved. These bits always read 0 and must be set to 0. 
2. When this setting is selected, normal operation is not guaranteed. 
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Bits 7-6: Reserved. These bits always read 0 and must be set to 0. 

Bits 5-0 (CMD5-CMDO: Command): The functions of these bits are described below. 

• Asynchronous/Byte synchronous/Bit synchronous mode 

Bits 5-0 specify three types of commands: transmit, receive, and other commands. These 
commands and their values are described in table 5-1 to table 5-3. 

Table 5-1 Transmit Commands 

Command Name 
(Set Value) 

TX reset (01 H) 

TX enable (02H) 

TX disable (03H) 

Function 

Immediately sets the transmitter to TX disable state (the transmit 
line goes to mark): clears the transmit buffer, transmit status in 
status registers 3--0 (ST3-STO), and the BRK bit of the control 
register (CTL). 

No other register is affected. 

Sets the transmitter to idle state when the transmitter is in TX 
disable state. 

For auto-enable operation, see the description of the AUTO bit in 
section 5.2.1, MSCI Mode Register O (MOO). 

Sets the transmitter to TX disable state after transmitting the 
transmit buffer data in asynchronous mode, or after transmitting one 
frame in byte or bit synchronous mode. (The TXRDY bit of STO 
immediately goes to 0.) 

TX CRC initialization (04H) Initializes the transmitter CRC calculator as specified by the CRCO 
bit of MDO when the first transmit character is transferred to the 

TX CRC calculation 
exclusion (05H) 

transmit shift register after this command is issued. 

This command is used in byte or bit synchronous mode. 

Excludes one specific character from the transmit CRC calculation. 
This command is valid only for the first character transferred to the 
transmit shift register after this command is issued. To exclude the 
first character, issue the command during transmission of the SYN 
character preceding the character to be excluded. (If SYN 
character transmission timing is not explicit, write a SYN character 
to the TX/RX buffer register (TRB) before the first character, and 
then issue the command during the SYN character transmission.) 

Command operation is not guaranteed in modes other than byte 
synchronous mode. 

124 



Table 5-1 Transmit Commands (cont) 

Command Name 
(Set Value) Function 

End-of-message (06H) Specifies the transmit character, which is first transferred to the 
transmit buffer after this command is issued, as the last character of 
the frame. When the transmit character transmitted is a word, this 
command specifies the transmit character written to 015-08 as the 
last character of the frame in CPU mode 0, and also specifies the 
transmit character written to 07-00 as such in CPU modes 2 and 3. 

Allows the transmitter to send the character marked with the end-of­
message attribute, transmit the CRC code in byte synchronous mode, 
or sequentially transmit the FCS (CRC code) and flag in bit 
synchronous mode. 

Abort transmission (O?H) Immediately transmits an 8-bit abort pattern 11111111 and clears the 
transmit buffer. 

MP bit on (08H) 

TX buffer clear (09H) 

This command is used in bit synchronous mode. 

Sets the transmit data MP bit to 1, and then transmits a character. This 
command is valid only for the first character transferred to the transmit 
buffer after this command is issued. For details, see Multiprocessor 
Support, in section 5.3.1. 

This command operation is not guaranteed in modes other than 
asynchronous mode. 

Clears the transmit buffer, deleting buffer contents. 

No other register is affected. 

Table 5-2 Receive Commands 

Command Name 
(Set Value) 

RX reset (11 H) 

Function 

Halts the receive shift register and sets the receiver to RX disable 
state; clears the receive buffer and receive status in status registers 
3-0 (ST3-STO). 

No other register is affected. 

125 



Table 5-2 Receive Commands (cont) 

Command Name 
(Set Value} 

RX enable (12H) 

Function 

Sets the receiver to start bit search state in asynchronous mode, 
SYN1 wait state in byte synchronous mode, and flag wait state in bit 
synchronous mode. 

When the receiver is in enable state, this command is invalid. 

For auto-enable operation , see the description of the AUTO bit in 
section 5.2.1, MSCI Mode Register O (MOO). 

RX disable (13H) Halts the receive shift register and sets the receiver to RX disable 
state while deleting the receive shift register contents, but without 
affecting the receive buffer contents. 

RX CRC initialization (14H) Initializes the receiver CRC calculator, as specified by the CRCO bit of 
MOO, when the first receive character is transferred to the receive shift 
register after this command is issued. 

Message reject (15H) 

Search MP bit (16H) 

RX CRC calculation 
exclusion (17H) 

This command is used in byte or bit synchronous mode 

Allows the receiver to re-establish character synchronization in byte 
synchronous mode. 

Prevents transfer of the current data frame to the receive buffer in bit 
synchronous mode. Data transfer to the receive buffer resumes in the 
next frame. 

Prevents receive characters with MP bit = O from being loaded into the 
receive buffer. This command remains valid until a character with MP 
bit= 1 is received. If necessary, re-issue this command after receiving 
a character with MP bit = 1. For details, see Multiprocessor Support, 
in section 5.3.1. 

This command is valid only in asynchronous mode. 

Excludes one specific character from the receiver CRC calculation. 
This command must be issued within 8 bit cycles after the character 
that will be excluded from the CRC calculation is input to the receive 
buffer. 

Thid command operation is not guaranteed in modes other than byte 
synchronous mode. 
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Table 5-2 Receive Commands (cont) 

Command Name 
(Set Value} 

Forcing RX CRC 
calculation (18H) 

Function 

Forcibly starts CRC calculation of the 8-bit data in the RX delay 
register. 

In byte synchronous mode, this command must be issued after the 
second byte of the CRC code enters 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 activated 15 system clock cycles after this 

command is issued and remains valid until the next data enters the 

receive buffer. 

Table 5-3 Other Commands 

Command Name 
(Set Value} Function 

Channel reset (21 H) Initializes all MSCI registers, sets the tramsmitter and receiver to 
disable state, and clears the transmit/receive buffer. 

Enter search mode (31 H) Sets the ADPLL to search mode. For FM code transmission, 
synchronization between the extracted receive clock and receive data 
can be established by a single transition point. This command also 
sets the SRCH bit of status register 1 (ST1) to 1. 

For details, see section 5.5, ADPLL. 

No operation (OOH) Allows the transmitter and receiver to continue the current operation. 
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5.2.9 MSCI Status Register 0 (STO) 

Status register 0 (STO) indicates the status of interrupts (TXINT and RXINT) and the 
transmit/receive buffer. When any bit of this register is set to 1, an MPU interrupt request is 
generated (if enabled). 

This register is reset under either of the following conditions: 

• Hardware reset 
• Channel reset command 
• System stop mode 

7 6 5 4 3 2 1 0 

Async TXINT RXINT -·1 -·1 -·1 -·1 TXRDY RXRDY 

Byte sync 

Bit sync 

Read/Write R 

Initial value O 

I 
TXINT interrupt 
O: No interrupt 
1: lnterruput 

R 

0 0 

RXINT interrupt 
O: No interrupt 
1 : lnterruput 

0 

I 
TX ready 

0 0 

R 

0 

J 

O: Transmit buffer satisfies 
the conditions set by TRC1 •2 

1: Transmit buffer satisfies 
the conditions set by TRCO •3 

I 
RX ready 

R 

0 

O: Receive buffer empty 
1 : Receive buffer satisfies 

•4 ·s 
the conditions set by RRC ' 

Notes: 1. Reserved. These bits always read 0. 
2. TRC14-TRC10 bits of TX ready control register 1 (TRC1) 
3. TRC04-TRCOO bits of TX ready control register 0 (TRCO) 
4. RRC4-RRCO bits of RX ready control register (RRC) 
5. In bit synchronous mode, RXRDY is set to 1 when data with EOM enters the 

receive buffer. 
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Bit 7 (TXINT: TXINT Interrupt): Indicates whether or not the TXINT interrupt has occurred. 
A TXINT interrupt request is issued to the MPU when this bit and the TXINTE bit of interrupt 
enable register 0 (IEO) are both 1. 

• Asynchronous/Byte synchronous/Bit synchronous mode. 

TXINT = 0: Indicates that no TXINT interrupt has occurred. 

TXINT = I: Indicates that a TXINT interrupt has occurred. 
This bit is set to I under the following conditions: 
TXINT = UDRN • UDRNE + IDL • IDLE + CCTS • CCTSE 
UDRN, IDL, CCTS: Bits 7, 6, and 3 of status register I (STI) 
UDRNE, IDLE, CCTSE: Bits 7, 6, and 3 of interrupt enable register I (IEI) 
In other words, this bit is set to I under either of the following conditions: 
• The UDRNE bit is set to 1 and an underrun error has occurred. 
• The IDLE bit is set to 1 in idle state. 
• The CCTSE bit is set to 1 and the CTS line level has changed. 

Bit 6 (RXINT: RXINT Interrupt): Indicates whether or not the RXINT interrupt has occurred. 
An RXINT interrupt request is issued to the MPU when this bit and the RXINTE bit of IEO are 
both 1. 

• Asynchronous/Byte synchronous/Bit synchronous mode 

RXINT = 0: Indicates that no RXINT interrupt has occurred. 

RXINT = 1: Indicates that an RXINT interrupt has occurred. 
This bit is set to 1 under the following conditions: 
RXINT = (SYNCD/FLGD) • (SYNCDE/FLGDE) + CDCD • CDCDE + 

(BRKD/ABTD/GAPD) • (BRKDE/ABTDE/GAPDE) + 
(BRKE/IDLD) • (BRKEE/IDLDE) + EOM • EOME + (PMP/SHRT) • 
(PMPE/SHRTE) +{PE/ABT)• (PEE/ABTE) + (FRME/RBIT) • 
(FRMEE/RBITE) + OVRN • OVRNE + CRCE • CRCEE + EOMF • 
EOMFE 

SYNCD/FLGD, CDCD, BRKD/ABTD/GAPD, BRKE/IDLD: 
Bits 4, 2, 1, and 0 of status register 1 (STI) 

EOM, PMP/SHRT, PE/ABT, FRME/RBIT, OVRN, CRCE: 
Bit 7-bit 2 of status register 2 (ST2) 

EOMF: Bit 7 of the frame status register (FST) 
SYNCDE/FLGDE, CDCDE, BRKDE/ABTDE/GAPDE, BRKEE/IDLDE: 

Bits 4, 2, 1, and 0 of interrupt enable register (IE 1) 
EOME, PMPE/SHRTE, PEE/ABTE, FRMEE/RBITE, OVRNE, CRCEE: 

Bit 7-bit 2 of interrupt enable register 2 (IE2) 
EOMFE: Bit 7 of the frame interrupt enable register (FIE) 

In other words, RXINT is set to 1 under one of the following conditions: 
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- The SYNCDE/FLGDE bit is set to 1 and a SYN character or a flag has been detected. 
- The CDCDE bit is set to 1 and the DCD line level has changed. 
- The BRKDE/ABTDE/GAPDE bit is set to 1 and a break start, abort, or a GA pattern has 

been detected. 
- The BRKEE/IDLDE bit is set to 1 and a break end or an idle start has been detected. 
- The EOME bit is set to 1 and the receive frame has ended. 
- The PMPE/SHRTE bit is set to 1, and the parity/MP bit is set to 1 or a short frame has been 

detected. 
- The PEE/ABTE bit is set to 1 and a parity error or an abort frame has been detected. 
- The FRMEE/RBITE bit is set to 1 and a framing error or a residual bit frame has been 

detected. 
- The OVRNE bit is set to 1 and an overrun error has been detected. 

- The CRCEE bit is set to 1 and a CRC error has been detected. 
- The EOMFE bit is set to 1, the receive frame has ended, and the last character has been read 

from the receive buffer (TRB). 

Bits 5-2: Reserved. These bits always read 0. 

Bit 1 (TXRDY: TX Ready): Indicates the transmit buffer status. When the transmitter is enabled 
and the data byte count in the transmit buffer is equal to or less than the value set by TX ready 
control register 0 (TRCO), this bit is set to 1. When the transmitter is enabled and the data byte 
count in the transmit buffer is equal to or greater than the value set by TX ready control register 1 
(TRCl) + 1, this bit is cleared. When the transmitter is disabled, this bit is cleared, regardless of 
the data byte count in the transmit buffer. This means that the transmit buffer can be written only 

while this bit is 1. 

A TXRDY interrupt request is issued to the MPU when this bit and the TXRDYE bit of IEO are 

both set to 1. A DMA request is issued to the on-chip DMAC when this bit is set to 1. For 
details, see section 5.8.1, Serial Data Transfer by the MPU and DMAC. 

• Asynchronous/Byte synchronous/Bit synchronous mode 

TXRDY = 0: In TX enable state, indicates that the data byte count in the transmit buffer is 

equal to or greater than TXFl + 1 (the value set by the TRC14-TRC10 bits of 
TRCl + 1) or indicates that the data byte count in the transmit buffer is NOT 
equal to or less than TXFO (the value set by the TRC04-TRCOO bits ofTRCO) 
after the data byte count has temporarily been equal to or greater than TXFl + 1. 
This bit is cleared in TX disable state or when an underrun error has occurred. 
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TXRDY = 1: In TX enable state, indicates that the data byte count in the transmit buffer is 
equal to or less than TXFO, or indicates that the data byte count in the transmit 
buffer is NOT equal to or greater than TXFl + 1 after the data byte count has 
temporarily been equal to or less than TXFO. 

The TXRDY bit has a hysteresis as shown in figure 5-2. 

TXFIFO 

... --.. , 
' ' TXF1+1 ' ' ' ' : 

' 
' TXFO 

t 

32 bytes 

O byte 

- TXRDY= 1 
---- TXRDY = O 

TXF1: A value set by the 
TRC14 to TRC1 Obits 

TXFO: A value set by the 
TRC04 to TRCOO bits 

Figure 5-2 TXRDY Hysteresis 

Writing a data word to the TX/RX buffer register (TRB) using the MPU with TXFl set to 31 
(lFH) eliminates the second byte of the data word. In this case, the TXRDY bit is asserted even 
when 31 bytes of data are in the TX FIFO. 

This situation does not occur in DMA transfer mode. 

Bit 0 (RXRDY: RX Ready): Indicates the receive buffer status. This bit is set to 1 when the data 
byte count in the receive buffer is equal to or greater than RXF + 1, (the value set by the 
RRC4-RRCO bits of the RX control register (RRC) + 1) regardless of the RX enable or RX 
disable status. In bit synchronous mode, this bit is also set to 1 when data with EOM enters the 
receive buffer. 

Once set to 1, this bit is not cleared until all the data has been read from the receive buffer. 

An RXRDY interrupt request is issued to the MPU when this bit and the RXRDYE bit of IEO are 
both set to I. A DMA request is issued to the on-chip DMAC when this bit is set to 1. For 
details, see section 5.8.1, Serial Data Transfer by the MPU and DMAC. 
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• Asynchronous/Byte synchronous/Bit synchronous mode 

RXRDY = 0: Indicates that the receive buffer is empty, or that, after the receive buffer is 
empty, the data byte count in the receive buffer is NOT equal to or greater than 
RXF + 1. In bit synchronous mode, this bit also indicates that no EOM data is in 
the receive buffer. 

RXRDY = 1: Indicates that the data byte count in the receive buffer is equal to or greater than 
RXF + 1, or that at least one byte of data still remains in the receive buffer after 
the data byte count in the receive buffer is temporarily equal to or greater than 
RXF + 1. In bit synchronous mode, this bit also indicates that one or more bytes 
of EOM data are in the receive buffer. 

5.2.10 MSCI Status Register 1 (STl) 

Status register 1 (STI) indicates status information such as break start/stop detection in 
asynchronous mode, underrun error, and SYN pattern detection in byte synchronous mode, 
underrun error, flag, abort, GA pattern, and idle start detection in bit synchronous mode, and also 
indicates transmitter idle status, and CTS and DCD input level changes in all modes. 

The reset descriptions of this register's bits are as follows: 

• Bits 7, 4, 3, 2, 1, and 0 are reset when 1 is written to the corresponding bit. 
• Bits 7, 6, and 3 are reset by a TX reset command. 
• Bit 6 is reset when data is written to the transmit buffer. 
• Bits 4, 2, 1, and 0 are reset by an RX reset command. 
• All bits are reset by a channel reset command or in system stop mode. 

When any bit of this register is set to 1, an MPU interrupt request is generated (if enabled). 
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7 

Async -·1 

Byte sync UDRN 

HDLC 

Loop 

Read/Write R/W 

Initial value 0 

Underrun error 
• Byte/Bit synchronous 

mode 
O: No underrun detected 
1: Underrun detected 

6 5 4 3 2 0 

IDL _•3 -·1 CCTS CDCD BRKD BRKE 
t---1 
SYNCD -·1 -·1 

FLGD ABTDf2 
IDLD 

GAPD 

R 

0 

R/W R/W R/W R/W R/W 

0 0 

I 
SYN pattern detection 
• Byte synchronous mode 
O: No pattern detected 
1 : Pattern detected 

Flag detection 
• Bit synchronous mode 
O: No flag detected 
1 : Flag detected 

0 0 0 

I 
DCDline 
level change 
O: Not changed 
1: Changed 

0 

I 
Break end 
• Asynchronous mode 
O: Break sequence end not detected 
1: Break sequence end detected 
Idle start detection 
• Bit synchronous mode 
O: Idle sequence start not detected 
1 : Idle sequence start detected 

CTS line Break detection 

Transmitter idle status 
O: Not idle 

level change • Asynchronous mode 
o: Not changed O: Break sequence starts not detected 
1: Changed 1: Break sequence starts detected 

1: Idle 
Abort detection/GA pattern detection 
• Bit synchronous mode 
O: Abort sequence start/GA pattern start not detected 
1: Abort sequence start/GA pattern start detected 

Notes: 1. Reserved. These bits always read 0 and can be set to O or 1. 
2. This bit can be accessed only in btt synchronous loop mode. 
3. Reserved. When read, this btt is undefined and must be set to 0. 

Bit 7 (UDRN: Underrun Error): Indicates whether or not an underrun error has occurred in 
byte or bit synchronous mode. (In asynchronous mode, underrun errors do not occur.) This bit is 
cleared when 1 is written to this bit position. 

• Asynchronous mode 

Reserved. This bit always reads 0 and can be set to 0 or 1. 

Byte synchronous/Bit synchronous mode 

UDRN = 0: Indicates that no underrun error has occurred 
UDRN = 1: Indicates that an underrun error has occurred 
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Bit 6 (IDL: Transmitter Idle Status): Indicates whether or not the MSC! transmitter is in idle 
state. This bit is cleared when the transmit data is written to the transmit buffer. 

• Asynchronous/Byte synchronous/Bit synchronous mode 

IDL = 0: Indicates that the transmitter is not in idle state 
IDL = 1: Indicates that the transmitter is in idle state 

Bit 5: Reserved. The value of this bit is undefined when read, and must be set to 0. 

Bit 4 (SYNCD/FLGD: SYN Pattern Detection/Flag Detection): Indicates whether or not 
synchronization has been established in byte or bit synchronous mode. This bit is cleared when 1 
is written to this bit position. 

• Asynchronous mode 

Reserved. This bit always reads 0 and can be set to 0 or 1. 

• Byte synchronous mode 

SYNCD = 0: Indicates that synchronization has not been established 
SYNCD = 1: Indicates that synchronization has been established (SYN pattern detection in 

mono-sync or bi-sync mode, or by the SYNC line input in external synchronous 
mode) 

• Bit synchronous mode 

FLGD = 0: Indicates that synchronization has not been established 
FLGD = 1: Indicates that synchronization has been established (flag pattern detection) 

Bit 3 (CCTS: CTS Line Level Change): Indicates whether or not the CTS line level has 
changed. This bit is cleared when 1 is written to this bit position. 

• Asynchronous/Byte synchronous/Bit synchronous mode 

CCTS = 0: Indicates that the CTS line level has not changed 
CCTS = 1: Indicates that the CTS line level has changed 

Bit 2 (CDCD: DCD Line Level Change): Indicates whether or not the DCD line level has 
changed. This bit is cleared when 1 is written to this bit position. 

• Asynchronous/Byte synchronous/Bit synchronous mode 

CDCD = 0: Indicates that the DCD line level has not changed 
CDCD = 1: Indicates that the DCD line level has changed 
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Bit 1 (BRKD/ABTD/GAPD: Break Start Detection/Abort Detection/GA Pattern Detection): 
Indicates the detection of a break start (space state) in asynchronous mode, an abort in bit 
synchronous HDLC mode, or a GA pattern in bit synchronous loop mode. This bit is cleared 
when 1 is written to this bit position. 

• Asynchronous mode 

BRKD = 0: Indicates that no break start has been detected 
BRKD = 1: Indicates that a break start 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 = 0: Indicates that neither an abort nor a GA pattern has been detected 
ABTD/GAPD = 1: Indicates that an abort has been detected in bit synchronous HDLC mode, 

or that a GA pattern has been detected in bit synchronous loop mode 

Bit 0 (BRKE/IDLD: Break End Detection/Idle Start Detection): Indicates the detection of a 
break end in asynchronous mode, or an idle start in bit synchronous mode. This bit is cleared 
when 1 is written to this bit position. 

• Asynchronous mode 

BRKE = 0: Indicates that no break end has been detected 
BRKE = 1: Indicates that a break end has been detected 

• Byte synchronous mode 

Reserved. This bit always reads 0 and can be set to 0 or 1. 

• Bit synchronous mode 

IDLD = 0: Indicates that no idle start has been detected 
IDLD = 1: Indicates that an idle start has been detected 
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S.2.11 MSCI Status Register 2 (ST2) 

Status register 2 (ST2) indicates status information such as parity/MP bit value, parity error 
detection, and framing error detection in asynchronous mode, CRC error detection in byte 
synchronous mode, receive frame end, short frame, abort end frame, residual bit frame, and CRC 
error detection in bit synchronous mode, and also indicates overrun error detection in all modes. 

This register is located at the t.op of the 32-stage status FIFO that corresponds to the receive buffer 
(figure 1-13). In CPU mode 1, this register is set by the top stage status of the status FIFO. In 
CPU modes 0, 2, and 3, this register is set by the OR of the second stage status and the t.op stage 
status of the status FIFO, except when the EOM bit of the top stage is 1. In this case, this register 
is set only by the t.op stage status. Once set to 1, no bit of this register is reset by a status FIFO 
change. For the CRCE bit clear conditions, see Bit 2 (CRCE: CRC Error) in this section. Note 
that the PMP bit is updated when the next receive character is ready to be read. 

The reset descriptions of this register's bits are as follows: 

• When 1 is written to a particular bit position, that bit is reset. 
• All bits are reset by an RX or a channel reset command. 
• All bits are reset in system stop mode. 
• All bits are reset when data is transferred to the frame status register (FST) (See section 5.2.13, 

MSCI Frame Status Register (FST)). 

When any bit of this register is set to 1, an MPU interrupt request is generated (if enabled). 
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7 6 5 4 3 2 0 

Async PMP PE FAME OVAN 

Byte sync CACE 

Bit sync EOM SHAT ABT ABIT 

Read/Write 

Initial value 

I 

0 

I 
Receive end of message 
• Bit synchronous mode 
O: Receive frame end 

not detected 
1: Receive frame end 

detected 
r 

Parity/MP bit 

0 

• Asynchronous mode 
O: Parity/MP bit = 0 
1: Parity/MP bit = 1 

Short frame 
• Bit synchronous mode 
O: Normal end of frame 
1: Short frame detected 

0 0 0 

I l 
Framing error 

0 
I 

• Asynchronous mode 
O: No framing error 

detected 

0 0 

I 
CRC error 
• Byte/Bit synchronous mode 
O: No CRC error detected 
1: CRC error detected 

1: Framing error 
detected Overrun error 

Residual bit frame 
• Bit synchronous 

mode 
O: Normal end of 

frame 
1: Residual bit frame 

detected 

Parity error 
• Asynchronous mode 

O: No overrun error detected 
1: Overrun error detected 

O: No parity error detected 
1: Parity error detected 
Abort end frame 
• Bit synchronous mode 
O: Normal end of frame 
1: Frame with abort end detected 

Note: The bits marked with • are reserved. These bits always read O and can be set to O or 1. 

Bit 7 (EOM: Receive End of Message): Indicates whether or not a receive frame has ended in 
bit synchronous mode. This bit is cleared when 1 is written to this bit position. 

• Asynchronous/Byte synchronous mode 

Reserved. This bit always reads 0 and can be set to 0 or 1. 
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• Bit synchronous mode 

The EOM bit indicates whether or not a receive frame has ended. When the CRCCC bit of 
mode register 0 (MDO) 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 of MDO is 0, the EOM bit is set to 1 by the last character 
of FCS. Also, when the receive frame end status indicates either a short frame, residual bit 
frame, or abort, the EOM bit is set to 1. 

EOM = 0: Indicates that the receive frame has not ended 
EOM = 1: Indicates that the receive frame has ended 

Bit 6 (PMP/SHRT: Parity/MP Bit/Short Frame): Indicates the parity/MP bit value in 
asynchronous mode, or short frame detection in bit synchronous mode. This bit is cleared when 1 
is written to this bit position. 

• Asynchronous mode 

The PMP bit indicates the status of the parity bit, MP bit, or receive character MSB according 
PMPMl-PMPMO: to the condition: indicates parity bit status when mode register l's (MDI) 
PMPMl-PMPMO bits are 10 or 11; indicates MP bit status when MD l's PMPMl-PMPMO 
bits are 01; and indicates receive character MSB status when MD l's PMPMl-PMPMO bits are 

00. 

The PMP bit is updated when the next receive character is ready to be read. 

PMP = 0: Indicates that the parity bit, MP bit, or receive character MSB is 0 
PMP = 1: Indicates that 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 short frame detection. When the CRCCC bit of MDO is 1, this bit is 
set to 1 by the last character in the I field if the receive frame is short and a part of the data is 
sent to the receive buffer. When the CRCCC bit is 0, this bit is set to 1 by the last character of 
FCS. 
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However, even when the receive frame is short, this bit is not set to 1 if no data is sent to the 
receive buffer. 

When the SHRT bit is set to 1, the EOM bit is also set to 1. 

For details, see Short Frame Detection, in section 5.3.3, Bit Synchronous Mode. 

SHRT = 0: Indicates that no short frame has been detected 
SHRT = 1: Indicates that a short frame has been detected and that a part of the data has been 

sent to the receive buffer 

Bit 5 (PE/ ABT: Parity Error/ Abort End Frame): Indicates detection of a parity error in 
asynchronous mode, or an abort end frame in bit synchronous mode. 

This bit is cleared when 1 is written to this bit position. 

• Asynchronous mode 

PE = 0: Indicates that no parity error has occurred 
PE= 1: Indicates that a parity error has occurred 

Once set to 1, this bit is not cleared until the receiver is reset or 1 is written 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 whether or not an abort end frame has been detected. 

This bit is set to 1 by the character preceding the abort sequence when the receive frame ends 
with an abort. When this bit is set to 1, the EOM bit is also set to 1. See Abort End Frame 
Reception Operation below. 

ABT= 0: Indicates that no abort end frame has been detected 
ABT= 1: Indicates that an abort end frame has been detected 

Bit 4 (FRME/RBIT: Framing Error/Residual Bit Frame): Indicates a framing error detection 
in asynchronous mode, and residual bit frame detection in bit synchronous mode. This bit is 
cleared when 1 is written to this bit position. 

• Asynchronous mode 

FRME = 0: Indicates that no framing error has occurred 
FRME = 1: Indicates that a framing error has occurred 
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Once set to 1, this bit is not cleared until the receiver is reset or 1 is written to this bit position. 

• Byte synchronous mode 

Reserved. This bit always reads 0 and can be set to 0 or 1. 

• Bit synchronous mode 

RBIT = 0: Indicates that no residual bit frame has been detected 
RBIT = 1: Indicates that a residual bit frame has been detected 

When the CRCCC bit of MDO is 1, this bit is set to 1 by the residual bit of the last character in 
the receive frame I field. When the CRCCC bit is 0, the RBIT bit is set to 1 by the residual bit 
of the last character of FCS. 

When the RBIT bit is set to 1, the EOM bit is also set to 1. See Residual Bit Frame Reception 
Operation below. 

Bit 3 (OVRN: Overrun Error): Indicates whether or not an overrun has occurred. This bit is 
cleared when 1 is written to this bit position. In asynchronous and byte synchronous modes, this 
bit is cleared when 1 is written to this bit position, or the receiver is reset. In bit synchronous 
mode, all bits of this register are also reset when the status data is loaded into the frame status 
register (FST). 

• Asynchronous/Byte synchronous/Bit synchronous modes 

OVRN = 0: Indicates that no overrun error has occurred 
OVRN = 1: Indicates that an overrun error has occurred 

Bit 2 (CRCE: CRC Error): Indicates whether or not a CRC error has occurred in byte or bit 
synchronous mode. 

• Asynchronous mode 

Reserved. This bit always reads 0 and can be set to 0 or 1. 

• Byte synchronous/Bit synchronous mode 

The CRCE bit indicates whether or not a CRC error has occurred. When the CRCCC bit of 
MDO is 1, this bit is set to 1 when a CRC error occurs. When the CRCCC bit is 0, this bit is 
not set to 1. 
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This bit is cleared when 1 is written to this bit position or when the CRC calculation result is 
normal. This bit is the only bit of ST2 that changes status as the status FIFO changes status. 
For the timing of enabling this bit, see CRC errors, in Error Checking in sections 5.3.2, Byte 
Synchronous Mode and 5.3.3, Bit Synchronous Mode. 

CRCE = 0: Indicates that no CRC error has occurred 
CRCE = 1: Indicates that a CRC error has occurred 

Bits 1-0: Reserved. These bits always read 0 and can be set to 0 or 1. 

Residual Bit Frame Reception Operation: A residual bit frame reception operation is shown in 
figure 5-3. Residual bit frame data is transferred from the receive shift register to the receive 
buffer, and the residual bit frame status is set in the status FIFO. 

Status 
Receive buffer FIFO 

q; ~=~ 
Empty 

Data 1 (8) 

Receive buffer 
MSB !Si 
~ ,_,_, 

Data 1 (8) 

Data 2 (8) 

Status 
FIFO 

' @' 
Residual ; 4J :;;- EOM = 1 
bit data (6) i :§ ~ RBIT = 1 

Data 2 (8) 

l 
Receive shift register l 1 Residual 

Flag (8) FCS2 (8) FCS1 (8) bit data (6) 
...___..._____..____..________,________, 

---?> 

FCS: Frame check sequence 
( ): Bit count 

Figure 5-3 Residual Bit Frame Reception Operation (CRCCC = 1) 

1. Residual bit data is transferred from the receive shift register to the receive buffer. At this 
time, the bits other than the residual data are undefined. 

2. The EOM and ~BIT bits of the status FIFO are set to 1. 
3. If enabled, an interrupt request is generated when the residual bit data is ready to be read. 

However, in bit synchronous mode, the residual bit interrupt must be disabled because receive 
status is usually read from the frame status register (FST). 
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Abort End Frame Reception Operation: An abort end frame reception operation is shown in 
figure 5-4. 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. 

Status Receive buffer Status 

Receive buffer FIFO MSB LSB FIFO 

~ ~· ~ ~ ~=~ 
Empty 

Data 1 (8) 

Data 1 (8) c> Data 2 (8) 

' C\I 
Data 2 (8) '.~ EOM=1 

'(I) 
Data 3 (6) : -g ~ 

l : => rS ABT= 1 

Receive shift register l 
)_ Abort (8) Data 5 (8) Data 4 (8) Data 3 (6) 

~ 

( ): Bit count 

Figure 5-4 Abort End Frame Reception Operation (CRCCC = 1) 

1. Part of the aborted data (data 3 in figure 5-4) is transferred from the receive shift register to 
the receive buffer. (Data 4 and 5 in figure 5-4 are not transferred to the receive buffer.) At 
this time, the bits other than this data are undefined. 

2. The EOM and ABT bits of the status FIFO are set to 1. 
3. If enabled, an interrupt request is generated when the last data in the frame is ready to be read. 

However, in bit synchronous mode, the abort end frame interrupt must be disabled because 
receive status is usually read from the frame status register (FST). 
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5.2.12 MSCI Status Register 3 (ST3) 

Status register 3 (ST3) indicates data transmit status in bit synchronous mode, whether or not the 
ADPLL is in search mode in byte or bit synchronous mode, and also indicates the CTS and DCD 
line levels and the transmitter/receiver status (enable or disable). This is a read-only register. 

The reset descriptions of this register's bits are as follows: 

• Bits 5, 3, and 1 are reset by a TX reset command 
• Bits 2 and 0 are reset by an RX reset command 
• All bits are reset by a hardware reset or a channel reset command 
• All bits are reset in system stop mode 

No bit of this register generates an interrupt. 

7 6 5 4 3 2 

Async -·1 -·1 -·1 -·1 CTS DCD 

Byte sync SRCH 

Bit sync SLOOP 

Read/Write R R R R 

Initial value 0 0 0 0 x·2 x·2 

I 
Sending on loop CTS input line status 
• Bit synchronous mode O: CTS low level 
O: Transmits no MSCI data 1 : CTS high level 
1: Transmits MSCI data 

Search mode 
• Byte/Bit synchronous mode 
O: ADPLL normal mode 
1: ADPLL search mode 

0 

TXENBL RXENBL 

R R 

0 0 

I 
TX enable 
O: Disable 
1: Enable 

RX enable 
O: Disable 
1: Enable 

DCD input line status 
O: DCD low level 

Notes: 1. Reserved. These bits always read 0. 
2. Undefined 
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Bits 7-6: Reserved. These bits always read 0. 

Bit 5 (SLOOP: Sending on Loop): Indicates MSCI data transmission status in bit synchronous 
mode. This bit is set to 1 when the MSCI is transmitting data, and is cleared otherwise. This is a 
read-only bit, and writing to it has no effect. 

• Asynchronous/Byte synchronous mode 

Reserved. This bit always reads 0. 

• Bit synchronous mode 

SLOOP= 0: Indicates that the MSCI is not transmitting data 
SLOOP= 1: Indicates that the MSCI is transmitting data 

Bit 4 (SRCH: Search Mode): Indicates whether or not the ADPLL is in search mode. This bit is 
valid for transmission using FM codes in byte or bit synchronous mode. This is a read-only bit, 
and writing to it has no effect. This bit is set to 1 by an enter search mode command, and cleared 
when the ADPLL detects a level change in receive data. 

• Asynchronous mode 

Reserved. This bit always reads 0. 

• Byte synchronous/Bit synchronous mode 

SRCH = 0: Indicates that the ADPLL is not in search mode 
SRCH = 1: Indicates that the ADPLL is in search mode 

Bit 3 (CTS: CTS Input Line Status): Indicates the CTS line level. This is a read-only bit, and 
writing to it has no effect. 

• Asynchronous/Byte synchronous/Bit synchronous mode 

CTS = 0: Indicates that the CTS input line is low 
CTS = 1: Indicates that the CTS input line is high 

Bit 2 (DCD: DCD Input Line Status): Indicates the DCD line level. This is a read-only bit, and 
writing to it has no effect. 

• Asynchronous/Byte synchronous/Bit synchronous mode 

DCD = 0: Indicates that the DCD input line is low 
DCD = 1: Indicates that the DCD input line is high 
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Bit 1 (TXENBL: TX Enable): Indicates whether the transmitter is enabled or disabled. 
Transmitter enable/disable selection is performed by a command. This is a read-only bit, and 
writing to it has no effect. 

• Asynchronous/Byte synchronous/Bit synchronous mode 

TXENBL = 0: Indicates that the transmitter is disabled 
TXENBL = 1: Indicates that the transmitter is enabled 

Bit 0 (RXENBL: RX Enable): Indicates whether the receiver is enabled or disabled. Receiver 
enable/disable selection is performed by a command. This is a read-only bit, and writing to it has 
no effect. 

• Asynchronous/Byte synchronous/Bit synchronous mode 

RXENBL = 0: Indicates that the receiver is disabled 
RXENBL = 1: Indicates that the receiver is enabled 

5.2.13 MSCI Frame Status Register (FST) 

The frame status register (PST) (figure 5-16) holds the status of the last frame received in bit 
synchronous mode. 

The reset descriptions of this register's bits are as follows: 

• When 1 is written to a particular bit position, that bit is reset 
• All bits are reset by an RX or channel reset command 
• All bits are reset in system stop mode 

When the EOMF bit is set to 1, an MPU interrupt request is generated (if enabled). The other bits 
do not generate interrupts. 
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Async 

Byte sync 

Bit sync 

Read/Write 

Initial value 

7 6 5 4 3 2 . . . . . . - - - - - -

EOMF SH RTF ABTF RBITF OVRNF CRCEF 

0 0 0 0 0 0 

Frame status at receive completion 

0 . . - -

0 0 

Note: The bits marked with • are reserved. These bits always read O and can be 
set to O or 1. 

When data with EOM bit = 1 (last character of the frame) is read from the receive buffer, the 
character status, which is reflected by bits 7-2 of status register 2 (ST2), is transferred and set in 
FST. This clears all bits of ST2 (figure 5-5). The definition of each bit of PST is the same as that 
of the corresponding bit of ST2. See section 5.2.11, MSCI Status Register 2 (ST2). 

Data read 

TRB 

1--- Receive _ 
buffer 

~~I __ St_a_tu_s_s_et_~ 
EOM L/ u 
~I 1~:-s_T_2 -'=.I ._I 1~! ___ __.I FST 

0 
1 : 

1------'--- Status 
t-- FIFO TRB: TX/RX buffer register 

ST2: Status register 2 
FST: Frame status register 

Figure 5-5 Frame Status Register (FST) 

A frame end interrupt is generated when status data is set in FST. After the interrupt has been 
generated, the status of the received frame can be read from FST. 

This method is used for MPU data transfer. In this case, residual bit frame interrupt, abort end 
frame interrupt, and CRC error interrupt must be disabled. 
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5.2.14 MSCI Interrupt Enable Register 0 (IEO) 

Interrupt enable register 0 (IEO) enables or disables the TXINT, RXINT, TXRDY, and RXRDY 
interrupt requests. Interrupt requests are issued to the :MPU when both the status register 0 (STO) 
bits and the corresponding bits of this register are set to 1. For details on interrupts, see section 
5.7, Interrupts. 

7 6 

Async TXINTE RXINTE 

Byte sync 

Bit sync 

Read/Write R/W R/W 

Initial value O 

~ 
TXINT interrupt 
enable 
O: Disable 
1: Enable 

0 

5 
-

0 

RXINT interrupt 
enable 
O: Disable 
1: Enable 

4 

-

0 

3 2 

- -

0 0 

~ 
TXRDY interrupt 
enable 
O: Disable 
1: Enable 

0 

TXRDYE RXRDY~ 

R/W R/W 

0 0 

RXRDY interrupt 
enable 
O: Disable 
1: Enable 

Note: Bits 5-2 are reserved. These bits always read O and must be set to 0. 

Bit 7 (TXINTE: TXINT Interrupt Enable): The function of this bit is described below. 

• Asynchronous/Byte synchronous/Bit synchronous mode 

TXINTE = 0: Disables an interrupt request set by the TXINT bit of STO 
TXINTE = 1: Enables an interrupt request set by the TXINT bit of STO; a TXINT interrupt 

request is issued to the :MPU when the TXINT bit of STO is set to 1 
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Bit 6 (RXINTE: RXINT Interrupt Enable): The function of this bit is described below. 

• Asynchronous/Byte synchronous/Bit synchronous mode. 

RXINTE = 0: Disables an interrupt request set by the RXINT bit of STO 
RXINTE = 1: Enables an interrupt request set by the RXINT bit of STO; a RXINT interrupt 

request is issued to the MPV when the RXINT bit of STO is set to 1 

Bits 5-2: Reserved. These bits always read 0 and must be set to 0. 

Bit 1 (TXRDYE: TXRDY Interrupt Enable): The function of this bit is described below. 

• Asynchronous/Byte synchronous/Bit synchronous mode 

TXRDYE = 0: Disables an interrupt request set by the TXRDY bit of STO 
TXRDYE = 1: Enables an interrupt request set by the TXRDY bit of STO; a TXRDY interrupt 

request is issued to the MPV when the TXRDY bit of STO is set to 1 

Bit 0 (RXRDYE: RXRDY Interrupt Enable): The function of this bit is described below. 

• Asynchronous/Byte synchronous/Bit synchronous mode 

RXRDYE = 0: Disables an interrupt request set by the RXRDY bit of STO 
RXRDYE = 1: Enables an interrupt request set by the RXRDY bit of STO; a RXRDY interrupt 

request is issued to the MPV when the RXRDY bit of STO is set to 1 

The relationship between the interrupt enable bit and status bit is shown in figure 5-6. 

Status bit =[)-
Interrupt enable bit . Interrupt request 

Figure 5-6 Interrupt Conditions 

As shown in figure 5-6, an interrupt request is issued only when both the status bit and the 
interrupt enable bit are 1. The same relationship holds true between interrupt enable registers 0-2 
(IEO-IE2) and status registers 0-2 (STO-ST2), and between the frame interrupt enable register 
(FIE) and the frame status register (FST). 
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5.2.15 MSCI Interrupt Enable Register 1 (IEl) 

Interrupt enable register 1 (IEI) enables or disables interrupt requests when the status bits of status 
register 1 (STl) are set to 1. For details on interrupts, see section 5.7, Interrupts. 

7 6 

A sync IDLE 
Byte sync UDR NE 
HDLC 

Loop 

Read/Write R/W R/W 

Initial value 0 O 

~__,' I 
IDL interrupt enable 
O: Disable 
1: Enable 

5 4 3 2 1 0 

CCTSE CDCDE BRKDE BRKEE 
1-----1 

SYNC DE 
f-------1 

FLGDE 
ABTDE/ IDLDE 
GAPDE 

R/W R/W R/W R/W R/W 

~o _ __,f. ~ 
CCTS interrupt 
enable 

0 0 

I 
BRKD interrupt enable 
·Asynchronous mode 
O: Disable O: Disable 

1: Enable 

UDRN interrupt enable 

1: Enable 
ABTD/GAPD interrupt 
enable 
• Bit sychronous mode 
O: Disable • Byte/Bit synchronous mode 

O: Disable 
1: Enable 

SYNCD interrupt enable 
• Byte synchronous mode 
O: Disable 
1: Enable 

FLGD interrupt enable 
• Bit synchronous mode 
O: Disable 
1: Enable 

1: Enable 

CDCD interrupt enable 
O: Disable 
1: Enable BRKE interruput enable 

• Asynchronous mode 
0: Disable 
1: Enable 

Note: The bits marked with • are reserved. These bits always 
read 0 and must be set to 0. 

IDLD interrupt enable 
• Bit synchronous mode 
O: Disable 
1: Enable 
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Bit 7 (UDRNE: UDRN Interrupt Enable): The function of this bit is described below. 

• Asynchronous mode 

Reserved. This bit always reads 0 and must be set to 0. 

• Byte synchronous/Bit synchronous mode 

UDRNE = 0: Disables an interrupt set by the UDRN bit of STl 
UDRNE = 1: Enables an interrupt set by the UDRN bit of STl; the TXINT bit of status 

register 0 (STO) is set to 1 when the UDRN and UDRNE bits are both 1 

Bit 6 (IDLE: IDL Interrupt Enable): The function of this bit is described below. 

• Asynchronous/Byte synchronous/Bit synchronous mode 

IDLE = 0: Disables an interrupt set by the IDL bit of STl 
IDLE= 1: Enables an interrupt set by the IDL bit of STl; the TXINT bit of STO is set to 1 

when the IDL and IDLE bits are both 1 

Bit S: Reserved. This bit always reads 0 and must be set to 0. 

Bit 4 (SYNCDFJFLGDE: SYNCD/FLGD Interrupt Enable): The function of this bit is 
described below. 

• Asynchronous mode 

Reserved. This bit always reads 0 and must be set to 0. 

• Byte synchronous/Bit synchronous mode 

SYNCDE/FLGDE = 0: Disables an interrupt set by the SYNCD/FLGD bit of STl 
SYNCDE/FLGDE = 1: Enables an interrupt set by the SYNCD/FLGD bit of STl; the RXINT 

bit of STO is set to 1 when the SYNCD/FLGD and SYNCDE/FLGDE 
bits are both 1 

Bit 3 (CCTSE: CCTS Interrupt Enable): The function of this bit is described below. 

• Asynchronous/Byte synchronous/Bit synchronous mode 

CCTSE = 0: Disables an interrupt set by the CCTS bit of STl 
CCTSE = 1: Enables an interrupt set by the CCTS bit of STl; the TXINT bit of STO is set to 

1 when the CCTS and CCTSE bits are both 1 
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Bit 2 (CDCDE: CDCD Interrupt Enable): The function of this bit is described below. 

• Asynchronous/Byte synchronous/Bit synchronous mode 

CDCDE = 0: Disables an interrupt set by the CDCD bit of STl 
CDCDE = 1: Enables an interrupt set by the CDCD bit of STl; the RXINT bit of STO is set 

to 1 when the CDCD and CDCDE bits are both 1 

Bit 1 (BRKDE/ABTDE/GAPDE: BRKD/ABTD/GAPD Interrupt Enable): The function of 
this bit is described below. 

• Asynchronous/Bit synchronous mode 

BRKDE/ABTDE/GAPDE = 0: Disables an interrupt set by the BRKD/ABTD/GAPD bit of 
STl 

BRKDE/ABTDE/GAPDE = 1: Enables an interrupt set by the BRKD/ABTD/GAPD bit of 
STl; the RXINT bit of STO is set to 1 when the 
BRKD/ABTD/GAPD and BRKDE/ABTDE/GAPDE bits are 
both 1 

• Byte synchronous mode 

Reserved. This bit always reads 0 and must be set to 0. 

Bit 0 (BRKEE/IDLDE: BRKE/IDLD Interrupt Enable): The function of this bit is described 
below. 

• Asynchronous/Bit synchronous mode 

BRKEE/IDLDE = 0: Disables an interrupt set by the BRKE/IDLD bit of STl 
BRKEE/IDLDE = 1: Enables an interrupt set by the BRKE/IDLD bit of STl; the RXINT bit 

of STO is set to 1 when the BRKE/IDLD and BRKEE/IDLDE bits are 
both 1 

• Byte synchronous mode 

Reserved. This bit always reads 0 and must be set to 0. 
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5.2.16 MSCI Interrupt Enable Register 2 (IE2) 

Interrupt enable register 2 (IE2) enables or disables interrupt requests when the status bits of status 
register 2 (ST2) are set to l. For details on interrupts, see section 5. 7, Interrupts. 

7 6 5 4 3 2 0 

Async PMPE PEE FRMEE OVRNE 

Byte sync CRCEE 

Bit sync EOME SHRTE ABTE RBITE 

Read/Write 

Initial value 

R/W R/W R/W R/W R/W R/W 

0 

I 
I 

EOM interrupt enable 
• Bit synchronous mode 
O: Disable 
1: Enable 

0 

. r 
PMP interrupt enable 
• Asynchronous mode 
O: Disable 
1: Enable 

SHRT interrupt enable 
• Bit synchronous mode 
O: Disable 
1: Enable 

0 0 

I 
0 

l 
0 
I 

FRME interrupt enable 
• Asynchronous mode 
O: Disable 
1: Enable 

RBITinterrupt enable 
• Bit synchronous mode 
O: Disable 
1: Enable 

0 0 

CRCE interrupt enable 
• Byte/Bit synchronous mode 
O: Disable 
1: Enable 

OVRN interrupt enable 
O: Disable 

PE interrupt enable 
• Asynchronous mode 
O: Disable 
1: Enable 
ABT interrupt enable 

1: Enable 

• Bit synchronous mode 
O: Disable 
1: Enable 

Note: The bits marked with * are reserved. These bits always read O and must be set to O. 
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Bit 7 (EOME: EOM Interrupt Enable): The function of this bit is described below. 

• Asynchronous/Byte synchronous mode 

Reserved. This bit always reads 0 and must be set to 0. 

• Bit synchronous mode 

EOME = 0: Disables an interrupt set by the EOM bit of ST2 
EOME = 1: Enables an interrupt set by the EOM bit of ST2; the RXINT bit of STO is set to 1 

when the EOM and EOME bits are both 1 

Bit 6 (PMPE/SHRTE: PMP/SHRT Interrupt Enable): The function of this bit is described 
below. 

• Asynchronous/Bit synchronous mode 

PMPE/SHRTE = 0: Disables an interrupt set by the PMP/SHRT bit of ST2 
PMPE/SHRTE = 1: Enables an interrupt set by the PMP/SHRT bit of ST2; the RXINT bit of 

STO is set to 1 when the PMP/SHRT and PMPE/SHRTE bits are both 1 

• Byte synchronous mode 

Reserved. This bit always reads 0 and must be set to 0. 

Bit S (PEE/ ABTE: PFJ ABT Interrupt Enable): The function of this bit is described below. 

• Asynchronous/Bit synchronous mode 

PEE/ABTE = 0: Disables an interrupt set by the PE/ABT bit of ST2 
PEE/ABTE = 1: Enables an interrupt set by the PE/ABT bit of ST2; the RXINT bit of STO is 

set to 1 when the PE/ABT and PEE/AB TE bits are both 1 

• Byte synchronous mode 

Reserved. This bit always reads 0 and must be set to 0. 

Bit 4 (FRMEE/RBITE: FRMFJRBIT Interrupt Enable): The function of this bit is described 
below. 

• Asynchronous/Bit synchronous mode 

FRMEE/RBITE = 0: Disables an interrupt set by the FRME/RBIT bit of ST2 
FRMEE/RBITE = 1: Enables an interrupt set by the FRME/RBIT bit of ST2; the RXINT bit of 

STO is set to 1 when FRME/RBIT and FRMEE/RBITE bits are both 1 
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• Byte synchronous mode 

Reserved. This bit always reads 0 and must be set to 0. 

Bit 3 (OVRNE: OVRN Interrupt Enable): The function of this bit is described below. 

• Asynchronous/Byte synchronous/Bit synchronous mode 

OVRNE = 0: Disables an interrupt set by the OVRN bit of ST2 
OVRNE = 1: Enables an interrupt set by the OVRN bit of ST2; the RXINT bit of STO is set to 

1 when the OVRN and OVRNE bits are both 1 

Bit 2 (CRCEE: CRCE interrupt enable): The function of this bit is described below. 

• Asynchronous mode 

Reserved. This bit always reads 0 and must be set to 0. 

• Byte synchronous/Bit synchronous mode 

CRCEE = 0: Disables an interrupt set by the CRCE bit of ST2 
CRCEE = 1: Enables an interrupt set by the CRCE bit of ST2; the RXINT bit of STO is set to 

1 when the CRCE and CRCEE bits are both 1 

Bits 1--0: Reserved. These bits always read 0 and must be set to 0. 
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5.2.17 MSCI Frame Interrupt Enable Register {FIE) 

The frame interrupt enable register {FIE) enables or disables interrupt requests when the EOMF 
bit of the frame status register (FST) is set to 1. 

7 6 5 . . 
Async - - -
Byte sync 

Bit sync EOMFE 

Read/Write R/W 

Initial value 0 0 

I 
EOMF interrupt enable 
• Bit synchronous mode 
O: Disable 
1: Enable 

0 

4 3 2 0 . . . . . - - - - -

0 0 0 0 0 

Note: The bits marked with * are reserved. These bits always read O and must 
be set to 0. 

Bit 7 (EOMFE; EOMF Interrupt Enable): The function of this bit is described below. 

• Asynchronous/Byte synchronous mode 

Reserved. This bit always reads 0 and must be set to 0. 

• Bit synchronous mode 

EOMFE = 0: Disables an interrupt set by the EOMF bit of FST 
EOMFE = 1: Enables an interrupt set by the EOMF bit of PST; the RXINT bit of STO is set to 

1 when the EOMF and EOMFE bits are both 1 

Bits 6-0: Reserved. These bits always read 0 and must be set to 0. 
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5.2.18 MSCI Synchronous/ Address Register 0 (SAO) 

Synchronous/address register 0 (SAO) specifies the SYN character pattern for reception in byte 
synchronous mono-sync mode, the low-order eight bits of the SYN character pattern for 
transmission and reception in byte synchronous bi-sync mode, and the secondary station address 
in bit synchronous mode. This register is not used in asynchronous or byte synchronous external­
sync mode. 

7 6 5 4 3 2 0 

Async - - - - - - - -
Byte sync SAO? SA06 SAOS SA04 SA03 SA02 SA01 SAOO 
Bit sync 

Read/Write 

Initial/value 

R/W R/W R/W R/W R/W R/W R/W R/W 

SYN pattern for 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 Not used 

• Bit synchronous mode 

No address field checked Not used 

HDLC Single address 1 Bits 7-0 of the secondary station address 

mode Single address 2 Not used 

Dual address Bits 7-0 of the secondary station address 

No address field checked Not used 

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 

Note: This register is not used in asynchronous mode. 
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Bits 7-0 (SA07-SAOO: Synchronous/ Address): The function of these bits is described below. 

• Asynchronous mode 

Not used 

• Byte synchronous (mono- or bi-sync) mode 

The SA07-SAOO bits specify bits 7-0 of the SYN character pattern for reception in mono-sync 
mode, and the low-order eight bits (bits 7-0) of the SYN character pattern for transmission and 
reception in bi-sync mode. 

• Bit synchronous mode 

The SA07-SAOO bits set the values shown in table 5-4 according to the address field check 
mode selected in HDLC or loop mode. 

Table 5-4 SA07-SAOO Function in Bit Synchronous Mode 

Mode Address Field Check Bits 7-0 of SAO 

HDLC mode No address field checked Not used 

Single address 1 Bits 7-0 of the secondary station address 

Single address 2 Not used 

Dual address Bits 7-0 of the secondary station address 

Loop mode No address field checked Not used 

Single address 1 Bits 7-0 of the secondary station address 

4-bit address Bits 7-4 of the secondary station address 

Dual address Bits 7-0 of the secondary station address 

Bits 3-0 of SAO are not used in 4-bit address mode of bit synchronous loop mode. 

157 



S.2.19 MSCI Synchronous/Address Register 1 (SAl) 

Synchronous/address register 1 (SAl) specifies the SYN character pattern for transmission in byte 
synchronous mono-sync or byte synchronous external-sync mode, the SYN character pattern for 
transmission and reception in byte synchronous bi-sync mode, and the secondary station address 
in bit synchronous mode. This register is not used in asynchronous mode. 

7 6 5 4 3 2 0 

Async - - - - - - - -

Byte sync SA17 SA16 SA15 SA14 SA13 SA12 SA11 SA10 

Bit sync 

Read/Write 

Initial value 

R/W R/W R/W R/W R/W R/W R/W R/W 

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 

No address field checked Not used 

HDLC Single address 1 Not used 

mode Single address 2 Bits 15-8 of the secondary station address 

Dual address Bits 15-8 of the secondary station address 

No address field checked Not used 

Loop Single address 1 Not used 
mode 4-bit address Not used 

Dual address Bits 15-8 of the secondary station address 

Note: This register is not used in asynchronous mode. 
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Bits 7-0 (SA17-SA10: Synchronous/Address): The function of these bits is described below. 

• Asynchronous mode 

Not used 

• Byte synchronous mode 

The SAl 7-SAIO bits specify bits 7--0 of the SYN character pattern for transmission in byte 
synchronous mono-sync or byte synchronous external-sync mode, and the high-order eight bits 
(bits 15-8) of the SYN character pattern in bi-sync mode. 

• Bit synchronous mode 

The SA17-SA10 bits set the values shown in table 5-5 according to the address field check 
mode selected in HDLC or loop mode. 

Table S-5 SA17-SA10 Function in Bit Synchronous Mode 

Mode Address Field Check Bits 7-0 of SA1 

HDLC mode No address field checked Not used 

Single address 1 Not used 

Single address 2 Bits 15-8 of the secondary station address 

Dual address Bits 15-8 of the secondary station address 

Loop mode No address field checked Not used 

Single address 1 Not used 

4-bit address Not used 

Dual address Bits 15-8 of the secondary station address 
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5.2.20 MSCI Idle Pattern Register (IDL) 

The idle pattern register (IDL) specifies the idle pattern output by the transmitter when it is in idle 
state. 

7 6 5 4 3 2 0 

Async - - - - - - - -
Byte sync IDL7 IDL6 IDL5 IDL4 IDL3 IDL2 IDL1 IDLO 
Bit sync 

Read/Write 

Initial value 

R/W R!W R!W R/W R!W R/W R/W R!W 

1 

Idle pattern 

Note: This register is not used in asynchronous mode. 

Bits 7-0 (IDL 7-IDLO: Idle Pattern): The function of these bits is described below. 

• Asynchronous mode 

Not used 

• Byte synchronous/Bit synchronous mode 

When the IDLC bit of the control register (CTL) is 1, the idle pattern set in this register is 
output from the TXD line during the idle state. When the IDLC bit is 0, the TXD line is fixed 
high. 
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5.2.21 MSCI TX/RX Buffer Register (TRB: TRBH, TRBL) 

The TX/RX buffer register (TRB: TRBH, TRBL), located at the top of the 32-stage 
transmit/receive buffer (TX/RX buffer), interfaces with the internal data bus. Although the TX 
and RX buffers are physically different, this register is used for both reading receive data from the 
RX register and writing transmit data to the TX buffer. 

TRBH 

TRBL 

Async 

Byte sync 

Bit sync 

Read/Write 

Initial value 

X: Undefined 

Async 

Byte sync 

Bit sync 

Read/Write 

Initial value 

X: Undefined 

7 6 5 4 3 2 0 

TRB15 TRB14 TRB13 TRB12 TRB11 TRB10 TRB9 TRB8 
(TRBH7) (TRBH6) (TRBHS) (TRBH4) (TRBH3) (TRBH2) (TRBH1) (TRBHO) 

R/W R/W R/W R/W R/W R/W R/W R/W 

x x x x x x x x 

Value written to, or read from, the transmit/receive buffer 

7 6 5 4 3 2 0 

TRB7 TRB6 TRBS TRB4 TRB3 TRB2 TRB1 TRBO 
(TRBL7) (TRBL6) (TRBLS) (TRBL4) (TRBL3) (TRBL2) (TRBL1) (TRBLO) 

R/W R/W R/W R/W R/W R/W R/W R/W 

x x x x x x x x 

Value written to, or read from, the transmit/receive buffer 
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TRBH Bits 7-0 (TRB1S-TRB8/TRBH7-TRBHO: TX/RX Buffer High Byte (TRBH)): The 
function of these bits is described below. 

• Asynchronous/Byte synchronous/Bit synchronous mode 

Reading TRBH bits 7--0 reads a receive character from the receive buffer. If data is read from 
these bits with the RXRDY bit of status register 0 (STO) cleared to 0, the values are undefined 
and subsequent operation is not guaranteed. 

Writing TRBH bits 7--0 writes a transmit character to the transmit buffer. If data is written to 

these bits with the TXRDY bit of STO cleared to 0, the write data and/or the data in the 
transmit buffer may be lost. 

TRBL Bits 7-0 (TRB7-TRBO/TRBL7-TRBLO: TX/RX Buffer Low Byte (TRBL)): The 
function of these bits' is described below. 

• Asynchronous/Byte synchronous/Bit synchronous mode 

Reading TRBL bits 7--0 reads a receive character from the receive buffer. If data is read from 
these bits, with the RXRDY bit of STO cleared to 0, the values are undefined and subsequent 
operation is not guarant~d. 

Writing TRBL bits 7--0 writes a transmit character to the transmit buffer. If data is written to 

these bits, with the TXRDY bit of STO cleared to 0, the write data and/or the data in the 
transmit buffer may be lost. 

TRB Read Operation: Data is read from the receive buffer at TRB read in the procedure listed 
in table 5-6 to table 5-8. 
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Table S-6 TRB Read Operation in CPU Mode 0 

Data Byte Count in Receive Buffer*1 

Read Mode Accessed Register•2 2 or More Bytes 1 Byte None 

Word read TRBH Data 1*3 Undefined*4 Undefined*4 

TRBL Data 0*3 Data 0*3 Undefined*4 

Byte read TRBH Data 0*3 Data 0*3 Undefined*4 

TRBL Data 0*3 Data 0*3 Undefined*4 

Table S-7 TRB Read Operation in CPU Mode 1 

Data Byte Count In Receive Buffer•1 

Read Mode Accessed Reglster•2 2 or More Bytes 1 Byte None 

Byte read TRBH Data 0*3 Data 0*3 Undefined*4 

TRBL Data 0*3 Data 0*3 Undefined*4 

Table S-8 TRB Read Operation in CPU Modes 2, 3 

Data Byte Count in Receive Buffer•1 

Read Mode Accessed Reglster*2 2 or More Bytes 1 Byte None 

Word read TRBH Data 0*3 Data 0*3 Undefined*4 

TRBL Data 1*3 Undefined*4 Undefined*4 

Byte read TRBH Data 0*3 Data 0*3 Undefined*4 

TRBL Data 0*3 Data 0*3 Undefined*4 

Notes: 1. Data byte count in the receive buffer is reflected by the CDE1 and CDEO bits of 

current status registers 1 and 0 (CTS1 and CTSO). 

2. TRBH and TRBL are simultaneously accessed in word read mode, and either TRBH 

or TRBL is accessed in byte read mode. 

3. Data O and 1 are arranged in the order shown in figures 5-7 (a) and (b). The serial 
unit sends data O and data 1 to the receive buffer in that order. 

4. H undefined data is read, subsequent operation is not guaranteed. Undefined data is 
not read in a built-in OMA transfer. 
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Data o 

Data 1 

(a) 2 Bytes of Data 
in RX FIFO 

Data o 

(b) 1 Byte of Data 
in RX FIFO 

Figure 5-7 Data Arrangement in Receive Buffer 

TRB Write Operation: Data is written to the transmit buffer at TRB write in the procedure as 
listed in table 5-9 to table 5-11. 

Table 5-9 TRB Write Operation in CPU Mode 0 

Empty Data Byte Count in Transmit Buffer*1 

Read Mode Accessed Register*2 2 or More Bytes 1 Byte None 

Word write TRBH 8*3 _•4 _•4 

TRBL A*3 _•4 _•4 

Byte write TRBH A*3 A*3 _•4 

TRBL A*3 A*3 -·4 

Table 5-10 TRB Write Operation in CPU Mode 1 

Empty Data Byte Count in Transmit Buffer*1 

Read Mode Accessed Register*2 2 or More Bytes 1 Byte None 

Byte write TRBH A*3 A*3 -·4 

TRBL A*3 A*3 _•4 
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Table 5-11 TRB Write Operation in CPU Modes 2, 3 

Empty Data Byte Count in Transmit Buffer*1 

Read Mode Accessed Register*2 2 or More Bytes 1 Byte None 

Word write TRBH A*3 _•4 _•4 

TRBL B*3 _•4 _•4 

Byte write TRBH A*3 A*3 _•4 

TRBL A*3 A*3 _•4 

Notes: 1. Because the empty data byte count in the transmit buffer is unknown to the user, 
extra care must be taken in writing data to the transmit buffer using the MPU. Set 
the TRC14-TRC1 Obits of TX ready control register 1 (TRC1) to 1 EH or less in CPU 
modes 0, 2, and 3 (1 FH in CPU mode 1 ), and confirm that the TXRDY bit of status 
register O (STO) is 1 before writing data to the transmit buffer. (Do not write data to 
the transmit buffer when the TXRDY bit is 0.) However, this procedure is not 
necessary in built-in OMA transfer. 

2. TRBH and TRBL are simultaneously accessed in word write mode, and either TRBH 
or TRBL is accessed in byte write mode. 

3. Empty bytes A and 8 are arranged in the order as shown in figures 5-8 (a) and (b). 
The transmit buffer sends A and B to the serial unit in that order. 

4. Data is lost except in built-in OMA transfer. Data in the transmit buffer is not lost, but 
writing data to the full buffer does not guarantee subsequent operation. 

8 A 

A Data 

Data Data 

(a) 2 Empty Bytes (b) 1 Empty Byte 

Figure 5-8 Empty Data Byte Arrangement in Transmit Buffer 
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5.2.22 MSCI RX Ready Control Register (RRC) 

The RX ready control register (RRC) determines the MSCI RX ready (RXRDY) activation 
condition. The function of this register is the same in asynchronous, byte synchronous, and bit 
synchronous modes. 

Async 

Byte sync 

Bit sync 

Read/Write 

Initial value 

7 

-

0 

6 5 

- -

0 0 

4 3 2 0 

RRC4 RRC3 RRC2 RRC1 ARCO 

R/W R/W R/W R/W R/W 

0 0 0 0 0 

RX ready control (RXF) 

Note: Bits 7-5 are reserved. These bits always read 0 and must be set to 0. 

Bits 7-5: Reserved. These bits always read 0 and must be set to 0. 

Bits 4-0 (RRC4-RRCO: RX Ready Control): Determine the MSCI RX ready (RXRDY) 
activation condition. When the data byte count in the receive buffer is equal to or greater than 
RXF + 1, that is, the value set by these bits+ 1, RX ready is activated. In other words, the 
RXRDY bit of status control register 0 (STO) is set to 1. (The RXRDY bit is set to 0 when there is 
no data left in the receive buffer.) Any value can be set in the range from OOH-lFH. 
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5.2.23 MSCI TX Ready Control Register 0 (TRCO) 

TX ready control register 0 (TRCO) determines the MSCI TX ready (TXRDY) activation 
condition. The function of this register is the same in asynchronous, byte synchronous, and bit 
synchronous modes. 

Async 

Byte sync 

Bit sync 

Read/Write 

Initial value 

7 

-

0 

6 5 

- -

0 0 

4 3 2 0 

TRC04 TRC03 TRC02 TRC01 TR COO 

RN./ RN./ R/W R/W R/W 

0 0 0 0 0 

TX ready control o (TXFO) 

Note: Bits 7-5 are reserved. These bits always read 0 and must be set to 0. 

Bits 7-5: Reserved. These bits always read 0 and must be set to 0. 

Bits 4-0 (TRC04-TRCOO: TX Ready Control 0): Determine the MSCI TX ready (TXRDY) 
activation condition. When the data byte count in the transmit buffer is equal to or less than 
TXFO, that is, the value set by these bits, TX ready is activated. In other words, the TXRDY bit 
of status control register 0 (STO) is set to I. Any value can be set in the range from OOH-lFH. 
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5.2.24 MSCI TX Ready Control Register 1 (TRCl) 

TX ready control register 1 (TRCl) determines the MSCI TX ready (TXRDY) inactivation 
condition. The function of this register is the same in asynchronous, byte synchronous, and bit 
synchronous modes. 

Async 

Byte sync 

Bit sync 

Read/Write 

Initial value 

7 

-

0 

6 5 

- -

0 0 

4 3 2 0 

TRC14 TRC13 TRC12 TRC11 TRC10 

R/W R/W R/W R/W R/W 

TX ready control 1 (TXF1) 

Note: Bits 7-5 are reserved. These bits always read O and must be set to 0. 

Bits 7-5: Reserved. These bits always read 0 and must be set to 0. 

Bits 4-0 (TRC14-TRC10: TX Ready Control 1): Determine the MSCI TX ready (TXRDY) 
inactivation condition. When the data byte count in the transmit buffer is equal to or greater than 
TXFl + 1, that is, the value set by these bits+ 1, TX ready is inactivated. In other words, the 
TXRDY bit of status control register 0 (STO) is set to 0. Any value can be set in the range from 
OOH-lFH. Note that TX ready is inactivated (the TXRDY bit of STO is set to 0) when the data 
byte count in the transmit buffer is equal to or greater than TXFl + 1, under the condition that 
TXFl is less than TXFO (the value set by TRC04-TRCOO bits of TX ready control register 0 
(TRCO)). 
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5.2.25 MSCI Current Status Register 0 (CSTO) 

Current status register 0 (CSTO) monitors the top stage of the MSCI's 32-stage status FIFO. This 
register indicates whether or not data is in the top stage of the receive buffer, and if there is any 
data, indicates the status of the data. 

This register is reset under either of the following conditions: 

• RX reset command 
• Channel reset command 
• System stop mode 

No bit of this register generates any interrupt. 

Async 

Byte sync 

Bit sync 

Read/Write 

Initial value 

7 . -

EOMCO 

R 

0 

6 

PMPCO . -

SHRTCO 

R 

0 

5 

PECO . -
ABTCO 

R 

0 

4 

FRMECO . -
RBITCO 

R 

0 

3 

pVRNCO 

R 

0 

2 . -
CRCECO 

R 

0 

Data status in the top stage of the receive buffer 

. -

0 

0 

CDEO 

R 

0 

I 
Current data 0 
O: No data exists 
1: Data exists 

Note: The bits marked with • are reserved. These bits always read 0. 
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Bits 7-2: Indicate the status of the data in the top stage of the receive buffer. These bits are 
arranged in the same way as bits 7-2 of the status register (ST2). When data is in the top stage of 
the receive buffer, the status of the top stage of the status FIFO is set to these bits. The status is 
activated when the TX/RX buffer register (TRB) is ready to be read. When data is read from 
TRB, the status of the data is cleared and replaced by the status of the following data. When there 
is no subsequent data, the status remains cleared. 

Bit 1: Reserved. This bit always reads 0 and must be set to 0. 

Bit 0 (CDEO: Current Data 0): Indicates that data is in the top stage of the receive buffer. This 
bit is set to 1 when TRB is ready to be read, and is cleared when data has been read and there is no 
subsequent data. 

CDEO = 0: Indicates that no data is in the top stage of the receive buffer 
CDEO = 1: Indicates that data is in the top stage of the receive buffer 

This register monitors the status of only the top stage of the receive status FIFO in CPU modes 0, 
2, and 3, which is different from status register 2 (ST2). ST2 monitors the OR of the status of the 
top and second stages of the receive status FIFO. This register is also characterized by its 
capability of monitoring the presence/absence of data in the top stage of the receive buffer. As a 
result, monitoring this register and current status register 1 (CSTI) enables the user to determine 
which data status has generated an interrupt, and whether or not the following data can be read by 
word. For CSTI, see section 5.2.26, MSCI Current Status Register 1 (CSTI). 
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5.2.26 MSCI Current Status Register 1 (CSTl) 

Current status register 1 (CSTl) monitors the second stage of the MSCI's 32-stage status FIFO. 
This register indicates whether or not data is in the second stage of the receive buffer, and if there 
is any data, indicates the status of the data. 

This register is reset under either of the following conditions: 

• RX reset command 
• Channel reset command 
• System stop mode 

No bit of this register generates an interrupt. 

Async 

Byte sync 

Bit sync 

Read/Write 

Initial value 

7 . -

EOMC1 

R 

0 

6 

PMPC1 . -
SHRTC1 

R 

0 

5 

PEC1 . -
ABTC1 

R 

0 

4 

FRMEC1 . -

RBITC1 

R 

0 

3 

OVRNC1 

R 

0 

2 . -
CRCEC1 

R 

0 

-

0 

Data status in the second stage of the receive buffer 

. 

Note: The bits marked with* are reserved. These bits always read 0. 
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0 

CDE1 

R 

0 

I 
Current data 1 
0: No data exists 
1 : Data exists 



Bits 7-2: Indicate the status of the data in the second stage of the receive buffer. These bits are 
arranged in the same way as bits 7-2 of status register 2 (ST2). When data is in the second stage 
of the receive buffer, the status of the second stage of the status FIFO is set to these bits. The 
status is activated when the TX/RX buffer register (TRB) is ready to be read. When data is read 
from TRB, the status of the data is cleared and replaced by the status of the following data. When 
there is no subsequent data, the status remains cleared. 

Bit 1: Reserved. This bit always reads 0 and must be set to 0. 

Bit 0 (CD El: Current Data 1): Indicates that data is in the second stage of the receive buffer. 
This bit is set to 1 when TRB is ready to be read, and is cleared when data has been read with no 
subsequent data. 

CDEl = 0: Indicates that no data is in the second stage of the receive buffer 
CDEl = 1: Indicates that data is in the second stage of the receive buffer 

This register and current status register 0 (CSTO) are used by the MPU for interrupt processing 
and receive buffer access. For details, see section 5.2.25, MSCI Current Status Register 0 (CSTO). 
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5.3 Operation 

5.3.l Asynchronous Mode 

In asynchronous mode, a start bit and stop bit(s) are appended to the character before transmission 
to synchronize character. In this mode, the transmission line is normally high (mark); when the 
line goes low, that is, when a start bit is detected, data transmission starts. 

The start bit is followed by data, which begins with the least significant bit (LSB), that is, bit 0. 
The data may be optionally followed by a parity/MP bit. The data transmission ends with 1, 1.5, 
or 2 stop bits. 

Figure 5-9 shows the character format for asynchronous mode. In this mode, data is transmitted 
and received in character units which may be 5 to 8 bits in length. When the character length is 5 
to 7 bits, each received character is extended to 8 bits, by padding the high-order bits with Os. 

The PRTCL2-PRTCLO bits of mode register 0 (MDO) specify asynchronous mode. The 
TXCHRl-TXCHRO and RXCHRl-RXCHRO bits of mode register 1 (MDI) specify the character 
length; the STOPl-STOPO bits ofMDO specify the stop bit length (for details on how to set these 
bits, see section 5.2.I, MSCI Mode Register 0 (MDO), and section 5.2.2, MSCI Mode Register I 
(MDI)); and the PMPMl-PMPMO bits of MDI specify the parity/MP bit setting. In 
asynchronous mode, only the NRZ type code is available. 

l Start bit I 0 0 

Idle state 

0 1 I : _~_D_n_~~-~-rit-~-~, Stop bit(s)(mark) 

1:--""'"'f"'-- 5, 6, 7, or 8 bits "'I"' A "'i1"'A ""'I 
1 bit 1 b' -"I' 'L 1 b' O or 1t 1, .5, or 2 its 

Unit of data 

Figure 5-9 Character Format for Asynchronous Mode 
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The transmit and receive bit rates can be independently selected from the input freqency ratios 
1/1, 1/16, 1/32, or 1/64 by using the BRATEl-BRATEO bits ofMDl (figure 5-10). Since data is 
sampled at the rising edge of the clock pulse, bit-by-bit synchronization is necessary when the 1/1 
clock mode is selected (figure 5-11). 

External line 

(TXCline) -----,~ 11 116 1/32 ~ !,!,' T 'tt 
Baud rate or 1 /64 divider ransmi er 

1----~ '--~~~~~~~~---'-
generator 1---~ 

External line -------1----,,c: i 

(RXC line) 111, 1/16, 1/32, 
or 1 /64 divider 

,_____.,,. Receiver 

Figure 5-10 Bit Rate Selection 

Receive data 

Receive clock 

Sampling at the rising edge of the clock pulse 

Figure 5-11 Data Sampling Timing (1/1 clock mode) 

The external clock or internal baud rate generator output can be program-selected as the 
input/output clock. The ADPLL clock extraction function is not available in asynchronous mode. 
The clock can be specified with the RX clock source register (RXS) and TX clock source register 
(TXS). For details, see section 5.2.5, MSCI RX Clock Source Register (RXS), and section 5.2.6, 
MSCI TX Clock Source Register (TXS). 

For details on the internal baud rate generator, see section 5.6, Baud Rate Generator. 
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Transmission Operation: Figure 5-12 is the state transition diagram for transmission in 
asynchronous mode. 

• TX disable state 

The transmitter is placed in TX disable state by a hardware reset, a channel reset, a TX reset, 
or a TX disable command. In this state, the TXD line is high (mark), and the TXRDY bit of 
status register 0 (STO) is cleared. 

• Idle state 

The TX enable command sets the transmitter in idle state from TX disable state. In idle state, 
the TXD line remains high (mark) until transmit data is written to the transmit buffer. When 
the transmit data is written, the transmitter enters start bit transmit state. 

• Start bit transmit state 

The TXD line is low (space) for one bit cycle. Then the transmitter enters character transmit 
state. 

• Character transmit state 

The transmitter transmits a character from the transmit buffer, beginning with the LSB. 

• Parity/MP bit transmit state 

The transmitter sends a parity or an MP bit as specified with the PMPMI-PMPMO bits of 
MDL For details, see Parity/MP Bit below. 

• Stop bit transmit state 

The transmitter sends stop bit(s) as specified with the STOPl-STOPO bits of MDO, and then 
returns to idle state. 

• Break transmit state 

The TXD line goes low (space). The transmitter transmits a break when the BRK bit of the 
control register (CTL) is set to 1. The TXD line remains low until the BRK bit is cleared. 

• One-bit cycle mark transmit state 

The TXD line goes high (mark) and remains so for one bit cycle after the break transmit state is 

cancelled. 
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"TX disable" 
issued after transmission 

"TX disable" not issued 
and data remaining in 
transmit buffer 

No data remaining in transmit 
Data written to transmit buffer utter after transmission 

Parity/MP detected 
after transmission 

No parity/MP 
detected after 
transmission 

Data remaining 
in transmit buffer 
after transmission 

Note: Command names are enclosed in double quotation marks(""). 

Figure 5-12 State Transition Diagram for Transmission in Asynchronous Mode 

Transmission operation starts when a transmit character is written to the transmit buffer in idle 
state. The transmit line output changes at the falling edge of the transmit clock pulse as shown in 
figures 5-13 (a) and (b). This example uses an 8-bit character, one stop bit, with parity. 

A stop bit length of 1, 1.5, or 2 can be specified in 1/16, 1/32, or 1/64 clock mode. In 1/1 clock 
mode, only a stop bit length of 1 or 2 is available. Even if 1.5 is specified in this mode, 1 or 2 
stop bits will be used. 
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Transmit character writing 
.[). 

Idle state I >< 

Transmit 
clock 

Transmit 
data 

Start bit transmission 

i 
>/< 

Start bit 

II 

Character transmission 

(a) 1/1 Clock Mode 

Stop bit 
Parity bit transmission 

tranJmission l ldl~ state 

:+:: >/< >/< 

P: Parity bit 

Stop bit(s) 

Transmi~1nnnnJ1nnnnJli n n n n n 
clock LJ LJ LJ LJ LJ L 

I< >I 
16, 32, or 64 clock cycles 

P: Parity bit 

(b) 1116, 1/32, or 1164 Clock Mode 

Figure 5-13 Transmission Operation 
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Reception Operation: Figure 5-14 is the state transition diagram for reception in asynchronous 
mode. 

• RX disable state 

The receiver is placed in RX disable state by a hardware reset, a channel reset, an RX reset, or 
an RX disable command. In this state, the receiver ignores the input from the RXD line and 
does not perform a reception operation. The contents of the receive shift register are lost, but 
the value of the receive buffer is not affected. 

• Start bit search state 

RX enable sets the receiver in start bit search state from RX disable state. In the start bit search 
state, the receiver samples the RXD line level at the rising edge of each receive clock pulse 
until a low level is detected. 

• Start bit check state 

On detecting a low level while in start bit search state, the receiver enters start bit check state. 
In this state, the receiver waits for half a bit cycle and then samples the RXD line again. If the 
line is still low, the receiver enters character assembly state. If the line is not low, the receiver 
returns to start bit search state. If the line remains at space, the receiver enters character 
assembly state. 

In 1/1 clock mode, the RXD line is not retested, and the receiver enters character assembly 
state immediately after space detection. 

• Character assembly state 

The receiver samples the received data at each bit cycle and assembles a character. The 
receiver ends character assembly when the first stop bit is detected. 

• Half-bit cycle wait state 

If a framing error occurs after character assembly, the receiver waits for half a bit cycle in order 
to skip the stop bit associated with the framing error, and then enters start bit search state. 

For details on a framing error, see Error Checking in this section. 

• Break end wait state 

On detecting a break after character assembly, the receiver enters break end wait state, where it 
samples the RXD line level at each clock cycle until the line goes high (mark). 

For details on a break, see Break Transmission and Detection. 
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• Break end check state 

On detecting a high level while in break end wait state, the receiver enters break end check 
state. In this state, the receiver waits for half a bit cycle and then samples the RXD line level 
again. If the line remains high, the receiver enters start bit search state. If the line does not 
remain high, the receiver returns to break end wait state. 

In 1/1 clock mode, the RXD line is not retested, and the receiver enters start bit search state 
immediately after mark detection. 

Initialization by reset 

"RX reset", "RX disable" 
or "channel reset" issued · 
in any stale 

No mark C 
detected 

No space detected 

() 

Break detected 
after assembly 

Mark detected 
(other than 1/1 clock mode) 

NG (space) 

Framing error 
detected, 
but no break 
detected after 
assembly 

OK Mark 
(mark) detected 

(1/1 clock 
mode) 

Note: Command names are enclosed in double quotation marks (""). 

Figure S-14 State Transition Diagram for Reception in Asynchronous Mode 
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The timing of sampling receive data is shown in figures 5-15 (a) and (b ). This example uses an 
8-bit character and one stop bit, with parity. 

Receive data : Do 
' ' ' 
' ' Sampling 

' t ' 

t t 
' 

__._____.._~____,,1 \1----~t ~t_t~~t-
Sto<Wt~ I 

.IJ, 
Start bit detected 

Receive data Do 
I 

' ' ' 
~~mpl-1111111 1 1 

Character assembly 

(a) 1 /1 Clock Mode 

01 :: Os 
' 
' ' 
' 
' ' 

t II t 

~ 
~ 

Start bit search 

Stop bit check 

P: Parity bit 

07 p 

' ' ' ' 

t t ttttttt 
Start bit search 1 ~ ~--C-h-a-ra-c-te-r~a-s-se_m_b_ly--~ 

Start bit check 
(~ 

Space detected Stop bit check 

P: Parity bit 

(b) 1/16, 1/32, or 1/64 Clock Mode 

Figure 5-15 Receive Data Sampling Timing 
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Reception operation starts when an RX enable command is issued. 

In 1/1 clock mode, the receiver searches for a start bit at the rising edge of each clock pulse. On 
detecting a space (low level), the receiver begins character assembly at the rising edge of the next 

clock pulse. 

Character assembly involves assembling a character by loading bit data, which has been sampled 
at each clock cycle, into the receive shift register, as shown in figure 5-16. 

More specifically, the receiver loads data into the receive shift register so that the data has the 
character length specified with the RXCHRl-RXCHRO bits of MDI, and then samples the parity 
or MP bit (if it exists). In the next clock cycle, the receiver samples the stop bit to complete the 
character assembly process. Here, the receiver shift register value is loaded into the receive 

buffer. 

The receiver resumes searching for a start bit one clock cycle after the completion of the character 
assembly process. 

Receive data------~ 

8-bit length 

7-bit length 
6-bit length 

5-bit length 
-+-------<•Shift direction 

Receive shift register ----Sampling clock 
~~-~-.._,~.......-~-~~~ 

7 0 
Receive buffer 

Figure 5-16 Character Assembly in the Receive Shift Register 

Similarly in 1/16, 1/32, or 1/64 clock mode, the receiver searches for a start bit by sampling the 
line level at the rising edge of each clock pulse. On detecting a space (low level), the receiver 
waits for half a bit cycle, and samples the line level again to verify that the line remains low. If 
the line remains low, the receiver starts character assembly after a delay of one bit cycle. If the 
line is high, the receiver resumes start bit searching, interpreting the previously detected space as 
noise (figures 5-17 (a) and (b)). 
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Receive data 

t- Character -
I assembly 

-----v-----" 
Start bit search Start bit check (space detected) 

Space detected 

(a) True Start Bit Detection 

Receive data 

Sampling timing 
~~~~"""+~+-'-'~~~~ 

-----v-----" 
Start bit search 

'----------v­
Start bit search 

Start bit check (mark detected) 

Space detected 

(b) False Start Bit (Noise) Detection 

Figure 5-17 Start Bit Sampling 
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In the character assembly process, the receiver samples data every other bit cycle. On detecting 
the most significant bit (MSB) or the parity bit (if present), the receiver checks the stop bit after a 
delay of one bit cycle. If the RXD line is high (normal), the receiver begins start bit searching 
immediately. If the line is low (framing error), the receiver begins start bit searching after a delay 
of half a bit cycle. 

In 1/16, 1/32, or 1/64 clock mode, the noise suppression function operates for start bit, character, 
parity bit, and stop bit sampling. 

The noise suppression function operates by using the RXD line level that occurs in two of three 
sampling timings, which are the current sampling timing and the two preceding sampling timings 
(figure 5-18). 

Start bit search 
Start bit detected 

J} 
Start bit check 

J} 

Receive clock 

Receive line 

Sampling data 

Figure 5-18 Noise Suppression Function 

In asynchronous mode, the receivable character length is 8 to 5 bits, which is specified with the 
RXCHR 1-RXCHRO bits of MD 1. 

Figure 5-19 shows the receive data format. When the character length is 7 to 5 bits, the high-order 
bits are padded with Os. 
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8 bits/character I D1 l Ds l Ds l D4 I Da l D2 l D1 l Do l 

7 bits/character O I Ds J Ds I D4 I Da l D2 J D1 I Do I 

6 bits/character O O I Ds I D4 I Da I D2 I D1 I Do I 

5 bits/character O O O l D4 l Da J D2 J D1 J Do I 

Figure 5-19 Receive Character Format 

Parity/MP Bit: An even or odd parity bit or an MP bit can be appended to transmit/receive 
characters, as specified with the PMPMl-PMPMO bits of MDL 

When an even parity bit is specified, the transmitter counts the number of ls in the transmit 
character and appends a 0 if the number is even or a 1 if the number is odd. In this way, the total 
number of ls actually transmitted should be even. The receiver checks whether or not the total 
number of ls in the received character and parity bit is even. 

Similarly, when an odd parity bit is specified, the value of the parity bit is set so that the total 
number of ls transmitted should be odd. 

When the MP bit is specified, an MP bit is appended to transmit and receive characters to enable 
multiprocessor communication support. 

For details, see Multiprocessor Support. 

Error Checking: Involves the following items. 

• Parity check 

Received data is checked to see whether it has the proper parity. 

When even parity is specified and the total number of ls in the received character and the 
parity bit is odd, the PE (parity error) bit of status register 2 (ST2) is set to 1 when the received 
data containing the parity error is ready to be read. The situation for odd parity is the same 
except that an even number of ls triggers the error. 

184 



For details on the PE bit, see section 5.2.11, MSCI Status Register 2 (ST2). 

Even if a parity error occurs, the data is received normally. However, the PE bit cannot be 
cleared even if the subsequent data causes no parity error. It can be cleared only when a 1 is 
written to the bit position or ST2 is reset. 

When the PE bit is set to 1, an interrupt request is generated (if enabled). 

• Framing error 

A space detected where a stop bit should be causes a framing error. The FRME bit of ST2 is 
set to 1 when the received data containing a framing error is ready to be read. Here, an 
interrupt request is generated (if enabled). Even if the stop bit length is 1.5 or 2 bits, only the 
first bit is checked. 

For details on the FRME bit, see section 5.2.11, MSCI Status Register 2 (ST2). 

A framing error does not stop the recepti<?n operation. In 1/1 clock mode, start bit searching 
resumes at the clock cycle following detection of the framing error. In 1/16, 1/32, or 1/64 clock 
mode, searching resumes after a delay of a half-bit cycle that skips invalid stop bit(s). 

Once the FRME bit is set to 1 by a framing error, it cannot be cleared even if subsequent data 
causes no framing error. It can be cleared only when a 1 is written to the bit position orST2 is 
reset. 

• Overrun error 

An overrun error occurs when the receive buffer is full when new data is transferred. 

When an overrun error occurs, the new data overwrites the bottom stage of the receive buffer, 
erasing the previous data. At the same time, the bottom stage of the receive status FIFO is 
overwritten with the status (indicating an overrun) of the new data. 

The OVRN bit of ST2 is set to 1 when the overwritten data is ready to be read. Here, an 
interrupt request is generated (if enabled). For details on the OVRN bit, see section 5.2.11, 
MSCI Status Register 2 (ST2). 

Even if an overrun error occurs, subsequent data is received normally. However, the OVRN 
bit cannot be cleared even if the subsequent data causes no overrun error. It can be cleared only 
when a 1 is written to the bit position or ST2 is reset. 
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Break Transmission and Detection: When the transmitter must suspend data transmission, it 
transmits a break (space or low level). 

Normally, the transmitter 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 controlled by the BRK bit of CTL. When this bit is set to 
1, the TXD line goes low at the falling edge of the next transmit clock pulse. When this bit is 
cleared, the TXD line goes high at the falling edge of the next transmit clock pulse to cancel 
break transmission. At break transmission cancellation, the transmitter guarantees one or more bit 
cycles of high level to next start bit. 

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 in the following procedure: 

On receiving data whose data bits and parity bits are all Os and contain a framing error, the 
receiver assumes it to be the start of a break, and sets the BRKD bit of STI to 1. Here, the null 
character containing the framing error is discarded (not transferred to the receive buffer). 

If break transmission starts during character transmission, the break transmission must continue 
for two or more character cycles. The reason for this can be seen from figure 5-20, which shows 
break detection by the receiver. 

On detecting a mark (high level) of a half-bit cycle or longer after detecting the start of a break, 
the receiver assumes it to be the end of a break, and sets the BRKE bit of STI to 1. (In 1/1 clock 
mode, detection of the first mark causes the break to end.) 

When the BRKD or BRKE bit is set to 1, an interrupt request is generated (if enabled). 

Do 01 -----

Start bit detected 

Start bit search started 
and space detected 

Break start detected 
(The received null 
character is not sent 
to the receive buffer) 

Figure 5-20 Break Detection by the Receiver 
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The transmitter generally transmits a break using the following procedure: 

1. Waits for the end of transmission (idle status) 
2. Writes a 1 to the BRK bit 
3. Waits one or more character cycles 
4. Writes a 0 to the BRK bit 

Multiprocessor Support: The MSCI supports a function which specifies whether a specific 
terminal should receive or ignore data in character units. This is useful for communications 
between multiple terminals. 

In multiprocessor mode, a character format is used in which an MP bit is appended instead of a 
parity bit. This format can be specified by the PMPMl-PMPMO bits of MDL 

In multiprocessor mode, data should usually be transmitted with the MP bit set to 0. However, the 
user can set the MP bit to 1 by issuing an MP bit on command immediately before transferring the 
transmit data to the transmit buffer. This command is valid for only one data transmission after it 
is issued. 

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 is ready to be read, the value of the MP bit is 
set to ST2. 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 command and search MP bit command, see section 5.2.8, MSCI 
Command Register (CMD). 

Figure 5-21 shows communications between multiprocessors by using the MP bit. 
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Station 
T 

Station 
c (2) 

Station 
D (3) 

MP = 1 MP = O MP = 1 MP = O 

Figure 5-21 MP Bit Operation Example 

In figure 5-21, Tis a transmit station, and A, B, C, and Dare receive stations. Receive stations A, 
B, C, and Dare assigned addresses 0, 1, 2, and 3, respectively. 

For transmitting data from T to B, transmit station T sends address (1), with MP bit set to 1, to the 
communication path. The receive stations all monitor the communications path. When they 
receive data with the MP bit= 1, they assume 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 it is the destination of subsequent data with the MP bit= 0. Other receive 
stations A, C, 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 the MP bit set to 1, and then transmitting the data, with the MP bit set to 0. 

If the transmit station wants to send data to a different receive station, it transmits the new station 
address, with the MP bit set to 1, to clear the search MP bit command. The transmit station can 
use the same procedure as described above to communicate with any desired receive station. 
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5.3.2 Byte Synchronous Mode 

In byte synchronous mode, synchronization of characters is accomplished by adding a SYN 
character pattern to the beginning of the transmit or receive data. 

MSCI byte synchronous mode supports mono-sync, bi-sync, and external synchronous modes. In 
mono- or bi-sync mode, a one- or two-byte SYN character pattern is added for synchronization, 
respectively. In external synchronous mode, the SYNC line is activated for synchronization. Byte 
synchronous mode is specified with the PRTCL2-PRTCLO bits of mode register 0 (MDO). 

The character format for byte synchronous mode is shown in figure 5-22. 

Synchronization 
i-----:--- pattem ---.----- Part to be transferred to the receive buffer ----·I 

I• 8 bits + 8 bits + 8 bit x N (N <? 1) + 16 bits •I 
SYNC = low level (receiver) 

. I· + External synchronous mode -------- } 

--------- Part to be Mono-sync mode ---------- transmitted 

------------Bi-sync mode------------

Note: Data field and CRC fields are received from the least significant bit. 

Figure 5-22 Character Format for Byte Synchronous Mode 

The SYN character pattern lengths for transmission and reception in byte synchronous mode are 
listed in table 5-12. 

Table 5-12 SYN Character 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 
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The SYN character pattern is specified by synchronous/address registers 0 and 1 (SAO and SAl). 

To transmit a header preceding the SYN character pattern, write the header pattern to the idle 
pattern register (IDL), and delay data write to the transmit buffer. The transmitter keeps 
transmitting the header until data is written to the transmit buffer. (For details, see section 5.2.4, 
MSCI Control Register (CTL), section 5.2.18, MSCI Synchronous/Address Register 0 (SAO), 
section 5.2.19, MSCI Synchronous/Address Register 1 (SAl), and section 5.2.20, MSClldle 
Pattern Register (IDL).) 

The receiver does not reestablish 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 according to the setting of the SYNCLD bit of CTL. (For details, see section 5.2.4, 
MSCI Control Register (CTL).) 

Transmission Operation: Figure 5-23 is the state transition diagram for transmission in byte 
synchronous mode. 

• TX disable state 

The transmitter is placed in TX disable state by a hardware reset, a channel reset, or a TX reset 
command. It is also placed in TX disable state when no data remains in the transmit buffer 
after a TX disable command is issued. In this state, the TXD line is high (mark), and the 
TXRDY bit of status register 0 (STO) is cleared. 

• Idle state 

The TX enable command sets the transmitter in the idle state from the TX disable state. In the 
idle state, the transmitter behaves according to the value of the IDLC bit of CTL: a high level 
(mark) is transmitted when IDLC is 0, or the contents of IDL are transmitted when IDLC is 1, 
via the TXD line. When the transmit data is written, the transmitter enters SYNl transmit state. 

• SYNl transmit state 

The transmitter transmits the SYN character pattern set in SAl, and enters character transmit 
state in mono-sync or external synchronous mode, or SYN2 transmit state in bi-sync mode. 
(For details, see section 5.2.18, MSCI Synchronous/Address Register 0 (SAO), and section 
5.2.19, MSCI Synchronous/Address Register 1 (SAl).) 

• SYN2 transmit state 

When in bi-sync mode, the transmitter transmits the SYN character pattern in SAO and enters 
character transmit state. The transmitter does not enter character transmit state when in mono­
sync or external synchronous mode. 
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• Character transmit state 

The transmitter transmits data in FIFO order from the transmit buffer via the TXD line. 

• CRC transmit state 

The transmitter transmits a 16-bit CRC code. If data remains in the transmit buffer after 
transmission, the transmitter enters SYNI wait state. If no data remains, it enters idle state. 
(CRC code is specified with the CRCI-CRCO bits of MDO. Whether to perform CRC 
calculation and to send the result is specified with the CRCCC bit of MDO. For details, see 
section 5.2.1, MSCI Mode Register 0 (MDO).) 
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"Channel reset" or "TX reset" 
No data remaining in transmit buffer 

()and "TX disable" not issued Initialization by issued in any state 
reset / 
~ 

state 

"TX enable" issued 

"TX disable" issued 
and no data remaining 
in transmit buffer 

Data remaining in 
transmit buffer 

Mono-sync, 
external 
synchro­
nization 

---~ 

Idle 
state 

No data in transmit buffer 

Underrun state and 
UDRNC = 0, "EOM" issued 
and CRCCC = 0, or \ 
underrun state and 
UDRNC = 1 and CRCCC = 0 

CRC transmit 

"EOM" issued 

Bi-sync 

and CRCCC = 1, or 0 underrun state and 
UDRNC = 1 and 

Data remaining CRCCC = 1 
in transmit buffer 
and "EOM" not 
issued 

After SYN2 transmission 

Data remains in transmit buffer 

UDRNC: Underrun state control bit (control register (CTL) bit 5) 
CRCCC: CRC calculation bit (mode register 0 (MOO) bit 2) 
EOM: End of message command 
Note: Command names are enclosed in double quotation marks(""). 

Figure 5-23 State Transition Diagram for Transmission in Byte Synchronous Mode 
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Reception Operation: Figure 5-24 is the state transition diagram for reception in byte 
synchronous mode. 

• RX disable state 

The receiver is placed in RX disable state by a hardware reset, a channel reset, an RX reset, or 
an RX disable command. In this state, the receiver ignores the input from the RXD line and 
does not performs a reception operation. 

• SYNl wait state 

The receiver waits for the first byte of the SYN character pattern to establish a character 
boundary. If the received data matches the SYN character pattern set in SAO, the receiver 
enters character reception state in mono-sync mode or SYN2 wait state in bi-sync mode. In 
external synchronous mode, synchronization is established by the SYNC line input. 

• SYN2 wait state 

The receiver waits for the second byte of the SYN character pattern in bisync mode only. If the 
received data matches the SYN pattern set in SAl, the receiver enters character receive state. 
If it does not match, the receiver enters SYNl wait state. The receiver does not enter SYNl 
wait state when in mono-sync or external synchronous mode. 

• Character receive state 

The receiver transmits the received character to the receive buffer. The SYN character(s) in the 
data field may be optionally transmitted to the receive buffer, as specified with the SYNCLD 
bit of CTL. The receiver is placed in SYNl wait state when a message reject command is 
issued. 
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Initialization by reset 

"RX enable" issued 

SYN character 
mismatch·2c 

state 

"RX disable", "RX reset", or "channel reset" issued in any state 

"Message reject" issued 

SYNC line input 
(external synchronous) 

SYN character match (mono-sync) Character 
receive state 

First SYN character 
match (bi-sync) 

Second SYN character 
match (bi-sync) 

state 

Notes: 1. SYNC line input wait state for external synchronous mode. 
2. SYNC line input not detected for external synchronous mode. 
3. Command names are enclosed in double quotation marks ('"'). 

Figure 5-24 State Transition Diagram for Byte Synchronous Mode Reception 
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Error Checking: Involves the following items. 

• CRC error and CRC code transmission 

The MSCI supports two CRC code types: CRC-16 and CRC-CCITT. The program can select 
the type to be used and the initial value (all Os or ls) with the CRCl-CRCO bits of MDO. 

The CRC polynomial is Xt6 +xis+ x2 + 1 for CRC-16, and Xt6 + x12 + xs + 1 for CRC­
CCITT. 

The transmitter and receiver both have a CRC calculator. 

The TX CRC calculator is automatically initialized immediately before data field transmission. 
It can also be initialized when a TX CRC initialization command is issued. 

During transmission, SYN characters are excluded from the CRC calculation. Specific data 
can also be excluded (in character units) from the CRC calculation by a TX CRC calculation 
exclusion command. Use the CR CCC bit of MDO 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 of CTL are set to 1 in underrun state. If an underrun error occurs while 
UDRNC or CRCCC is 0, the MSCI directly enters idle state without transmitting the CRC 
code. For details, see section 5.2.1, MSCI Mode Register 0 (MDO), section 5.2.4, MSCI 
Control Register (CTL), and section 5.2.8, MSCI Command Register (CMD). 

The RX CRC calculator is automatically initialized immediately before data field reception. It 
can also be initialized when an RX CRC initialization command is issued. 

During reception, the characters not to be input to the receive buffer, such as SYN characters, 
are excluded from the CRC calculation. Specific data can be also excluded (by character) from 
the CRC calculation by an RX CRC calculation exclusion command. The CRC code check is 
completed 15 system clock cycles after the character following the last checked character has 
entered the receive buffer. If a CRC calculation forcing command is issued and if the character 
following the last character does not enter the receive buffer, the check is completed 15 system 
clock cycles after the command has been issued. In either case, the CRC error status is valid 
until the next character enters the receive buffer. 

When a CRC error is detected, the CRCE bit of status register 2 (ST2) is set to 1. This 
generates an interrupt request (if enabled). For details, see section 5.2.11, MSCI Status 
Register 2 (ST2). 
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• Overrun error 

An overrun error occurs when the receive buffer is full when new data is transferred. 

When an overrun error occurs, the new data overwrites the top stage of the receive buffer, 
erasing the previous data. At the same time, the top stage of the status FIFO is overwritten 
with the status (indicating an overrun) of the new data. 

The OVRN bit of ST2 is set to 1 when the new data is ready to be read. This generates an 
interrupt request (if enabled). 

Even if an overrun error occurs, subsequent characters are received normally. However, the 
OVRN bit is not cleared even if the subsequent data causes no overrun error. It is cleared only 
when a 1 is written to the bit position or ST2 is reset. 

• Underrun error 

An underrun error occurs when the transmit buffer is empty after data has been sent from the 
transmit shift register. 

When an underrun error occurs, the transmitter enters idle state. (The MSCI assumes an 
underrun error when the transmit shift register and transmit buffer are both empty and an end of 
message command has not been issued.) The transmitter then drives the TXD line high (when 
the IDLC bit of CTL is 0), or outputs an idle pattern (when the IDLC bit is 1). Here, the 
transmitter can transmit the CRC code before entering idle state if the UDRNC bit of CTL is 
set to 1. If an underrun error occurs when UDRNC or CRCCC is 0, the transmitter directly 
enters idle state without transmitting the CRC code. 

After entering idle state, the transmitter enters SYNl transmit state when the UDRN bit is 
cleared and when data is written to the transmit buffer. 

When an underrun error occurs, the UDRN bit of STl is set to 1, and the TXRDY bit of STO is 
cleared. This generates an interrupt request (if enabled). The UDRN bit is cleared only when a 
1 is written to the bit position or STl is reset. 
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Message End Operation: During transmission, the MSCI recognizes the end of message when it 
executes an end of message command. Also, the MSCI automatically assumes an end of message 
when an underrun error occurs while the UDRNC bit of C1L is 1. 

When the CR CCC bit of MDO is 1 when the message transmission is completed, the transmitter 
automatically transmits a CRC code and then enters idle state. When the CRCCC bit is 0 when 
the message transmission is completed, the transmitter enters idle state without CRC code 
transmission, and an interrupt request is generated (if enabled). 

During reception, the receiver does not detect the end of message. 
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5.3.3 Bit Synchronous Mode 

In bit synchronous mode, communication is performed using flags added to frame boundaries. 
This mode is specified with the PRTCL2-PRTCLO bits of mode register 0 (MDO). 

The message format for bit synchronous mode is shown in figure 5-25. The address (A) and 
control and information (C and I) fields are configured in byte units and are sent to the receive 
buffer. Except the frame check sequence (FCS) field, data is transmitted or received beginning 
with the least significant bit. The PCS field data is transmitted and received beginning with the 
most significant bit. 

Residual bit frames cannot be transmitted. During reception, when residual bits exist at the end of 
receive data, the valid bits (residual bits) in the last character are justified to the high-order bit 
positions, generating undefined low-order bits. The undefined bits cannot be distinguished from 
valid bits. When a residual bit frame is received, the status of the last character indicates both the 
residual bit frame and end of receive frame. (This status is indicated by the EOM and RBIT bits 
of status register 2 (ST2).) 

I F I A1 A2 C, I ~~ I FCS I F I 
14 

8 bits + 8 bits • lo or 8 bit;l4 8 bits x N (N<::1) + 16 bits + 8 bits 
.. 1 

I· (CRCCC = 1) ·I 
Part to be sent to the receive buffer 

(CRCCC = 0) 

Note: Zeros are inserted to or deleted from the A 1 , A2, C, I and FCS fields. 

Figure 5-25 Message Format for Bit Synchronous Mode 
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Transmission Operation: Figure 5-26 is the state transition diagram for transmission in bit 
synchronous HDLC mode. 

• TX disable state 

The transmitter is placed in TX disable state by a hardware reset, a channel reset, or a TX reset 
command. In this state, the TXD line is high (mark), and the TXRDY bit of status register 0 
(STO) is cleared. 

• Idle state 

A transmit enable command sets the transmitter in idle state from TX disable state. In idle 
state, the transmitter behaves according to the value of the IDLC bit of the control register 
(CTL): repeatedly transmits high (mark) signals when IDLC is 0 or transmits the contents of 
the idle pattern register (IDL) when IDLC is 1, via the TXD line. When transmit data is 
written, the transmitter enters opening flag transmit state. 

• Opening flag transmit state 

The transmitter transmits one flag and enters character transmit state. 

• Character transmit state 

The transmitter sequentially transmits data from the transmit buffer. 

• FCS transmit state 

The transmitter transmits FCS (CRC) data and enters the next state. 

• Closing flag transmit state 

The transmitter transmits one flag and enters the next state. (When frames are sent in 
succession, they are automatically delimited by at least one closing flag and one opening flag.) 

• Abort transmit state 

The transmitter transmits abort pattern 11111111 and enters the next state. 
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Initialization by reset No data remaining in transmit 
buffer and "TX disable" not issued 

\ () 

No data remaining in 
transmit buffer after 
abort transmission 

o data remaining 
in transmit buffer 
and "TX disable" 
issued 

"TX reset" or 
"channel reset" 
issued in any state 

Data still in 
transmit 
buffer after 
abort sent 

f\ "Abort transmission" 
\ d. issued several . 

J----:....._ times \Transmit buffer 
Abort empty after flag 

transmit state transmission 

"Abort transmission" 
issued 

"Abort transmission" 

Opening flag 
transmit state 7\fter 

transmission;;-----r CRCCC 

issued 

r'l1. =1 
\.J and "EOM" issued 

Data remaining in 2. Underrun state, 

J\fter 

transmit buffer CRCCC = 1 and UDRNC =1 
and "EOM" not ' 
issued 

1. CRCCC = 0 
and "EOM" issued 

2. Underrun state, 
CRCCC = 0, and UDRNC =1 

Data remaining in transmit buffer after flag transmission 

UDRNC: Underrun state control bit (control register (CTL) bit 5) 
CRCCC: CRC calculation bit (mode register 0 (MOO) bit 2) 
EOM: End of message command issued or completion of data transmission 

signaled from the DMAC to MSCI during DMA chained-block transfer 

Note: 1. Command names are enclosed in double quotation marks (""). 
2. The state changes when character or pattern transmission is completed, 

except when the transmitter is reset. 

Figure 5-26 State Transition Diagram for Transmission 
in Bit Synchronous HDLC Mode 
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Reception Operation: Figure 5-27 is the state transition diagram for reception in bit 
synchronous mode. 

• RX disable state 

The receiver is placed in RX disable state by a hardware reset, a channel reset, an RX reset, or 
an RX disable command. In this state, the receiver ignores the input from the RXD line, and 
does not perform a reception operation. 

• Flag wait state 

The receiver waits for a flag pattern to compare it with the received bit string. (Successive 
frames which share opening and closing flags can be received normally.) On detecting a flag 
pattern, the receiver enters character wait state. 

• Character wait state 

To detect a frame boundary, the receiver waits for a non-flag pattern while ignoring successive 
flags. On detecting a non-flag pattern, the receiver enters address field check state. 

• Address field check state 

The receiver checks the address field to determine whether or not to receive the associated 
frame. When the address is identical to the present station address, the receiver enters 
character reception state. When the address is not identical to the present station address, the 
receiver enters flag wait state. In address field no-check mode, the receiver skips this check 
and enters character reception state immediately after character wait state. On detecting a flag 
within three character cycles after the address field check, the receiver assumes the received bit 
to be a short frame, and enters character wait state. 

• Character receive state 

The receiver transmits the received character to the receive buffer. On detecting a flag in 
character receive state, the receiver transmits data up to and including the last character in the I 
field when the CRCCC bit of MDO is 1, or transmits the FCS when the CRCCC bit is 0 to the 
receive buffer, and then enters character wait state. 
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Initialization by reset 

"RX enable" 
issued 

\ 
RX 

disable 
state 

~-- "RX disable", "RX reset", or "Channel reset" 
issued in any state 

Flag detected (frame detected) 

Flag detected 
within 3-character 
time (short frame) 

1. NG 

1. Flag or abort not 
detected 

2. "Message reject" 
not issued 

() 

2. Abort detected 

1 . Abort detected 
2. "Message reject" issued 

Note: Command names are enclosed in double quotation marks(""). 

Figure 5-27 State Transition Diagram for Reception in Bit Synchronous Mode 
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Error Checking: Involves the following items. 

• CRC errors 

In bit synchronous HDLC mode, CRC-CCITT is usually used. Its initial value is all ls, which 
can be specified with the CRCI-CRCO bits of MDO. (The CRC polynomial is X16 + x12 + xs 
+ 1 for CRC-CCITT.) 

The transmitter and receiver both have a CRC calculator. 

The CRC calculator is automatically initialized immediately before the A field transmission or 
reception. 

During transmission, CRC calculation is carried out on the data in the A, C, and I fields before 
zero insertion. 

Use the CRCCC bit of MDO 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 of CTL are set to 1 in underrun state. For details, see section 5.2.1, MSCI Mode 
Register 0 (MDO), section 5.2.4, MSCI Control Register (CTL), and section 5.2.8, MSCI 
Command Register (CMD). 

During reception, CRC calculation is carried out on the 0-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 the CR CCC bit of MDO = 1. The error status is sent to the status FIFO associated 
with the character before being set to the CRCE bit of ST2. When the CRCE bit is set to 1, an 
interrupt request is generated (if enabled). When the CRCCC bit is 0, the CRCE bit is not set 

to 1. 

• Overrun error 

An overrun error occurs when the receive buffer is full when new data is transferred. 

When an overrun error occurs, the new data overwrites the top stage of the receive buffer, 
erasing the previous data. At the same time, the top stage of the status FIFO is overwritten 
with the status (indicating an overrun) of the new data. The EOM bit is cleared as well when 
the new data is written. 

The OVRN bit of ST2 is set to 1 when the new data becomes ready to be read. This generates 
an interrupt request is generated (if enabled). 

Even if an overrun error occurs, subsequent characters are received normally. However, the 
OVRN bit is not cleared even if the subsequent data causes no overrun error. It can be cleared 
only when a 1 is written to the bit position or ST2 is reset. 
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• Underrun error 

An underrun error occurs when the transmit buffer is empty after data has been sent from the 
transmit shift register. 

When an underrun error occurs and abort transmission is enabled by the UDRNC bit of CTL, 
the transmitter enters idle state after sending an abort. (The MSCI assumes an underrun error 
when the transmit shift register and transmit buffer are both empty and an end of message 
command has not been issued.) In other cases, the MSCI assumes that an underrun error is an 
end of message and terminates the frame normally. Thus, the MSCI enters idle state after 
sending PCS and a flag. 

The UDRN bit of STl is set to 1 when an underrun error occurs. In this case, the transmit 
buffer is not full, but the TXRDY bit of STO is not set to 1 as long as the UDRN bit remains 1. 
This prevents the remaining data from being transmitted as a normal frame when an underrun 
occurs during DMA transfer. 

When the UDRN bit is set to 1, an interrupt request is generated (if enabled). 

Message End Operation: During transmission, the MSCI recognizes the end of message when it 
executes an end of message command. Also, the MSCI automatically assumes an end of message 
for either a completed DMA-chained block transfer or an underrun error occuring when the 

UDRNC bit of CTL is 1. 

The last character to be transmitted is the first character written to the transmit buffer after an end 
of message command is issued; it is the last character transferred in DMA-chained block transfer, 
and is the character transmitted immediately before the underrun in underrun state. 

At message transmission completion, the MSCI enters closing flag transmit state when the 

CRCCC bit of MDO is 0, or enters PCS transmit state when the CRCCC bit is 1. 

During reception, the MSCI assumes a flag detected in character receive state to be the end of 
message. 

When the CR CCC bit of MDO 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 receive frame end status and CRC error 

status associated with the la<>t character are sent to the status FIFO and set to the EOM bit and 
CRCE bit of ST2 when the last character becomes ready to be read. At the same time, the internal 
DMAC is informed of the end of a frame, and an interrupt request is generated (if enabled). 

When the CRCCC bit is 0, FCS is also sent to the 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 three character cycles after they are received. Thus, the last character in 

the I field and the FCS have not yet been sent to the receive buffer when the MSCI detects a 
closing flag. 
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Address Field Check: In bit synchronous mode, each data frame contains an address (A) field 
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 (table 5-13). 

Table 5-13 Address Field Check 

Mode 

Address field no-check 

Single address 1 

Single address 2 

Dual address 

Function 

Allows the MSCI to receive all frames 

Allows the MSCI to receive only the frames whose A1 field has the 
specified value or global address (FFH) 

Allows the MSCI to receive only the frames whose A2 field has the 
specified value or global address (FFH) 

Allows the MSCI to receive only the frames whose A1 and A2 fields 
have the specified values, global addresses (FFFFH), or group 
addresses (A2 =specified value, A1 = FFH) 

The ADDRSI-ADDRSO bits of MDI select an address field check mode, and synchronous/ 
address registers 0 and 1 (SAO and SAi) specify the address. For details, see section 5.2.2, MSCI 
Mode Register 1 (MDI), section 5.2.18, MSCI Synchronous/Address Register 0 (SAO), and 
section 5 2.19, MSCI Synchronous/Address Register 1 (SAi). 

Short Frame Detection: On detecting a short frame, the MSCI acts according to the frame 
length, CRCCC bit value ofMDO, and address field check mode as shown in table 5-14. 
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Table 5-14 MSCI Actions at Short Frame Detection 

Mode Settings 

CRCCC Bit :0 CRCCC Bit= 1 

Frame Length Address Field Address Field Single 
(excluding No-Check Single Address 2 No-Check Address 2 
flag) Single Address 1 Dual Address Single Address 1 Dual Address 

Bits 1-8 Sends no data to Sends no data to Sends no data to Sends no data 
the receive buffer. the receive buffer. the receive buffer. to the receive 

buffer. 

Bits 9-23 Sends a part of the Sends a part of the Sends no data to Sends no data 
data to the receive data to the receive the receive buffer. to the receive 
buffer. buffer. buffer. 
Appends the short Appends the short 
frame status to the frame status to the 
last character and sets last character and sets 
the SHRT bit of ST2. the SHRT bit of ST2. 

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 
to the last to the last to the last status to the 
character and sets character and sets character and sets last character 
the SHRT bit of the SHRT bit of the SHRT bit of and sets 
ST2. ST2. ST2. the SHRT bit 

of ST2. 

Bits 32-39 Receives the data Sends a part of the Receives the data Sends a part of 
as normal data. data to the receive as normal data. the data to the 

buffer. receive buffer. 
Appends the Appends the 
short frame status short frame 
to the last status to the 
character and sets last character 
the SHRT bit of and sets 
of ST2. the SHRT bit 

of ST2. 

Bits 40 or Receives the data Receives the data Receives the data Receives the 
more as normal data. as normal data. as normal data. data as normal 

data. 

Note: On detecting a short frame, the MSCI sets the SHRT bit of ST2 to 1. This automatically 
sets the EOM bit to 1, indicating the end of a receive frame. At this time, an interrupt 
request is generated (if enabled). Even if the MSCI detects a short frame, it does not set 
the SHRT bit to 1, if data is not transferred to the receive buffer. 
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Abort Transmission and Reception: During transmission, the MSCI enables abort transmission 
when an abort transmit command is issued. If abort transmission is enabled using the UDRNC bit 
of C1L (UDRNC = 0), the MSCI transmitter automatically enters abort transmit state when an 
underrun occurs. 

This state causes the transmitter to transmit an abort pattern (eight ls) 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 idle state. 

During reception, the MSCI assumes 01111111 (0 followed by seven ls) as an abort. On 
detecting an abort, the receiver enters flag wait state, generating an interrupt request (if enabled). 

If the receiver is in character receive state when the abort is detected, it performs the following 
additional operation: 

When the CR CCC bit of MDO 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 are truncated. (This operation is 
the same as for receive frame end on flag detection, except that the ABT bit of STI is set to 1.) 

5.3.4 Bit Synchronous Loop Mode 

Bit synchronous loop mode, which is specified with the PRTCL2-PRTCLO bits of MDO, supports 
secondary stations for bit synchronous loop transmission of data. The primary station is operated 
in bit synchronous HDLC mode. The relationship between the primary and secondary stations in 
bit synchronous loop mode is shown in figure 5-28. 

Bit synchronous loop mode is the same as the HDLC mode except for some transmission 
operations and the address field check modes. See section 5.3.3, Bit Synchronous Mode. 
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Frame 
transmission 

Secondary 
station 

Secondary 
station 

Primary 
station 

Frame 
reception 

Figure 5-28 Relationship between Primary and Secondary Stations 
in Bit Synchronous Loop Mode 

The primary station transmits a frame followed by an idle pattern, 11111111. It repeatedly 
transmits the idle pattern until the transmitted frame, response frame, and 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 5-
29, is formed at the boundary of flag 01111110. The GA pattern requests the secondary station to 
transmit data. 

Flag Idle pattern 

0 0 

GA pattern 

Figure 5-29 GA Pattern 

The secondary station receiver is usually in 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 of the control register (C1L) to 1 to terminate the frame and waits for the next 
GA pattern before starting transmission. 
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If the secondary station detects a GA pattern when the GOP bit is 1, it changes the last 1 of the 
GA pattern to 0, thus turning the GA pattern into a flag pattern. Here, 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 idle pattern register (IDL) until transmit data 
is written. Therefore, the idle pattern must match flag pattern 01111110. 

When the secondary station completes data transmission, it transmits a flag and returns to 
retransmit idle state. Thus, a GA pattern is automatically generated, as shown in figure 5-30. 

Flag transmitted by secondary station Idle pattern transmitted by primary station 

I I I I 
0 0 1 

l J 
GA pattern (to next secondary station or primary station) 

Figure 5-30 GA Pattern Generation at the End of Data Transmission 
in the Secondary Station 

On receiving a flag during transmission, the secondary station must stop transmission. By polling 
the flag detection status from the MPU or in response to an interrupt, the secondary station can 
stop transmission and return to retransmit idle state. The secondary station can also stop 
transmission, when the primary station transmits flag pattern 01111110, which is set in IDL, with 
the IDLC bit of CTL set to 1. 

A GA pattern and flag detection status are set in the respective GAPD and FLGD bits of status 
register 1 (STl). At this time, an interrupt request is generated (if enabled). 

A normal frame reception format in bit synchronous mode is shown in figure 5-31 (a), and an 
abort end frame reception format is shown in figure 5-31 (b). (The GA and abort patterns are 
identical.) 
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(a) Normal Frame Reception 

(b) Abort End Frame Reception 

Figure 5-31 Frame Reception Formats 

Transmission Operation: The transmission operation in bit synchronous loop mode differs from 
that in bit synchronous HDLC mode. Figure 5-32 is the state transition diagram for transmission 
in bit synchronous loop mode. 

• TX disable state 

The transmitter is placed in TX disable state by a hardware reset, a channel reset, or a TX reset 
command. In this state, the TXD line is high (mark), and the TXRDY bit of status register 
(STO) is cleared. 

• Retransmit idle state 

The transmitter TX enable command sets the transmitter in retransmit idle state from TX 
disable state, and the received data is retransmitted after a delay of one bit cycle. 

• Idle state 

The transmitter behaves according to the value of the IDLC bit of CTL: high (mark) signals 
are repeatedly transmitted when IDLC is 0, or the contents of IDL are transmitted when IDLC 
is 1, via the TXD line until data is written to the transmit buffer or the GOP bit of CTL is 
cleared. 
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• Opening flag transmit state 

The transmitter transmits one flag and enters character transmit state. 

• Character transmit state 

The transmitter sequentially transmits data from the transmit buffer. 

• FCS transmit state 

The transmitter transmits FCS (CRC) data, and enters the next state. 

• Closing flag transmit state 

The transmitter transmits one flag and enters the next state. 

• Abort transmit state 

The transmitter transmits abort pattern 11111111 and enters the next state. 
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"TX reset" or "channel 
reset" issued in any state GA pattern not received or GOP = 0 

"TX enable" issued 

"TX disable" 
·ssued No data remaining 

in transmit buffer, 
GA pattern received, 

and GOP= 1 

0 

GOP = 0 after flag 
transmission 

Initialization by reset 

1n transmit 
~o data r~maining C 

Data remaining in buffer and GOP = 1 
transmit buffer, 
GA pattern 
received and 
GOP= 1 

Transmit buffer empty 
after abort transmission 
and GOP= 1 

GOP: 
UDR NG: 
CRCCC: 
EOM: 

Notes: 

Data remaining 
in transmit 
buffer and 
GOP= 1 

1. CRCCC = 
1 and "EOM" issued 
2. Underrun state, 

CRCCC = 1, and UDRNC =1 

1. CRCCC = 0 and "EOM" issued 
2. Underrun state, CRCCC = 0, and UDRNC =1 

Data remaining in transmit buffer after flag transmission and GOP = 1 

Go active on poll bit (control register (CTL) bit 1) 
Underrun state control bit (CTL bit 5) 
CRC calculation bit (mode register 0 (MOO) bit 2) 
End of message command issued or completion of data transmission signaled from 
the DMAC to MSCI during OMA chained-block transfer ' 

1 . Command names are enclosed in double quotation marks (""). 
2. The state changes when character or pattern transmission is completed, 

except when the transmitter is reset. One bit of retransmit data is handled as one pattern. 

Figure 5-32 State Transition Diagram for Transmission 
in Bit Synchronous Loop Mode 
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Address Field Check: Bit synchronous loop mode supports four address field check modes: 
address field no-check, single address 1, dual address, and 4-bit address. The first three modes are 
the same as those available in bit synchronous HDLC mode. For details, see section 5.3.3, Bit 
Synchronous Mode. 

In 4-bit address check mode, the MSCI receives only the frames whose high-order four bits in A1 

represent the specified value or global address (FH). 

5.4 Transmit/Receive Clock Sources 

5.4.1 Overview 

The MSCI transmit and receive clock sources are selected from the following: 

• Transmit clock sources: 
TXC line input 
Transmit baud rate generator output 
Receive clock 

The transmit clock source is selected by the TXCS2-TXCSO bits of the TX clock source 
register (TXS). 

• Receive clock sources 
RXC line input 
Receive baud rate generator output 
RXC line input with noise suppressed by the ADPLL (the ADPLL operating clock= 
receive baud rate generator output) 
Clock extracted from the receive data by the ADPLL (the ADPLL operating clock= RXC 
line input or the receive baud rate generator output) 

The receive clock source is selected by the RXCS2-RXCSO bits of the RX clock source 
register (RXS). 

The internal baud rate generator (BRG) can provide independent outputs for transmission and 
reception by dividing the system clock. The internal ADPLL can extract clock from the receive 
data; suppress noise in the receive data; and suppress noise in the receive clock. 

The ADPLL employs the receive BRG output or RXC line input for both clock extraction and 
noise suppression. The ADPLL uses the receive BRG output for receive clock noise suppression. 

The MSCI clock sources are shown in figure 5-33. 
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TXC line RXC line 
Input Input 

ADPLL operating clock Receive BRG output (\ 

I-.:+-----+----<,__~ 

Baud rate 
generator 

r ADPLL Extracted clock 

CLK 

Transmit BRG output(/ 

MSCI 

h 
Receive clock or 

ADPLL operating clock 

Figure 5-33 Selecting Transmit and Receive Clock Sources 
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5.4.2 Transmit Clock Sources 

The transmit clock sources are shown in figure 5-34. When the transmit baud rate generator 
output serves as the transmit clock, the TXC line functions as the transmit clock output line. 

The receive clock is used as the transmit clock when the clock is extracted by the ADPLL or is in 
bit synchronous loop mode. 

In asynchronous mode, the actual bit rate is determined by the clock mode (1/1, 1/16, 1/32, or 
1/64). In byte or bit synchronous mode, 1/1 clock mode is automatically selected. For details, see 
section 5.2.2, MSCI Mode Register 1 (MDI). 

Transmit fsRG - fcLK .:. 2TXBR 

4 baud rate 
-TMC. 

generator (TMC: 1 to 256, TXBR: 0 to 9) 
~"--

CLK 

TX 
fsR 0 

Cline input t5 
~ 
Q) 

(/) 

R eceive clock v 
fcLK: System clock (CLK) frequency 

Figure 5-34 Transmit Clock Sources 

5.4.3 Receive Clock Sources 

~ 
Transmit clock 
(1/1, 1/16, 1/32 or 
1/64 clock mode) 

The receive clock sources are shown in figures 5-35 (a), (b), and (c). When the RXC signal is not 
used as a clock source, the RXC line functions as the receive clock output line. 

In asynchronous mode, the actual bit rate is determined by the clock mode (1/1, 1/16, 1/32, or 
1/64). In byte or bit synchronous mode, 1/1 clock mode is automatically selected. For details, see 
section 5.2.2, MSCI Mode Register 1 (MDI). 
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Receive ADPLL Clock extracted from the receive data 
CLK baud rate 

generator 

RXC line~-----~ 

.... operating 
-§ clock 
Q) 

Qi 
CJ) 

ADPLL 
(Sampling rate: 
operating clock 
x8,x16,x32) 

7 Receive clock 
(1/1 clock mode) 

' ~---------- -----------------------------------------------J 
(Receive BRG output used as the ADPLL operating clock) 

fcLK: System clock (CLK) frequency 

(b) Clock Extracted by ADPLL Used as Receive Clock 

Figure 5-35 Receive Clock Sources 
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Receive 
____,,.. CLK baud rate 

generator 

RX Cline 

(TMC: 1 to 256, 
RXBR: 0 to 9) 

ADPLL 

fsRG _ fcLK .:.. 2RXBR < ADPLL operating clock 
-TMC . ,/,--

fsR (Sampling rate: 
Receive clock operating clock 

__.,, x8,x16,x32) 

fcLK: System clock (CLK) frequency 

(c) Receive Clock Noise Suppression 

Figure 5-35 Receive Clock Sources (cont) 

Noise-suppressed 
receive clock 
(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: 

fBRG: 

fcLK: 

TMC: 

BR: 

fcLK 

TMC 

BRG output frequency 

System clock frequency 

Value (1-256) set in the time constant register (TMC) 

Value (0-9) set in the TXBR3-TXBRO bits of TXS, or the RXBR3-RXBRO bits of 
RXS 

Frequencies determined by the above equation are independently output for transmission and 
reception from the baud rate generator. 

5.4.5 ADPLL 

In byte or bit synchronous mode, either of two receive clocks can be used for the MSCI: a clock 
extracted from the receive data by the ADPLL or the noise-suppressed RXC line input by 
ADPLL. 
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The ADPLL has the following operating modes: x8, x16, and x32 (ratio of the ADPLL operating 
clock rate to the bit rate). In other words, the operating clock frequency must be 8, 16, or 32 times 
the bit rate, to use the ADPLL clock extraction function, regardless of the source of the operating 
clock. The DRATE 1-DRATEO bits of mode register 2 (MD2) selects the ADPLL operating 
mode. 

5.5 ADPLL 

5.5.1 Overview 

The advanced digital PLL (ADPLL) extracts clock signals from the receive data and generates a 
decoding clock for the receive data. 

The ADPLL features: 

• Clock extraction from five transmission code types (figure 1-8) 
NRZ 
NRZI 
Manchester 
FMO 
FMl 

• Selectable ratio of the ADPLL clock rate to the bit rate 
x8 

- x16 
- x32 

• Receive data noise suppression (see section 5.5.2, Operation) 
• Receive clock noise suppression (see section 5.5.2, Operation) 

Figure 5-36 is the block diagram of the ADPLL. 
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.------"-l Noise-suppressed 

Receive !------'\.1 

data 

ADPLL {Receive BRG 
operating output 
clock External clock 

(RXC line input), 
I 

Clock 
line 1 

Receive data receive data 

Receive data in 
phase with the 
extracted clock 

: Receive clock ! noise ,___ _____ --"' Noise-suppressed 
: suppressor receive clock I '---------·---------------------------------------------------------

Figure S-36 ADPLL Block Diagram 

The ADPLL can perform either clock extraction from the receive data or noise suppression for the 
receive clock input from the RXC line. In both cases it suppresses the receive data noise. 

The ADPLL receives the receive data and is supplied with the operating clock. The ADPLL has 
two clock input lines: one for the receive baud rate generator output, and the other for the RXC 
line input. 

The ADPLL uses the receive baud rate generator output or an external clock (RXC line input) as 
the operating clock to extract the clock component from the receive data. The ADPLL operating 
clock, functioning as a common operating clock, is supplied to the receive data noise suppressor, 
clock extractor, and data delay unit. The ADPLL sends the extracted clock and the noise­
suppressed receive data to the receiver. The extracted clock serves as the receive clock. When the 
output of the receive baud rate generator is used as the ADPLL operating clock, the RXC line 
outputs the receive clock. (ADPLL operation is controlled by the RXCS2-RXCSO bits of the RX 
clock source register (RXS).) 

The ADPLL uses the output of the receive baud rate generator as the operating clock to suppress 
noise for the receive clock input from the RXC line. The ADPLL operating clock, functioning as 
a common operating clock, is supplied to the noise suppressors for the receive clock and the 
receive data. In this case, the clock extractor does not operate. The ADPLL sends noise­
suppressed receive data and the receive clock to the receiver. 

The clock extraction from the receive data and noise suppression for the receive data and receive 
clock are synchronized with the ADPLL operating clock. The ratio of the ADPLL clock rate to 
the bit rate can be selected from x8, x16, and x32 using the DRATEl-DRATEO bits of mode 
register (MD2). 
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The relationship between the ADPLL clock and bit rates is shown in table 5-15. 

Table 5-15 Relationship Between the ADPLL Operating Clock and Bit Rates 

Ratio of ADPLL 
ADPLL Operating Operating 

Function· Operating Clock Source Mode Clock Rate to Bit Rate 

Clock extraction from • RXC line input x8 8/1 
receive data and noise • Receive BRG output 

x16 16/1 
suppression for receive data 

x32 32/1 

Noise suppression for • Receive BRG output x8 8/1 
receive clock and receive x16 16/1 
data 

x32 32/1 

The ADPLL can compensate the phase of the extracted clock pulses. If the extracted clock is 
skewed by one or more cycles from the receive data that was passed via the data delay unit, the 
ADPLL automatically compensates it to within ±1 operating clock cycle until the clock phase and 
receive data phase are synchronized. 

ADPLL specifications are shown in table 5-16. The transmission codes supported by the ADPLL 
are summarized in figure 1-8. 
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Table 5-16 ADPLL Specifications 

No. Item Mode Specification Remarks 

Maximum All 17.6 MHz 
operating clock 
frequency 

2 Maximum Operating xB 2.2 Mbps 
bit rate 

mode x16 1.1 Mbps 

x32 0.5 Mbps 

3 Maximum Code NRZ xB 4 
number of 

type x16 8 
level transitions 
necessary for x32 16 
synchronization FM Normal xB 4 

mode 
x16 8 

x32 16 

Search Sampling 
mode ratio must 

also be set 

4 Receive Noise suppression On Undefined Off 
data noise Operating xB X<1/8 1/8$X<2/8 2/8$X 
suppression 

mode 
x16 X<2/16 2/16:0:X<3/16 3/16:o:x 

x32 X<4/32 4/32:0:X<5/32 5/32:o:x 

5 Receive Operating xB X<1/8 1/8:0:X<2/8 2/8$X Clock 
clock noise mode 

x16 X<2/16 2/16:0:X<3/16 3/16:o:x 
extractor 

suppression does not 
x32 X<4/32 4/32:0:X<5/32 5/329 function 

6 Maximum Operating xB 1.25 Mbps for receive 

bit rate for mode clock 

receive clock 
x16 0.62 Mbps noise 

noise x32 0.31 Mbps suppres-

suppression sion 

(x: Noise width/1-bit cell width) 

Note: The ADPLL enters search mode when an enter-search-mode command is issued. For 

details, see section 5.5.3, Enter-Search-Mode Command. 
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5.5.2 Operation 

The ADPLL has two main functions: clock component extraction from noise-suppressed receive 
data, and receive clock noise suppression. 

Clock Component Extraction from Receive Data: The flow of receive data and the ADPLL 
operating clock signals for clock extraction are shown in figure 5-37. Either the receive baud rate 
generator output from clock line 1 or the external clock (RXC line input) from clock line 2 can be 
used as the ADPLL clock. 

Receive data •••••.i 

{ 

Clock line 1 
ADPLL Receive BRG 
operating output Clock line 2 
clock External clock 

(RXC line input) 

Noise 
suppressor 

(For receive clock) 

Noise­
suppressed 
receive data 

~~~ Extracted 
clock 

- Receive data 
RllllllHll.. ADPLL operating 
illl!!lllljl" clock 

~ Receive clock 

Figure 5-37 Data and Clock Signal Flow for Clock Extraction from Receive Data 
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The specific operation of the ADPLL are as follows: 

1. The receive data noise suppressor receives receive data and suppresses noise. 

2. The noise suppressor outputs the noise-suppressed receive data to the clock extractor and data 
delay unit. 

3. The data delay unit outputs the noise-suppressed receive data to the receiver, synchronizing 
the data with the extracted clock. 

4. The clock extractor extracts clock components from the noise-suppressed receive data and 
outputs the resulting clock signal. 

5. The ADPLL operating clock (the receive baud rate generator output or external clock) passes 
through the multiplexor to the clock extractor, receive data noise suppressor, and data delay 
unit. 

The ADPLL outputs the noise-suppressed receive data and extracted clock, synchronizing their 
phases using the ADPLL phase compensation function. Phase compensation for the NRZ- and 
FMO-code receive data is shown in figures 5-38 and 5-39. 

In the figures, the ADPLL outputs the noise-suppressed receive data from the noise suppressor to 
the data delay unit and clock extractor. The clock extractor samples the noise-suppressed receive 
data at the rising edge of the ADPLL operating clock pulse, and performs clock extraction. 

The ADPLL compares the phases of the receive data and extracted clock at level transition points 
(TS• TS-I• T s-z) in the receive data output from the data delay unit. If the two phases are skewed, 
the extracted clock cycle is lengthened or shortened by one ADPLL operating clock cycle. In the 
examples shown in figures 5-38 and 5-39 (operating mode= x8), this synchronization can be 
established within a maximum of four transition points. (For FM type codes (FMO, FMl and 
Manchester), synchronization can be established in one level transition by issuing the enter search 
mode command.) 

The relationship between the extracted clock and the receive data bit cell depends on the receive 
data code type. For NRZ and NRZI codes, the rising edge of the extracted clock pulse is located 
at the midpoint of the data bit cell width that is output from the data delay unit. For FMO, FMl, 
and Manchester codes, the rising edge of the extracted clock is located at the 1/4 point of the data 
bit cell width that is output from the data delay unit. This applies also to operating modes x16 and 
x32 except that the maximum number of level transition points required for synchronization is 8 
and 16, respectively. 

Phase compensation functions for NRZ codes and FM codes are summarizes in table 5-17. 
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Table 5-17 Phase Compensation for NRZ Codes and FM Codes 

Codes 

NRZ 

NRZI 

FMO 

FM1 

Manchester 

Receive Data Transition Points 

Bit boundary to 1/2T 8 

-1/2T8 to bit boundary 

Bit boundary to 1/4T 8 

-1/4T8 to bit boundary 

Others 

1/2T B to 3/4T B 

1/4T8 to 1/2T8 

Others 

TB: One bit cycle of receive data 

1-bit width (TB) 

I 
t t t 

CD ® ® @ 

Phase Compensation 

-1 ADPLL operating clock 

+ 1 ADPLL operating clock 

-1 ADPLL operating clock(Note) 

+ 1 ADPLL operating clock(Note) 

No phase compensation 

-1 ADPLL operating clock(Note) 

+ 1 ADPLL operating clock(Note) 

No phase compensation 

CD.® : Bit boundaries 

® • 1 T ·4 B 

® :+Ts 
@ :fTs 

® 

Note: An enter search mode command is automatically issued; the ADPLL automatically enters 

search mode and attempts to reestablish synchronization at the next transition point if the 
ADPLL detects no level transition in FM-code receive data in the successive two bit cycles 

(-1/4T 8 to 1/4T 8 for FMO and FM1, and 1/4T 8 to 3/4T8 for Manchester). 
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ADPLL operating clock 
(operating mode: x 8) 

Receive data 

Extracted clock 

Receive data 
syncronized with the 
extracted clock 

T 8: One receive data bit time 
Tc: One ADPLL operating clock cycle 

Ts-1 

T 0: Delay time between the receive data input to the ADPLL and the receive data after 
passing the noise suppressor and data delay unit 

T 8_1 and T 8_2: Receive data level transitions after noise suppression 
T 8: Synchronized transitions of noise-suppressed receive data after noise suppression. 

Figure 5-38 NRZ Receive Data Phase Compensation in Operating Mode x8 

TB 

Ts 

To Tc TB/4 TB/2 TB/4 
ADPLL operating clock 
(Operating mode: x 8) 

Receive data 

Extracted clock 

Receive data syncronized 
with the extracted clock Ts-2 Ts-1 Ts 

Ta: One receive data bit time 
Tc: One ADPLL operating clock cycle 
T 0: Delay time between the receive data input to the ADPLL and the receive data after 

passing the noise suppressor and data delay unit 
T s-1 and T s.2 : Receive data level transitions after noise suppression 
T 8 : Synchronized transitions of noise-suppressed receive data after noise suppression. 

Figure 5-39 FMO Receive Data Phase Compensation in Operating Mode x8 
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The receive data noise suppression timing in the noise suppressor is shown in figure 5-40. NRZ 
code receive data is used in this example. The same basic timing also applies to other codes. 

The ADPLL samples receive data at the rising edge of the ADPLL operating clock pulse. In 
operating mode x8, the same receive data level sampled twice in succession is considered valid 
data. (The same data level sampled three times in succession in operating mode x16 and five 
times in succession in operating mode x32 is considered valid data.) All other sampled data is 
suppressed as noise. 

G), ®,and® in the figure correspond to "On", "Off', and "Undefined" in No. 4 of table 5-16, 
ADPLL Specifications. @ is suppressed as noise since the same level cannot be sampled twice in 
succession. 

ADPLL operating clock 
(operating mode: x 8) 

Receive data 

Noise-suppressed 
receive data 

O· 

One ADPLL operating clock cycle 
Delay time between the receive data input to the ADPLL and the receive data after 
passing the noise suppressor and data delay unit 
Receive data sampling points. The receive data is sampled at the rising edge of the 
ADPLL clock pulse. 

Figure 5-40 Noise Suppression in the Receive Data Noise Suppressor 
in Operating Mode x8 
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Receive Clock Noise Suppression: The flow of receive data, the ADPLL operating clock signal, 
and the receive clock signal for noise suppression are shown in figure 5-41. 

(For receive data) 
•••••••Noise-suppressed 

receive data 

Receive data •••••.i 
ADPLL operating clock 

(receive BRG output) 1111111!111111111·~ 

Receive clock~~~~ 
(RXC line input) 

Noise 
suppressor 

Noise 
suppressor 

unit 

extractor 

~~~~~~~~Noise-suppressed 
re- receive data 

(For receive clock) - Receive data 

- ADPLL operating clock 

• Receive clock 

Figure 5-41 Data and Clock Signal Flow for Receive Clock Noise Suppression 

The specific operations of the ADPLL are as follows: 

1. The receive data noise suppressor receives receive data and outputs the noise-suppressed 
receive data. 

2. The ADPLL operating clock is supplied to the receive data noise suppressor and the receive 
clock noise suppressor via the multiplexor. 

3. The receive clock noise suppressor outputs the noise-suppressed receive clock. 
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Noise suppression timing in the receive clock noise suppressor is shown in figure 5-42. In this 
example, operating mode x8 is used. The same basic timing applies to other modes except for the 
number of successive sampling times. The ADPLL samples the receive clock at the rising edge of 
the ADPLL operating clock pulse. In operating mode x8, the same receive data level sampled 
twice in succession is considered valid data. (The same data level sampled three times in 
succession in operating mode x16 and five times in succession in operating mode x32 is 

considered valid data.) All other sampled data is suppressed as noise. If noise occurs around the 
rising or falling edges of the receive clock pulses, the rising or falling edges of the noise­
suppressed receive clock pulses may be shifted forward or backward. The maximum shift widths 
in x8, x16, and x32 modes are 2, 3, and 5 ADPLL operating clock cycles, respectively. 

(j) and® in the figure correspond to "Off' and "On" in No. 5 of table 5-16, ADPLL 

Specifications. 

Receive data noise is suppressed as described in Clock Component Extraction from Receive Data 
above. 

ADPLL operating clock 
(operating mode: x 8) 

Receive data 

Noise-suppressed 
receive data 

Toe 

T oc: Delay time between the input receive clock and the receive clock after passing the noise 
suppressor. 

Figure 5-42 Noise Suppression in the Receive Clock Noise Suppressor 

5.5.3. Enter Search Mode Command 

Issuing an enter search mode command can synchronize FM-code receive data using only one 
transition point. This command is effective in all operating modes (x8, xl6, or x32). 

For issuing an enter search mode command, the following synchronization patterns are 
recommended for each coding scheme: 11111111 for FMO, 00000000 for FMl, and 10101010 for 

Manchester. 
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5.6 Baud Rate Generator 

5.6.1 Overview 

The MSCI uses an internal baud rate generator (BRG) to generate the MSCI transmit/receive 
clock. The BRG has the following main features: 

• Output clock frequency range from fcLK to fcuJ217 (217 = 131,072). 

(fcLK: System clock frequency). When fBRG = fcLK• BRG output cannot be obtained from the 
TXD or RXD lines. 

• Frequency accuracy within ±0.5% for any frequency range from fcLK/100 to fcLK/217. 

If - fBRG I ~ 50 +set value in the time constant register (TMC) (%),where f is the target 
frequency and fBRG is the BRG output frequency set to the value closest to f (fcLK ;:::: f;:::: 

fcuJ217). Independent transmit and receive frequencies can be specified as 2° (where n is a 
positive integer). 

Figure 5-43 is the baud rate generator block diagram. 

CLK 

..-----. 1/1 to 
Reload 1 /256 
timer 

8 

TMC 
Time constant register 

(TMC) 

10 

Divider 

RX clock source register 
RXBR (RXS) 

112° to 
,___1_/2_1_7--+~ BAG output 

(for reception) 

112° to 
,___1_/2~1_7--+_,.. BRG output 

TXBR 
TX clock source register 

(TXS) 

(for transmission) 

CLK: System clock 

Figure 5-43 Baud Rate Generator Block Diagram 

229 



5.6.2 Functions 

The MSCI baud rate generator generates clock pulses according to the settings of the 
TMC7-TMCO bits of the time constant register (TMC), the TXBR3-TXBRO bits of the TX clock 
source register (TXS), and the RXBR3-RXBRO bits of the RX clock source register (RXS). 

TMC is an 8-bit register for specifying the value to be loaded into the reload timer in the baud rate 
generator. The reload timer is decremented based on the system clock CLK, and outputs a high­
level signal for one clock cycle each time the reload timer value equals 1. Thus, the timer outputs 
a high-level signal for one clock cycle each time the number of system clock cycles specified with 
the TMC7-TMCO bits of'TMC elapses, as shown in figure 5-44. Zero specified by TMC is 
assumed to be 256, and when 1 is specified, the output will be the same as the system clock 
frequency. 

CLK (CPU modes 1, 2, 3) 

CLK (CPU mode 0) 
Reload timer output 

.-1·----TMC7-TMco bit values -----·I 

J SS L 
Figure 5-44 Reload Timer Output 

The reload timer output is input to the frequency divider. The transmit frequency division ratio is 
specified with the TXBR3-TXBRO bits of TXS and the receive frequency division ratio with the 
RXBR3-RXBRO bits of RXS. 

In addition, the TXCS2-TXCSO bits of TXS and RXCS2-RXCSO bits of the RXS specify 
whether or not to supply the output clock to the MSCI transmitter and receiver, respectively. The 
BRG output can be used for the transmit/receive clock or for the ADPLL operating clock. For 
details on these specifications, see sections 5.2.4, MSCI Control Register (CTL), 5.2.5, MSCI RX 
Clock Source Register (RXS), and 5.2.6, MSCI TX Clock Source Register (TXS). 
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The relationship between the register set values and the generated clock frequency is given below. 

TMC: 

BR: 

fBRG= 
fcLK 

TMC 
+2BR 

Transmit (receive) BRG output frequency 

System clock frequency (frequency equal to fsRG can be used only for the ADPLL 
operating clock) 

Value (1-256) set in TMC 
Value (0-9) of TXBR3-TXBRO bits of TXS or RXBR3-RXBRO bits of RXS 

Table 5-18 gives widths and duty ratios (pulse width to pulse period) of BRG output clock 
waveforms along with the corresponding register set values. 

Table 5-18 BRG Output Waveform and Register Set Values 

Set Value 

BR TMC Waveform 

1-9 Duty ratio 

l L 
0 Duty ratio = 50% when TMC = 2 

Duty ratio* 50% when TMC * 2 
Pulse width is 1 system clock cycle 

1 system 
clock cycle 

Jl_n~n~n~n ·11~ n 
Duty ratio = 50% 1 system 
Pulse width is 1 system clock cycle 

~ok~o 

BR: Value of bits 3-0 of the TXS or RXS 
TMC: Value of bits 7-0 of the TMC 

231 



5.6.3 Register Set Values and Bit Rates 

Asynchronous Mode: In asynchronous mode, the bit rate is selected with TMC7-TMCO bits of 
the time constant register (TMC), the TXBR3-TXBRO bits of the TX clock source register (TXS), 
the RXBR3-RXBRO bits of the RX clock source register (RXS), and the BRATE7-BRATE6 bits 
of mode register 1 (MDl). 

Typical register set values and bit rates are listed in table 5-19. 
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Table 5-19 Register Set Values and Bit Rates in Asynchronous Mode 

fcLK (MHz) 

Bit Rate 1.7898 2.4576 

(bps) TMC BR CM Deviation (%) TMC BR CM Deviation (%) 

38400 1/32 0.00 

19200 1/64 0.00 

9600 2 1/64 0.00 

4800 3 1/64 0.00 

2400 47 0 1 /16 -0.83 4 1 /64 0.00 

1200 93 0 1 /16 -0.25 5 1/64 0.00 

600 93 0 1/32 -0.25 6 1/64 0.00 

300 93 0 1164 -0.25 7 1/64 0.00 

150 93 1/64 -0.25 8 1/64 0.00 

110 127 1/64 0.10 175 1/64 -0.25 

fcLK (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 1/64 0.00 13 0 1/64 0.16 

2400 5 2 1/64 0.00 13 1/64 0.16 

1200 5 3 1/64 0.00 13 2 1/64 0.16 

600 5 4 1164 0.00 13 3 1/64 0.16 

300 5 5 1164 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-TMCO bits of TMC 
BR: Value of the TXBR3-TXBRO bits of TXS or the RXBR3-RXBRO bits of RXS 
CM: Value of the BRATE1-BRATEO bits of MD1 (clock mode in asynchronous mode (bit 

rate/clock frequency)) 
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Table 5-19 Register Set Values and Bit Rates in Asynchronous Mode (cont) 

fcLK (MHz) 

Bit Rate 4.608 4.9152 

(bps) TMC BR CM Deviation (%) TMC BR CM Deviation (%) 

38400 1/64 0.00 

19200 15 0 1 /16 0.00 2 1/64 0.00 

9600 15 0 1/32 0.00 3 1/64 0.00 

4800 15 0 1/64 0.00 4 1164 0.00 

2400 15 1 1/64 0.00 5 1/64 0.00 

1200 15 2 1/64 0.00 6 1/64 0.00 

600 15 3 1/64 0.00 7 1/64 0.00 

300 15 4 1/64 0.00 8 1/64 0.00 

150 15 5 1/64 0.00 9 1/64 0.00 

110 41 4 1164 -0.22 175 2 1/64 -0.25 

fcLK (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 1/64 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-TMCO bits of TMC 
BR: Value of the TXBR3-TXBRO bits of TXS or the RXBR3-RXBRO bits of RXS 
CM: Value of the BRATE1-BRATEO bits of MD1 (clock mode in asynchronous mode (bit 

rate/clock frequency)) 
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Table 5-19 Register Set Values and Bit Rates in Asynchronous Mode (cont) 

fcLK (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 1/64 0.16 15 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 

fcLK (MHz) 

Bit Rate 9.8304 10 

(bps) TMC BR CM Deviation (%) TMC BR CM Deviation (%} 

38400 2 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 1/64 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-TMCO bits of TMC 
BR: Value of the TXBR3-TXBRO bits of TXS or the RXBR3-RXBRO bits of RXS 
CM: Value of the BRATE1-BRATEO bits of MD1 (clock mode in asynchronous mode (bit 

rate/clock frequency)) 
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Table S-19 Register Set Values and Bit Rates in Asynchronous Mode (cont) 

fcLK (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 1/64 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-TMCO bits of TMC 
BR: Value of the TXBR3-TXBRO bits of TXS or the RXBR3-RXBRO bits of RXS 
CM: Value of the BRATE1-BRATEO bits of MD1 (clock mode in asynchronous mode (bit 

rate/clock frequency)) 

Note: The values for a 12-MHz fcLK are given for reference. 
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Byte Synchronous/Bit Synchronous Mode: In byte or bit synchronous mode, the bit rate is 
selected with the TMC7-TMCO bits of TMC, the TXBR3-TXBRO bits ofTXS, and the 
RXBR3-RXBRO bits of RXS. 

Typical register set values and bit rates are listed in table 5-20. 

Table 5-20 Register Set Values and Bit Rates in Byte Synchronous/Bit 
Synchronous Mode 

fcLK (MHz) 

Bit Rate 2.4576 3.072 4 

(bps) TMC BR Deviation (%) TMC BR Deviation (%) TMC BR Deviation (%) 

38400 32 0.00 40 0.00 52 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 

fcLK (MHz) 

Bit Rate 4.608 4.9152 6 

(bps) TMC BR Deviation (%) TMC BR Deviation (%) TMC BR Deviation(%) 

38400 60 0.00 64 0.00 78 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-TMCO bits of TMC 
BR: Value of the TXBR3-TXBRO bits of TXS or the RXBR3-RXBRO bits of RXS 
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Table 5-20 Register Set Values and Bit Rates in Byte Synchronous/Bit 
Synchronous Mode (cont) 

fcLK {MHz) 

Bit Rate 6.144 8 9.216 

(bps) TMC BR Deviation {%) TMC BR Deviation (%) TMC BR Deviation {%) 

38400 80 1 0.00 104 0.16 120 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 

fcLK {MHz) 

Bit Rate 9.8304 10 12 

(bps) TMC BR Deviation {%) TMC BR Deviation {%) TMC BR Deviation {%) 

38400 128 0 130 0.16 156 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-TMCO bits of TMC 
BR: Value of the TXBR3-TXBRO bits of TXS or the RXBR3-RXBRO bits of RXS 

Note: The values for a 12-MHz fcLK are given for reference. 
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5.7 Interrupts 

5.7.1 Interrupt Types and Sources 

The MSCI can issue four types of interrupt requests: TXRDY, RXRDY, TXINT, and RXINT. 

These interrupts are initiated with the status bits (bits 7, 6, I, and 0) of status register 0 (STO) and 
are enabled/disabled with the enable bits (bits 7, 6, I, and 0) of interrupt enable register 0 (IEO). 

The TXINT and RXINT interrupts are also assigned with 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) of STO, regardless of 
the values of the TXINTE bit (bit 7) or RXINTE bit (bit 6) of IEO. 

5.7.2 Interrupt Clear 

The methods for clearing each interrupt are given below. 

• TXRDY interrupt 

Write data to the transmit buffer until the data byte count in the buffer becomes equal to or 
greater than TXF + I, (TXF is the value specified with TX ready control register 1 (TRCl)), or 
disable the transmitter. A channel reset or a TX reset command will also clear this interrupt. 

• RXRDY interrupt 

Read data from the receive buffer until it becomes empty. A channel reset or an RX reset 
command will also clear this interrupt. 

• TXINT interrupt 

Write a I to each status bit. When the interrupt source is an idle transmitter, write transmit 
data to the transmit buffer. 

• RXINT interrupt 

Write a I to each status bit. When the interrupt source is a parity/MP or CRC error, read 
receive data from the receive buffer. In bit synchronous mode, ST2 bit values are transferred 
to the frame status register (FST), and ST2 is reset when the last character to be transferred has 
been read from the receive buffer at completion of frame transfer. Table 5-21 shows interrupt 
types, sources, and clearing procedures. 
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Table 5-21 Interrupts, Interrupt Sources, and Clearing Procedures 

Interrupt 
Interrupt Status Enable Interrupt Source Enable Clearing 
Type Bit Bit Source Status Bit Bit Procedure·1 

TXRDY TXROY TXROYE TX ready 
interrupt 

RXRDY RX ROY RXROYE RX ready 2 
interrupt 

TXINT TXINT TXINTE <D Underrun error UORN UORNE 3 
interrupt ® Transmitter idle IOL IDLE 

@ CTS line level CCTS CCTSE 
transition 

RXINT RXINT RX IN TE <D SYN pattern SYN CO/ SYNCDE/ 4 
interrupt detection/flag FLGD FLGOE 

detection 

® OCD line coco COCDE 
level transition 

@ Break start BRKD/ BRKDE/ 
detection/abort ABTD/ ABTDE/ 
detection/GA GAPD GAP DE 
pattern detection 

©Break end BAKE/ BRKEE/ 
detection/idle IDLD IDLDE 
start detection 

® Receive frame EOM*2 EOME 
end (ST2) 

® Parity or MP PMP/ PMPE/ 
bit = 1 /short SHRT*2 SH RTE 
frame detection 

(J) Parity error/ PE/ABT*2 PEE/ABTE 4 
abort end frame 
detection 

@ Framing error FAME/ FRMEE/ 
detection/residual RBIT*2 RBITE 
bit frame detection 
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Table 5-21 Interrupts, Interrupt Sources, and Clearing Procedures (cont) 

Interrupt 
Interrupt Status Enable Interrupt Source Enable Clearing 
Type Bit Bit Source Status Bit Bit Procedure*1 

RXINT RXINT RXINTE ® Overrun error OVRN·2 OVRNE 4 
interrupt 

® CRC error CRCE'2 CRCEE 

(jJ) End of message EOMF EOMFE 
(FST) 

Clearing procedure 1: Write data to the transmit buffer until the data byte count in the buffer 
becomes equal to or greater than TXF + 1, (TXF is the value specified 
with TX ready control register 1 (TRC1 )), or disable the transmitter. 

Clearing procedure 2: Read data from the receive buffer until it becomes empty. 

Clearing procedure 3: - CD, ® : Write a 1 to each status bit. 

- ~: Write data to the transmit buffer to place the transmitter in other 
state. 

Clearing procedure 4: - CD -(jJ): Write a 1 to each status bit. 

Notes: 

- PMP: Read data from the receive buffer to enable reading the next 
data'3. 

- CRCE: Automatically cleared when the CRC calculation result is 
normal'4. 

1. The RXINT interrupt source can also be cleared by a channel reset or an RX reset 
command. The TXRDY and TXINT interrupt sources can also be cleared by a 
channel reset or a TX reset command. 

2. Status register 2 (ST2) bit values are transferred to the frame status register (FST) 
and ST2 is reset when the last character has been read from the receive buffer at 
completion of receive frame transfer. 

3. In CPU mode 1, the PMP bit is cleared when the parity/MP bit of the next data is 0, 
(when the next data becomes ready to be read). In CPU modes 0, 2, and 3, this 
bit is cleared when the parity/MP bit of the next two bytes of data are both O (when 
the next two bytes of data become ready to be read). 

4. CRC calculation result can be read from the CRCE bit when the CRCCC bit of 
mode register O (MDO) is 1. For details on the setting/resetting timing of the CRCE 
bit, see Error Checking, in section 5.3.2, Byte Synchronous Mode; and Error 
Checking, in section 5.3.3, Bit Synchronous Mode. 
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5.7.3 Interrupt Enable Conditions 

The conditions for the TXRDY, RXRDY, TXINT, and RXINT interrupt requests are listed below. 

• TXRDY interrupt request condition 
TXRDY = TXRDY • TXRDYE 

• RXRDY interrupt request condition 
RXRDY=RXRDY•RXRDYE 

• TXINT interrupt request condition 
TXINT = TXINT • TXINTE 
where, TXINT = UDRN • UDRNE + IDL • IDLE+ CCTS • CCTSE 

• RXINT interrupt request condition 
RXINT = RXINT • RXINTE 
where, RXINT = (SYNCD/FLGD) • (SYNCDE/FLGDE) + CDCD • CDCDE 

+ (BRKD/ABTD/GAPD) • (BRKDE/ABTDE/GAPDE) 
+ (BRKE/IDLD) • (BRKEE/IDLDE) + EOM • EOME 
+ (PMP/SHRT) • (PMPE/SHRTE) + (PE/ABT)o(PEE/ABTE) 
+ (FRME/RBIT)• (FRMEE/RBITE) + OVRN • OVRNE 
+CRCE •CRCEE+EOMF•EOMFE 

See figure 1-25 for the relationship between interrupt requests, their status bits, and enable bits of 
each register. 

5.8 Reset Operation 

When the MSCI is reset, (1) the receiver and transmitter are disabled, (2) the transmit/receive 
buffers are cleared, (3) the input/output lines (RXC and TXC) are set for input, (4) the output lines 
(TXD and RTS) are inactivated, and (5) all the internal registers are initialized. 

In addition, (1) asynchronous mode with 1 stop bit, 8-bit character length, 1/1 clock rate, and 
without parity is selected; (2) full-duplex communication with NRZ code is selected; (3) the 
transmit/receive status bits and interrupt enable bits are cleared; (4) the TXC line input serves as 
the transmit clock and the RXC line input as the receive clock; (5) the ADPLL and baud rate 
generator are initialized. 
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Section 6 Direct Memory Access Controller (DMAC) 

6.1 Overview 

The HD64570 has a four on-chip direct memory access controller channels (DMAC channels 0-3), 
which support chained-block transfer. Channel 0 is connected to the MSCI channel 0 receiver, 
channel 1 to the MSCI channel 0 transmitter, channel 2 to the MSCI channel 1 receiver, and 
channel 3 to the MSCI channel 1 transmitter (figure 1-14). Other than the connection destination, 
the specifications for the four channels arc identical. 

6.1.1 Functions 

The on-chip DMAC supports the following DMA transfer modes: single-block transfer (single 
address) and chained-block transfer (single address). The features and functions of each mode are 
summarized as follows: 

Single-Block Transfer Mode (Single Address): Data is transferred in byte units from the MSCI 
to memory via DMAC channels 0 and 2, or from memory to the MSCI via DMAC channels 1 and 

3. 

• Up to 64 kbytes of data transferred 

• Up to 16 Mbytes of memory addresses directly accessed 

• Interrupt generation at DMA transfer completion 

• Maximum data transfer rate of 6.66 Mbytes/s (at 10-MHz operation without wait states inserted) 

Chained-Block Transfer Mode (Single Address): When the MSCI is in bit synchronous mode, 
data is transferred from the MSCI to memory via DMAC channels 0 and 2, or from the MSCI to 
memory via DMAC channels 1 and 3. Successive single or multi-frame transfers can be made by 
writing and reading data to/from buffers in memory. 

• Interrupt generation at DMA transfer completion or frame transfer completion 

• Maximum data transfer rate of 6.66 Mbytes/s (at 10-MHz operation without wait states inserted) 

The priority of channels 0-3 is program-selectable in either transfer mode above. 
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6.1.2 Configuration and Operation 

The configuration of each DMAC channel is shown in figure 1-3. 

The DMAC supports single-block transfer mode (single address) and chained-block transfer 
mode, both of which control DMA transfers between the on-chip MSCI and memory. 

In either mode, a DMA transfer is initiated by a transfer request received when the DMA is 
enabled after the DMAC's internal registers have been loaded with the required values in DMA 
initial state. 

Single-Block Transfer Mode: The DMAC transfers one word or one byte of data between 
memory and the MSCI in each memory read or memory write cycle, using the single addressing 
mode. After having transferred the specified number of bytes (up to 64 kbytes), the DMAC 
returns to DMA initial state. 

Because the DMAC channels 0 and 2 are hardwired to the MSCI receivers and channels 1 and 3 to 
the MSCI transmitters, the transfer direction for each channel is fixed: from the MSCI to memory 
for channels 0 and 2, and from memory to the MSCI for channels I and 3. 

Transfer requests are generated by a request signal indicating the status of the MSCI 
receive/transmit buffers. 

Chained-Block Transfer Mode: When the MSCI is in bit synchronous mode, the DMAC 
transfers one word or one byte of frame-bounded data between memory and the MSCI in each 
memory read or memory write cycle, using the single addressing mode. After having transferred 
frame(s), the DMAC returns to DMA initial state. Note that normal operation is not guaranteed 
for chained-block transfer mode initiated in modes other than bit synchronous mode. 

The transfer direction for each channel is fixed: from the MSCI to memory for channels 0 and 2, 
and from memory to the MSCI for channels 1 and 3. 

In this mode, it is always necessary to assign the required buffers and descriptors in memory 
before transfer operations, regardless of the transfer direction. The user may assign as many 
buffers as required, linking the buffers in a chain form with the descriptors. Thus, the user must 
load the starting address of the buffer and the next descriptor into each descriptor. 

For an MSCI-to-memory transfer, loading the necessary values into the DMAC registers and then 
enabling the DMA causes the DMAC to write data sequentially to the receive buffer in memory. 
For a memory-to-MSCI transfer. The same events cause the DMAC to read the data sequentially. 
Even while the DMA is enabled, buffers whose contents have already been read/written can be 
released and used for new data. This enables transfer of successive data frames. 

Transfer requests are generated by an internal request signal indicating the status of the MSCI 
receive/transmit buffers. 
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6.2 Registers 

6.2.1 Destination Address Register (DAR: DARL, DARH, DARB)/Buffer Address Register 
(BAR: BARL, BARH, BARB) 

One set of three 8-bit subregisters, serving as the destination address register (DAR) or buffer 
address register (BAR) depending on the transfer mode, is provided for each of channels 0, 1, 2, 
and 3 (figure 6-1). 

Single-Block Transfer Mode: In single-block transfer mode, these subregisters serve as the 
destination address register (DAR: DARL, DARH, DARB) for specifying the destination address 
to which data is to be transferred. DARB, DARH, and DARL specify bits 23-16, 15- 8, and 7-0 
of the 24-bit destination address, respectively. This register can directly access a maximum of 16 
Mbytes of memory space. 

This register must be set in DMA initial state. (The DMAC has the following operation states: 
initial, enable, and halt states. For details, refer to section 6.2.11, DMA Command Register 
(DCR).) 

After reset, the value of this register is undefined. 

Chained-Block Transfer Mode: In chained-block transfer mode, these subregisters serve as the 
buffer address registers (BAR: BARL, BARH, BARB) for indicating the address of the data in 
the buffer currently being accessed. BARB, BARH, and BARL specify bits 23-16, 15- 8, and 
7-0 of the 24-bit memory address currently being accessed, respectively. MPU cannot write to this 
register in this mode. 

After reset, the value of these registers is undefined. 

I I I I I I I I I I I I I I I l 

Single-block transfer ' : 
DARB ' DARH DARL ' mode ' ' 

' 
Chained-block ' BARB ' BARH BARL transfer mode 

' 

Figure 6-1 Destination Address Register/Buffer Address Register 
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6.2.2 Source Address Register (SAR: SARL, SARH, SARB)/Chain Pointer Base (CPB) 

One set of three 8-bit subregisters, serving as the source address registers (SAR: SARL, SARH, 
SARB) or chain pointer base (CPB) depending on the transfer mode, is provided for each of 
channels 0, 1, 2, and 3 (figure 6-2). 

Single-Block Transfer Mode: In single-block transfer mode, the three 8-bit sub-registers serve 
as the source address registers (SAR: SARL, SARH, SARB) for specifying the 24-bit source 
address of the data to be transferred. SARB, SARH, and SARL specify bits 23-16, 15-8, and 7--0 
of the source address, respectively. This register can directly access a maximum of 16 Mbytes of 

memory space. 

This register must be set in DMA initial state. 

After reset, the value of this register is undefined. 

Chained-Block Transfer Mode: In chained-block transfer mode, the 8-bit subregister composed 
of bit 23-bit 16 serves as the chain pointer base (CPB) for specifying the high-order eight bits of 
the 24-bit descriptor address. When the high-order eight bits are specified, the 64-kbyte memory 
space is used as the descriptor area. 

This register must be set in DMA initial state. 

After reset, the value of these registers is undefined. 

>I< H 1615 

I I I I I I I 
' ' ' ' 
' ' 

Single-block transfer ' ' 
SAAB ' SAAH ' SAAL ' ' mode ' ' ' ' ' ' 

' ' Chained-block ' 
CPB ' Not used ' Not used transfer mode ' ' 

' ' ' ' ' ' 

Note: In chained-block transfer mode, bit 15-bit O are used for internal operations. 
Nothing, therefore, must be written to them. 

Figure 6-2 Source Address Regiser/Chain Pointer Base 
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6.2.3 Current Descriptor Address Register (CDA: CDAL, CDAH) 

One set of two 8-bit subregisters, serving as the current descriptor address register (CDA: CDAL, 
CDAH), is provided for each of channels 0, 1, 2, and 3 (figure 6-3). 

Single-Block Transfer Mode: In single-block transfer mode, these subregisters are not used. 
Their contents have no effect on operation. 

Chained-Block Transfer Mode: In chained-block transfer mode, these subregisters serve as the 
current descriptor address register (CDA: CDAL, CDAH). This register must be initialized to the 
low-order 16 bits of the 24-bit starting address of the descriptor that indicates the first buffer to be 
written or read. Later, after a DMA transfer is initiated, the initial value is updated to the starting 
address of the next descriptor by the DMAC when the buffers are switched. The high-order eight 
bits of the descriptor are specified by the chain pointer base (CPB) and are not updated by the 
DMAC. 

This register can be read even when a DMA is enabled. For reading this register in byte units, 
read CDAL first. Values read from CDAH are those it contained when CDAL was read. 

This register must be set in DMA initial state. 

After reset, the value of this register is undefined. 

I I I 11 I I 
L l 
I I I I 

0 

Single-block transfer ' 

mode 
Not used 

' 
Not used 

-- --------r---- ---- ·····-·· ··-··---______, 

Chained-block 
COAH COAL transfer mode 

Figure 6-3 Current Descriptor Address Register 
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6.2.4 Error Descriptor Address Register (EDA: EDAL, EDAH) 

One set of two 8-bit sub-registers, serving as the error descriptor address register (EDA: EDAL, 
EDAH), is provided for each of channels 0, 1, 2, and 3 (figure 6-4). 

Single-Block Transfer Mode: In single-block transfer mode, these subregisters are not used. 
Their contents have no effect on operation. 

Chained-Block Transfer Mode: In chained-block transfer mode, these subregisters serve as the 
error descriptor address register (EDA: EDAL, EDAH). This register must be initialized to the 
low-order 16 bits of the 24-bit starting address of the descriptor that indicates the buffer next to 
the last buffer to be written or read. When the value of the current descriptor address register 
(CDA) matches that of EDA, chained-block transfer is terminated. The high-order eight bits of 
the descriptor are specified by the chain pointer base (CPB). 

This register can be written by the MPU even while a DMA is enabled. For writing this register in 
byte units, write EDAL first. When EDAH is written, EDAL and EDAH are updated 
simultaneous! y. 

After reset, the value of this register is undefined. 

I
< H 

15
1 I I I I I 

l L 1 C1111111° 
' 

Single-block transfer ' 
Not used ' Not used mode ' ' 

' 
Chained-block ' 

EDAH ' EDAL ' transfer mode ' I 
' 

Figure 6-4 Error Descriptor Address Register 
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6.2.5 Receive Buffer Length Register (BFL: BFLL, BFLH) 

One set of two 8-bit subregisters, serving as the receive buffer length register (BFL: BFLL, 
BFLH), is provided for each of channels 0 and 2 (figure 6-5). 

Single-Block Transfer Mode: In single-block transfer mode, these subregisters are not used. 
Their contents have no effect on operation. 

Chained-Block Transfer Mode: In chained-block transfer mode, these subregisters serve as the 
receive buffer length register (BFL: BFLL, BFLH). This register specifies the buffer length in 
memory in byte units only in MSCI-to-memory chained-block transfer mode. 

This register must be set in DMA initial state. 

After reset, the value of this register is undefined. 

I I 
l l 
11 11° 

Single-block transfer Not used Not used 
mode ' 

Memory to 
r-------·-~--

Chained- Not used Not used 
block trans- MSCI ' 

MSCI to 
fer mode memory_ BFLH ' BFLL 

Figure 6-5 Receive Buffer Length Register 
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6.2.6 Byte Count Register (BCR: BCRL, BCRH) 

One set of two 8-bit subregisters, serving as the byte count register (BCR: BCRL, BCRH), is 
provided for each of channels 0, 1, 2, and 3 (figure 6-6). 

Single-Block Transfer Mode: In single-block transfer mode, BCR specifies the number of bytes 
to be transferred (up to 64 kbytes). The BCR value is decremented by 1 each time one byte of 
data is transferred by the DMAC or decremented by 2 each time one word of data is transferred. 
The transfer operation terminates when the value becomes OOOOH. If OOOOH is set as the initial 
value, 64 kbytes of data will be transferred. 

This register must be set in DMA initial state. 

After reset, the value of this register is undefined. 

Chained-Block Transfer Mode: In this mode, BCR indicates the number of bytes remaining in 
the buffer currently being accessed. When the BCR value becomes OOOOH, read/write access to 
the current buffer terminates, and the next buffer becomes available. At this time, the BCR value 
is updated, either to the byte length stored in the descriptor data length for a memory-to-MSC! 
transfer (transmission: buffer read), or to the value of the receive buffer length register (BFL) for 
an MSCI-to-memory transfer (reception: buffer write). 

The MPU cannot write to this register in this mode. 

After reset, the value of this register is undefined. 

r H l L 1 ~5111111C1111111° 
Single-block transfer 
mode 

Chained-block 
transfer mode 

BCRH 

' ' 
' ' ' ' ' ' ' ' ' ' ' 
' ' ' ' ' ' 

Figure 6-6 Byte Count Register 

250 

' 

BCRL 



6.2.7 DMA Status Register (DSR) 

The DMA status register (DSR), provided for each of channels 0, 1, 2, and 3, indicates the status 
of a DMA transfer. This register also enables or disables each DMAC channel. 

7 6 5 4 3 2 0 

Single-block _'1 _'1 _·1 
transfer mode 

EOT _·2 _·2 --
DE OWE Chained-block 

transfer mode 

Read/Write 
Initial value 

End of transfer 

EOM03 BOF03 coF·3 

R/W R/W R/W R/W 
0 0 0 0 0 

I 
Counter overflow 

O: Transfer not completed 
1 : Transfer completed 

• Chained-block 
transfer 

O: No error detected 
1 : Error detected 

Buffer overflow/underflow 
• Chained-block transfer 
O: No error detected 
1: Error detected 

End of frame transfer 
• Chained-block transfer 
O: Frame transfer not completed 
1: Frame transfer completed 

0 
R/W w 

0 

I 
OMA enable 
O: Disable 
1: Enable 

DE bit write enable 
O: Enable 
1: Disable 

Notes: 1. Reserved. When read, these bits are undefined. They can be set to O or 1. 
2. Reserved. These bits always read O and must be set to 0. 
3. These bits can be cleared when a 1 is written to the bit positions. 

Bit 7 (EOT: End of Transfer): A 1 indicates that the transfer operation by the DMAC has been 
completed normally, in either single-block transfer or chained-block transfer mode. See section 
6.4.1, Overview, for the conditions governing DMA normal completion. 

This bit is cleared when a 1 is written to the bit position. 
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When this bit and the EOTE bit of the DMAC interrupt enable register {DIR) are both 1, the 
DMAC generates an interrupt request (DMIB). For details, see section 6.2.10, DMA Interrupt 
Enable Register (DIR). 

Bit 6 (EOM: End of Frame Transfer): The function of this bit is described below. 

• Single-block transfer mode 

Reserved. When read, the value of this bit is undefined. This bit can be set to 0 or 1. 

• Chained-block transfer mode 

An EOM bit of 1 indicates that a transfer of one frame has been completed normally. 

This bit is cleared when a 1 is written to the bit position while the frame end interrupt counter 
(FCT) is disabled. 

While FCT is enabled and its value is not 0000, the EOM bit remains 1. (See section 6.2.8, DMA 
Mode Register (DMR)). At this time, when a 1 is written to this bit, the counter is decremented. 
When the counter value becomes 0000, this bit is set to 0. (While FCT is enabled and the EOM 
bit is 0, a 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 is set to 1. The EOM bit 
can be cleared by a frame end interrupt counter clear command specified by the DMA command 
register (DCR). 

When this bit and the EOME bit of DIR are both 1, the DMAC generates an interrupt request 
(DMIB). See the description on the CNTE bit in section 6.2.8, DMA Mode Register, for more 
detail. 

Bit 5 (BOF: Buffer Overflow/Underflow): The function of this bit is described below. 

• Single-block transfer mode 

Reserved. When read, the value of this bit is undefined. This bit can be set to 0 or 1. 

• Chained-block transfer mode 

The BOF bit is set to 1 to indicate that a buffer overflow or underflow occurs in the DMAC. In 
this mode, a buffer overflow is defined as the condition when a transfer request is issued by the 
MSCI during MSCI-to-memory transfer (reception) 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 defined as the condition when a transfer request is issued by the MSCI 
during memory-to-MSC! transfer (transmission) while CDA and EDA have the same values. 

This bit is cleared when a 1 is written to the bit position. 
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When this bit and the BOFE bit of DIR are both 1, the DMAC generates an interrupt request 
(DMIA). For details, see section 6.2.10, DMA Interrupt Enable Register (DIR). 

Bit 4 (COF: Counter Overflow): The function of this bit is described below. 

• Single-block transfer mode 

Reserved. When read, the value of this bit is undefined. This bit can be set to 0 or 1. 

• Chained-block transfer mode 

The COF bit indicates an overflow in FCT; this bit is set to 1 when a frame transfer is 
completed after the FCT value becomes 1111. At this time, the FCT value is reset to 0000. 

This bit is cleared when a 1 is written to the bit position. 

When this bit and the COFE bit of DIR are both 1, the DMAC generates an interrupt request 
(DMIA). For details, see section 6.2.10, DMA Interrupt Enable Register (DIR). 

Bits 3-2: Reserved. These bits always read 0 and must be set to 0. 

Bit 1 (DE: DMA Enable): Enables or disables the corresponding DMA channel in either single­
block transfer mode or chained-block transfer mode as follows: 

DE= 0: Disables the DMA channel 0, I, 2, or 3 

DE= 1: Enables the DMA channel 0, 1, 2, or 3 

To write a value to the DE bit, a 0 must be written to the DWE bit at the same time. 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 conditions, see section 6.4.1, Overview. 

The DMAC enters halt state when a 0 is written to this bit during a transfer. 

Bit 0 (DWE: DE Bit Write Enable): Enables write operation to the DMA enable (DE) bit in 
either single-block transfer mode or chained-block transfer mode. To write a value to the DE bit, 
a 0 must be written to the DWE bit at the same time. Since the value of this bit is not retained, a 0 
must be written to the DWE bit each time any value is written to the DE bit. 

When read, this bit always reads 1. 
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6.2.8 DMA Mode Register (DMR) 

The DMA mode register (DMR), provided for each of channels 0, 1, 2, and 3, specifies DMA 
transfer mode and number of DMA frames (single or multiple). This register also enables or 
disables the frame end interrupt counter (FCT). 

This register must be set in DMA initial state. 

7 6 5 4 3 2 0 

Single-block _·1 

transfer mode __.:2 __.:2 __.:2 TMOD __.:2 
Chained-block 

>----< CNTE __.:2 

transfer mode 

Read/Write 
Initial value 0 

r 
DMA transfer mode 

0 

O: Single-block transfer 
1: Chained-block transfer 

0 

NF 

R!W 
0 

R/W R/W 
0 0 

J ~ 
Number of DMA frames 
• Chained-block transfer 
O: Single frame 
1: Multi-frame 

0 

Frame end intrrrupt counter (FCT) 
enable/disable 
• Single~block transfer 
Set this bit to O 

• Chained-block transfer 

0 

O: Frame end interrupt counter (FCT) disabled 
1: Frame end interrupt counter (FCT) enabled 

Notes: 1. Reserved. When read, this bit is undefined and can be set to O or 1. 
2. Reserved. These bits always read O and must be set to 0. 

Bits 7-5: Reserved. These bits always read 0 and must be set to 0. 

Bit 4 (TMOD: DMA Transfer Mode): Specifies the DMAC operation mode in either single­
block transfer mode or chained-block transfer mode as follows. This bit is reset to 0. 

TMOD = 0: Specifies single-block transfer mode 

TMOD = 1: Specifies chained-block transfer mode 
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Bit 3: Reserved. This bit always reads 0 and must be set to 0. 

Bit 2 (NF: Number of DMA Frames): The function of this bit is described below. 

• Single-block transfer mode 

Reserved. When read, the value of this bit is undefined. This bit can be set to 0 or 1. 

• Chained-block transfer mode 

The NF bit specifies either single- or multi-frame chained-block transfer mode as follows. This 
bit is reset to 0. 

NF = 0: Specifies single-frame mode 

NF= 1: Specifies multi-frame mode 

Bit 1 (CNTE: Frame End Interrupt Counter Enable/Disable): The function of this bit is 
described below. 

• Single-block transfer mode 

The CNTE bit must be set to 0. 

• Chained-block transfer mode 

The CNTE bit enables or disables the frame end interrupt counter (FCT) as follows. See 
section 6.2.7, DMA Status Register (DSR), and section 6.2.9, Frame End Interrupt Counter 
(FCT). This bit is reset to 0. 

CNTE = 0: Disables FCT 

CNTE = 1: Enables FCT 

Bit 0: Reserved. This bit always reads 0 and must be set to 0. 
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6.2.9 Frame End Interrupt Counter (FCT) 

The frame end interrupt counter (FCT), provided for each of channels 0, 1, 2, and 3, counts the 
unprocessed interrupt requests which have occurred during multi-frame chained-block transfer. 
This is a 4-bit read-only counter. 

Single-block 
transfer mode 
Chained-block 
transfer mode 

Read/Write 
Initial value 

7 

_:1 

0 

6 5 4 

___:1 ___:1 _:1 

0 0 0 

3 

_·2 

FCT3 

R 
0 

2 

_:2 

FCT2 

R 
0 

_·2 

FCT1 

R 
0 

0 

_·2 

FCTO 

R 
0 

Frame end interrupt counter (FCT) value 

Notes: 1. Reserved. These bits always read 0. 
2. Reserved. When read, these bits are undefined. 

Bits 7-4: Reserved. These bits always read 0. 

Bits 3-0 (FCT3-FCTO: Frame End Interrupt Counter Value): The function of these bits is 
described below. 

• Single-block transfer mode 

Reserved. When read, the value of these bits is undefined. 

• Chained-block transfer mode 

In multi-frame chained-block transfer mode, the DMAC can request a DMIB interrupt (frame 
end interrupt) at completion of each frame. (The DMAC remains enabled and successive 
interrupts can occur.) If the transfer of successive requested frames is completed before the 
l\1PU executes the interrupt processing routine, some interrupt requests might remain 

. unprocessed. The frame interrupt counter (FCT) counts such interrupts. 

F<;T is enabled or disabled by the CNTE bit of DMA mode register (DMR). For details, see 
section 6.2.8, DMA Mode Register (DMR). 

The EOM bit of the' DMA status register (DSR) remains 1 when the FCT value is not 0000. 
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When a 1 is written to the EOM bit, the PCT value is decremented. (While PCT is enabled and its 
value is 0000, the EOM bit of DSR must not be set to 1.) If frame transfer continues after the 
PCT value reaches 1111, the DMAC tenninates transfer operation when the next frame transfer 
has been completed. At this time, the COF bit of DSR is set to 1. If the COPE bit of the DMA 
interrupt enable register (DIR) is 1, the DMAC generates a counter overflow interrupt (DMIA). 
Here, the PCT value reaches 0000, and the EOM bit is set to 1. The EOM bit can be cleared by a 
frame end interrupt counter clear command specified by the DMA command register (DCR). For 
commands, see section 6.2.11, DMA Command Register (DCR). 

6.2.10 DMA Interrupt Enable Register (DIR) 

The DMA interrupt enable register (DIR), provided for each of channels 0, 1, 2, and 3, enables or 
disables transfer end interrupts, frame transfer end interrupts, buffer overflow/underflow 
interrupts, and counter overflow interrupts. 

7 6 5 4 3 2 

Single-block _·1 _.1 _·1 
transfer mode 

EOTE _.2 _·2 _·2 

Chained-block 
transfer mode EOME BOFE COFE 

Read/Write 
Initial value 

R/W R/W R/W R/W 
0 

I 
Transfer end interrupt 
enable 
0: Disable 
1: Enable 

0 0 0 0 

I 
Counter overflow 
interrupt enable 

0 0 

• Chained-block transfer mode 
O: Disable 
1: Enable 

0 

_.2 

0 

Frame transfer end interrupt 
enable 

Buffer ovlrflow/underflow 
interrupt enable 

• Chained-block' transfer mode 
O: Disable 
1: Enable 

• Chained-block transfer mode 
O: Disable 
1: Enable 

Notes: 1. Reserved. When read, these bits are undefined and can be set to 0 or 1. 
2. Reserved. These bits always read O and must be set to 0. 
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Bit 7 (EOTE: Transfer End Interrupt Enable): Enables or disables a DMA nonnal end 
interrupt (DMIB) caused by the EOT bit of DSR in either single-block transfer mode or chained­
block transfer mode as follows. 

EOTE = 0: Disables an interrupt (DMIB) caused by the EOT bit 

EOTE = 1: Enables an interrupt (DMIB) caused by the EOT bit 

Bit 6 (EOME: Frame Transfer End Interrupt Enable): The function of this bit is described 
below. 

• Single-block transfer mode 

Reserved. When read, the value of this bit is undefined. This bit can be set to 0 or 1. 

• Chained-block transfer mode 

The EOME bit enables or disables a DMA frame end interrupt (DMIB) caused by the EOM bit 
of DSR as follows: 

EOME = 0: Disables an interrupt (DMIB) caused by the EOM bit 

EOME = 1: Enables an interrupt (DMIB) caused by the EOM bit 

Bit 5 (BOFE: Buffer Overflow/Underflow Interrupt Enable): The function of this bit is 
described below. 

• Single-block transfer mode 

Reserved. When read, the value of this bit is undefined. This bit can be set to 0 or 1. 

• Chained-block transfer mode 

The BOFE bit enables or disables a buffer overflow/underflow interrupt (DMIA) caused by the 
BOF bit of DSR as follows: 

BOFE = 0: Disables an interrupt (DMIA) caused by the BOF bit 

BOFE = 1: Enables an interrupt (DMIA) caused by the BOF bit 

Bit 4 (COFE: Counter Overflow Interrupt Enable): The function of this bit is described 
below. 

• Single-block transfer mode 

Reserved. When read, the value of this bit is undefined. This bit can be set to 0 or 1. 

• Chained-block transfer mode 

The COFE bit enables or disables a counter overflow interrupt (DMIA) caused by the COF bit 
of DSR as follows: 
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COFE = 0: Disables an interrupt (DMIA) caused by the COF bit 

COFE = 1: Enables an interrupt (DMIA) caused by the COF bit 

Bits 3-0: Reserved. These bits always read 0 and must be set to 0. 

6.2.11 DMA Command Register (DCR) 

The DMA command register (DCR), provided for each of channels 0, 1, 2, and 3, issues a 
software abort or a frame end interrupt counter clear command to the DMAC. This register 
always reads OOH. 

Single-block 
transfer mode 
Chained-block 
transfer mode 

Read/Write 
Initial value 

7 

_.1 
6 5 4 

_.1 _.1 _.1 
3 

_.1 
2 0 

_.1 DCMD1 DCMDq 

w w 

Command specification ·2 

O 1 : Software abort 
1 O: Frame end interrupt 

counter cleared 
Others: Reserved 

Notes: 1. Reserved. These bits always read 0 and must be set to 0. 
2. These commands must not be issued when the corresponding DMAC 

channel is enabled (DE = 1 ). No values other than those shown here 
(01 H and 02H) must be written to these bits. 

Bits 7-2: Reserved. These bits always read 0 and can be set to 0. 

Bits 1-0 (DCMDl-DCMDO: Command): The function of these bits in either single-block 
transfer mode or chained-block transfer mode is described below. 

DCDMI, DCDMO = 0, 1: Issues a software abort command; initializes the corresponding DMAC 
channel (figure 6-3). All DMAC registers retain their previous values. 

DCDMl, DCDMO = 1, 0: Issues a frame end interrupt clear command; clears the frame end 
interrupt counter (FCT) of the corresponding DMAC channel to 0000 
and the EOM bit of the DMA status register (DSR) to 0. 

Other settings: Inhibited 
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If the DMAC is disabled by software (the DE bit of DSR cleared) for a new operation, the DMAC 
must be initialized by a software abort command. This is necessary because the DMAC retains its 
internal state even after being disabled. However, if the DMAC was disabled when the transfer 
end conditions were satisfied, a software abort command is not necessary. 

The state transition diagram for three operating modes of the DMAC (initial state, enable state, 
and halt state) is shown in figure 6-7. 

Hardware reset Initial 
state 

Mode 
change () 

Address 
write 

Software abort 

Software inhibit 

DE t-1 
(Software) 

Transfer 
complete 

Enable 
state 

DE +--0 
(Software) 

DE +--1 
(Software) 

Figure 6-7 Software Abort and DMAC Operation 

Halt 
state 

When the DE bit of DSR is cleared by the MPU while the DMAC is enabled, the DMAC enters 
halt state. Issuing a software abort command at this time causes the DMAC to enter initial state. 
In this case, the DMA mode register (DMR), DSR, FCT, and DMA interrupt enable register (DIR) 
retain their previous values. Note that software cannot cause the DMAC to enter initial state 
directly from enable state. 

Mode, address, and data length must not be changed during DMAC halt or enable state. If it is 
necessary to change these values, the DMAC must be initialized by a software abort command in 
advance. However, after a DMA transfer is completed (see table 6-3, DMAC Operating Modes, 
in section 6.4.1, Overview), the DMAC is automatically placed in initial state, and no software 
abort commands are necessary. 
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6.2.12 DMA Priority Control Register (PCR) 

The DMA priority control register (PCR), shared by channels 0, 1, 2, and 3, specifies channel 
priority. When multiple channels request a DMA transfer, the channel given the highest priority 
can use the bus. This register can be accessed only in byte units. 

Single-block 
transfer mode 
Chained-block 
transfer mode 

Read/Write 
Initial value 

7 6 5 

- - -

0 0 0 

Bus release condition 

4 

BRC 

R/W 
0 

O: No DMA request issued 
1: One DMA transfer performed 

by each channel 

3 2 0 

CCC PR2 PR1 PRO 

R/W R/W R/W R/W 
0 0 0 0 

I 
Channel priority 

Channel change condition 
O: Per bus cycle 
1: No DMA request issued by 

the corresponding channel 

Note: Bits 7-5 are reserved. These bits always read 0 and must be set to 0. 

Bits 7-5: Reserved. These bits always read 0 and must be set to 0. 

Bit 4 (BRC: Bus Release Condition): Specifies the condition for the SCA to release the bus 
control obtained in either single-block transfer mode or chained-block transfer mode as follows. 

BRC = 0: The SCA releases the bus control when all DMA transfer requests have been processed. 

BRC = 1: The SCA releases the bus control when every DMAC channel has performed one 
DMA transfer according to the priority specified by the PR2-PRO bits (channel priority 
bits) of PCR. In this case, a channel releases the bus control when it has performed one 
DMA transfer, and the bus control is given to a channel that has not performed a DMA 
transfer. Bus control is switched between channels according to the CCC bit (channel 
change condition bit) of PCR. The SCA also releases the bus when all DMA transfer 
requests have been processed, even when not all DMAC channels have performed one 
DMA transfer. 
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Bit 3 (CCC: Channel Change Condition): Specifies the condition for switching bus control 
between channels in either single-block transfer mode or chained-block transfer mode as follows. 
Bus control changes immediately after T3 or Ti state of each cycle (transmit/receive data transfer 
cycle or the cycles shown in figure 6-22). 

CCC = 0:- One channel releases the bus to another channel at each cycle 

CCC= 1: One channel releases the bus to another channel when all DMA requests for the 
channel have been processed 

Bits 2-0 (PR2-PRO: Channel Priority): Specify channel priority on the bus control in either 
single-block transfer mode or chained-block transfer mode as follows. 

PR2, PRl, PRO= 0, 0, 0: Priority= Channel 0 >channel 1>channel2 >channel 3 

PR2, PRl, PRO= 0, 0, 1: Priority= Channel 2 >channel 3 >channel 0 >channel 1 

PR2, PRl, PRO= 0, 1, 0: Priority= Channel 0 >channel 2 >channel 1>channel3 

PR2, PRl, PRO= 0, 1, 1: Priority= Channel 1>channel3 >channel 0 >channel 2 

PR2, PRl, PRO= 1, x, x: Priority= Channel 0 ~channel 1 ~channel 2 ~channel 3 ~channel 
0 (rotation) ("x" indicates either 0 or 1) 

DMA transfers by multiple channels with PR2 = 1, BRC = 1, and CCC= 1 is described below. 

1. When the SCA has obtained bus control, channels that request their first DMA transfer are 
serviced, according to the priority specified. 

2. When a different channel requests its first DMA transfer during the DMA transfer initiated in 
step 1: 

a. If a channel with a lower priority requests its first DMA transfer when a channel with a 
higher priority is performing its DMA transfer, the specified priority is obeyed. 

b. If a channel with a higher priority requests its first DMA transfer when a channel with a 
lower priority is performing its first DMA transfer, the higher priority channel must wait 
until the channel with the lowest priority in step 1 has completed its DMA transfer. 

a orb applies also when multiple channels request their first DMAs. 

3. The SCA releases the bus when every channel that requested a first DMA transfer has 
completed its DMA transfer, except when a channel requests a second DMA transfer before 
the above procedure is completed. In this case, the SCA repeats the above procedure, 
beginning with the step when the SCA obtains bus control. 
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6.2.13 DMA Master Enable Register (DMER) 

The DMA master enable register (DMER), shared by channels 0, 1, 2, and 3, enables or disables 
DMA master operation. This register can be accessed only in byte units. 

7 6 

Single-block 
transfer mode DME -
Chained-block 
transfer mode 

Read/Write R/W 
Initial value 0 

OMA master enable 
O: Disable 
1: Enable 

5 

-

0 

4 3 2 0 

- - - - -

0 0 0 0 0 

Note: Bits 6-0 are reserved. These bits always read 0 and must be set to 0. 

Bit 7 (DME: DMA Master Enable): Enables or disables channels 0, 1, 2, or 3 in either single­
block transfer mode or chained-block transfer mode as follows. 

DME = 0: Disables all channels 

DME = 1: Enables channel(s) depending on the DE bit of the DMA status register (DSR) of each 
channel 

After reset, the value of the DME bit is 1. 

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

6.3 Descriptors 

In chained-block transfer mode, transmit/receive data is stored in buffers in system memory. Each 
buffer has a descriptor indicating the buffer attributes. The buffers are linked by these descriptors. 

6.3.1 Memory-to-MSCI Chained-Block Transfer Mode (Transmission) 

Descriptors and buffers in system memory for memory-to-MSCI chained-block transfer mode are 
shown in figure 6-8. 
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Each descriptor consists of a 16-bit chain pointer (CP), 24-bit buffer pointer (BP), 16-bit data 
length field (DL), and 8-bit status field (Sl). These fields are allocated to system memory in byte 
units. The descriptor format is shown in figure 1-22. Detailed descriptions of these fields are 
given below. 

<( 

0 
a 
-~ 

8! 
Cl 

co .... 
0 a 
-~ 
(I) 

Cl 

Memory 

Chain pointer (CP) A (16 bits) 

Buffer pointer (BP) A (24 bits) 

Data length (Dl) A (16 bits) 

Status (ST) A (8 bits) 

Chain pointer (CP) B (16 bits) 

Buffer pointer (BP) B (24 bits) 

Data length (Dl) B (16 bits) 

Status (ST) B (8 bits) 

Descriptor table 

Memory 

[-
ETill : Transmit data 

Figure 6-8 Descriptors and Buffers in Memory-to-MSCI Chained-Block Transfer Mode 

Chain Pointer (CP) (16 Bits): Specifies the low-order 16 bits of the 24-bit start address of the 
next descriptor. The high-order eight bits are specified by the chain pointer base (CPB). The 
chain pointer value is loaded into the current descriptor address register (CDA) at buffer 
switching. 

Buffer Pointer (BP) (24 Bits): Specifies the start address of the buffer corresponding to the 
descriptor. The BP value is loaded into the buffer address register (BAR) at the start of transfer or 
at buffer switching. 

Data Length (DL) (16 Bits): Specifies the data length in the buffer corresponding to the 
descriptor in byte units. The DL value is loaded into the byte count register (BCR) at the start of 
transfer or at buffer switching. 

This field is controlled by the MPU in memory-to-MSC! chained-block transfer mode. 
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Status (ST) (8 Bits): Indicates a frame transfer end or DMA transfer end for buffer data 
corresponding to the descriptor. 

This field is controlled by the MPU in memory-to-MSC! chained-block transfer mode. 

ST configuration for memory-to-MSC! chained-block transfer mode (transmission) is shown in 
table 6-1. 

Table 6-1 Status Configuration (transmission) 

Bit Function 

7 EOM 

6 Not used 

5 Not used 

4 Not used 

3 Not used 

2 Not used 

Not used 

O EQT 

Note: Status bits 6-1 are not used in memory-to-MSCI chained-block transfer mode. 

The functions of bit 7 and bit 0 are described below. 

Bit 7 (EOM: End of Message): Indicates whether or not a frame transfer ends in the buffer 
corresponding to the descriptor. 

EOM = 0: Indicates that no frame ends in the buffer corresponding to the descriptor 

EOM = 1: Indicates that a frame ends in the buffer corresponding to the descriptor 

Bit 0 (EQT: End of Transfer): Specifies whether or not to terminate DMA transfer after the 
current frame is transferred in multi-frame transfer mode. 

EOT = 0: Does not terminate transfer 

EOT = 1: Terminates transfer 
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6.3.2 MSCI-to-Memory Chained-Block Transfer Mode (Reception) 

Descriptors and buffers in system memory for MSCI-to-memory chained-block transfer mode are 
shown in figure 6-9. 
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% 
·5 
II) 
(J) 

Cl 

Memory 

Chain pointer (CP) A (16 bits) 

Buffer pointer (BP) A (24 bits) 

Data length (DL) A (16 bits) 

Status (ST) A (8 bits) 

Chain pointer (CP) B (16 bits) 

Buffer pointer (BP) B (24 bits) 

Data length (DL) B (16 bits) 

Status (ST) B (8 bits) 

Descriptor table 

Memory 
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Current write position 

[]]] : Receive data 

Figure 6-9 Descriptors and Buffers in MSCI-to-Memory Chained-Block Transfer Mode 

The descriptor format for MSCI-to-memory chained-block transfer mode is the same as that 
shown in figure 6-8. Detailed descriptions of these fields are given below. 

Chain Pointer (CP) (16 Bits): Specifies the low-order 16 bits of the 24-bit start address of the 
next descriptor. The high-order eight bits are specified by the chain pointer base (CPB). The 
chain pointer value is loaded into the current descriptor address register (CDA) at buffer 
switching. 

Buffer Pointer (BP) (24 Bits): Specifies the start address of the buffer corresponding to the 
descriptor. The BP value is loaded into the buffer address register (BAR) at the start of transfer or 

·at buffer switching. 

Data Length (DL) (16 Bits): Specifies the data length in the buffer corresponding to the 
descriptor in byte units. 
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This field is controlled by the DMAC in MSCI-to-memory chained-block transfer mode. After 
received data is loaded into the buffer, the DMAC loads the byte count of the data into this field. 

Status (ST) (8 Bits): Indicates the status of the data in the buffer corresponding to the descriptor. 

After da~ is loaded into the buffer, the DMAC loads the status of the data into this field. 

This field is controlled by the DMAC in MSCI-to-memory chained-block transfer mode. 

ST configuration for MSCI-to-memory chained-block transfer mode (reception) is shown in 
table 6-2. 

Table 6-2 Status Configuration (reception) 

Bit Function 

7 EOM 

6 Short frame 

5 Abort 

4 Residual bit 

3 Overrun 

2 CRC 

Not used 

0 Not used 

When a frame ends in the buffer corresponding to the descriptor, ST bit 7 to bit 0 are loaded with 
the MSCI frame status register (FST) value, which is set immediately after the MSCI transmits the 
end of frame from the receive buffer to the data bus. (For bit 7 to bit 0, see sections 5.2.11, MSCI 
Status Register 2 (ST2), and 5.2.13, MSCI Frame Status Register (FST). When no frame ends in 
the buffer corresponding to the descriptor and if the buffer is switched during one frame, ST bit 7 
to bit 0 are cleared. 
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6.4 Operating Modes 

6.4.1 Overview 

The DMAC supports single-block transfer mode (single address) and chained-block transfer mode 
(single address). Each transfer mode is summarized in table 6-3. 

Single-block transfer mode is available in asynchronous, byte synchronous, and bit synchronous 
modes. Chained-block transfer mode is available only in bit synchronous mode. (Normal 
operation is not guaranteed in asynchronous or byte synchronous mode.) 

The DMAC supports byte transfer in CPU mode 1 (8-bit MPUs of the HD64180 family) and word 
transfer in CPU modes 0, 2, and 3 (16-bit MPUs). In CPU modes 0, 2, and 3, the DMAC begins 
transferring a word of data after transferring one byte of data when the start address of the data 
buffer in memory is odd. 
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Table 6-3 DMAC Operating Modes 

Operating Mode*1 

Requesting source 

Data transfer unit 

Bus mode 

Minimum transfer 
states/byte (Word) 

Operation Source 
address 

Destina­
tion 
address 

Transfer 
end 
condition 

Chained-Block Transfer Mode 
(Single Address) 

Single-Block Transfer Mode 
(Single Address) 

Memory to MSCI 

Single Frame Multi-Frame 
Memory to MSCI MSCI to Memory Transfer Transfer 

MSCI 

Single block Single frame Multi-frame 

Started by a request from the MSCI 
A request from the MSCI is level sensitive 

3 states 

Specified by the MSCI receiver 
source address 
register (SAR) 

Specified by the buffer 
address register (BAR) 

MSCI transmitter Specified by the MSCI transmitter 
destination 
address 
register (DAR) 

MSCI to Memory 

Single Frame Multi-Frame 
Transfer Transfer 

Single frame Multi-frame 

MSCI receiver 

Specified by BAR 

Normal The number of bytes of data specified One frame The frame One frame 
end in the byte count register (BCR) has has been specified by has been 

Error 
end 

been transferred transferred the descriptor transferred 
status field 
(ST) has been 
transferred 

• A DMA transfer request is issued when the error descriptor 
address register (EDA) and current descriptor address 
register (CDA) match 

Notes: 1. The operating mode is specified using the AMOD and TMOD bits of the DMA mode register (DMR). For details, see 
section 6.2.8, DMA Mode Register (DMR). 
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0 

Table 6-3 DMAC Operating Modes (cont) 

Operating Mode*1 

Operation Transfer 
(cont) end 

condition 

Error 
end 

Available MSCI modes 

Single-Block Transfer Mode 
(Single Address) 

Chained-Block Transfer Mode 
(Single Address) 

Memory to MSCI MSCI to Memory 

Single Frame Multi-Frame Single Frame Multi-Frame 
Memory to MSCI MSCI to Memory Transfer Transfer Transfer Transfer 

• Frame end interrupt counter (FCT) overflows when it is 
enabled 

Asynchronous, byte synchronous, or Bit synchronous·2 
bit synchronous 

Notes: 1. The operating mode is specified using the AMOO and TMOO bits of the OMA mode register (OMR). For details, see 
section 6.2.8, OMA Mode Register (OMR). 

2. Normal operation is not guaranteed in asynchronous or byte sychronous mode. 



6.4.2 Memory-to/from-MSCI Single-Block Transfer Mode 

Operation: The HD64570 allows single-block transfers (single address) from the MSCI to 
memory via DMAC channels 0 and 2, and from memory to the MSCI via DMAC channels 1 
and 3. 

In MSCI-to-memory single-block transfer mode, the destination start address and transfer byte 
count must be set in the destination address register (DAR) and byte count register (BCR), 
respectively, in DMAC channels 0 and 2. Similarly, in memory-to-MSCI single-block transfer 
mode, the source start address and transfer byte count must be set in the source address register 
(SAR) and BCR, respectively, in the DMAC channels 1 and 3. 

Single-block transfer between memory and the MSCI is shown in figure 6-10. As shown in the 
figure, in MSCI-to-memory transfer mode, as many bytes of data as specified by BCR are DMA­
transferred in byte units from the MSCI receiver to the memory address specified by DAR of 
channels 0 and 2. Similarly, in memory-to-MSCI transfer mode, as many bytes of data as 
specified by BCR are DMA-transferred in byte units from the memory address specified by SAR 
of channels 1 and 3 to the MSCI transmitter. 

During transfer, the BCR value is decremented by 1 each time the DMAC has transferred one byte 
of data, and is decremented by 2 each time the DMAC has transferred one word of data. When 
the BCR value reaches OOOOH, the DMAC terminates data transfer and enters initial state. At this 
time, the DMAC generates an interrupt (if enabled). Note that when the BCR value reaches 
OOOIH, the DMAC transfers one byte of data instead of one word of data, decrementing the BCR 
value to OOOOH. 
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Figure 6-10 Memory-to/from-MSCI Single-Block Transfer Mode 

Register Setting: To start a memory-to/from-MSC! single-block transfer, follow the steps below 
starting with the DMA in its initial state. (Steps I to 3 may be completed in any order.) 

I. For memory-to-MSC! transfers, load the memory start address of the source into SAR. For 
MSCI-to-memory transfers, load the memory start address of the destination into DAR. 

2. Load the transfer byte count into BCR. 

3. Clear the TMOD and CNTE bits of the DMA mode register (DMR) to specify single-block 
transfer mode. 

4. After steps 1 to 3, set the DE bit of the DMA status register (DSR) to 1 to start DMA operation. 

External Bus Timing: The external bus timing in memory-to-MSC! single-block transfer mode 
is shown in figure 6-11 and that in MSCI-to-memory single-block transfer mode is shown in 
figure 6-12. In the figures, wait states (Tw) are inserted between T2 and T3. In memory-to/from­
MSCI single-block transfer mode, one byte of data transfer (CPU mode 1) or one word of data 
transfer (CPU modes 0, 2, and 3) is completed within one memory read or write cycle. 
Accordingly, high-speed DMA transfer is possible. 
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Figure 6-11 External Bus Timing in Memory-to-MSC! Single-Block Transfer Mode 
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Figure 6-12 External Bus Timing in MSCI-to-Memory Single-Block Transfer Mode 
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Keep the following in mind about the timing in this transfer mode. 

• Transfer requests are issued using the MSCI signal. 

• Wait states can be inserted between T2 and T3 states in each bus cycle (memory read cycle and 
memory write cycle), using the WAIT line or the wait controller registers. 

• One Ti clock cycle is inserted before the first byte or word is transferred. 

6.4.3 Memory-to-MSCI Chained-Block Transfer Mode 

Operation: In memory-to-MSCI chained-block transfer mode, frame-bounded data is DMA­

transferred in byte or word units from a system memory buffer to the MSCI in bit synchronous 

mode. Transfer requests are initiated by the MSCI internal signal. Note that chained-block 
transfer mode is not available with the MSCI operated in asynchronous or byte synchronous 
mode. 

Memory-to-MSC! transfer employs DMAC channels 1 and 3. For this transfer mode, follow the 
steps below starting with the DMA in its initial state. (Steps 1 to 5 may be completed in any 
order.) 

1. Specify chained-block transfer mode with the DMA mode register (DMR). 

2. Load the high-order eight bits of the 24-bit descriptor address into the chain pointer base 
(CPB). Since the CPB value is fixed during operation, descriptors can be assigned to any 

consecutive 64-kbyte area in system memory. 

3. Load the low-order 16 bits of the start address of the descriptor, which indicates the buffer next 

to the last transmit buffer, into the error descriptor address register (EDA). 

4. Load the low-order 16 bits of the start address of the descriptor, which indicates the first 

transmit buffer, into the current descriptor address register (CDA). 

5. Initialize the chain pointer (CP), buffer pointer (BP), data length (DL), and status (ST) in each 

descriptor. 

6. After steps 1 to 5, set the DE bit of the DMA status register (DSR) to 1. DMA operation starts 

when the DMAC obtains the bus control. 
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Memory-to-MSC! chained-block transfer mode is shown in figure 6-13. 

HD64570 System memory 

High-order 8 bits of the Descriptor 

CPB (8 bits) 
descriptor address 

Start address of the 
read underflow descriptor 
(low-order 16 bits) 
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Start address of the 
descriptor being read 
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(low-order 16 bits) 

Memory address of 
the data being read 

BAR (24 bits) 
Byte count of the 
data remaining in 
the buffer being 

BCR (16 bits) 
transferred to the MSCI 

Buffer 

I 

}j 

}1 
I 
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L----------------------------------------~ 

CPB: Chain pointer base 
EDA: Error descriptor address register 
CDA: Current descriptor address register 
BAR: Buffer address register 
BCR: Byte count register 

C:::J : Empty buffer 

1§11 : Data already transferred to MSCI 

1::f:::::::fl : Data to be transferred to MSCI 

Figure 6-13 Memory-to-MSCI Chained-Block Transfer Mode 

The operation flow in memory-to-MSC! chained-block transfer mode is shown in figure 6-13. As 
shown in the figure, a DMA transfer starts with loading the contents of the descriptor specified by 
CPB and CDA into the SCA internal registers. The DMAC then transfers data to the MSCI 
transmitter from the buffer corresponding to the descriptor specified by CPB and CDA. At this 
time, the DMAC writes the 24-bit memory address of the buffer currently being read to the buffer 
address register (BAR) and the number of bytes remaining unread in the buffer to the byte count 
register (BCR). When data transfer starts, the DMAC writes the BP value of the corresponding 
descriptor to BAR and the data length (DL) value of the corresponding descriptor to BCR. 

The BAR value is incremented by 1 or 2 each time one byte or one word of data is transferred, 
respectively. Similarly, the BCR value is decremented by 1 or 2 each time one byte or one word 
of data is transferred, respectively. When the BCR value reaches OOOOH, the DMAC terminates 
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data transfer and updates the CDA value to indicate the start address of the next descriptor (buffer 
switching), after which data is read from the buffer specified by the descriptor. In this way, the 
DMAC transfers data from the buffers specified by the descriptor by updating the descriptors. 

In chained-block transfer mode, since the DMAC transfers data in frame units, different frame 
data cannot be saved in the same buffer. If a buffer contains the end of a frame, the EOM bit of 
the status field (Sn of the descriptor specifying the buffer must be set to I. In single-frame 
transfer mode, the DMAC terminates DMA transfer after transferring the end of the frame in the 
buffer and updating the CDA value. The descriptor, with the EOT bit of ST set to I, notifies the 
DMAC of the completion of data transfer after data is transferred from the specified buffer. This 
notification indicates the completion of multi-frame transfer. 

At completion of frame or DMA transfer, the DMAC issues interrupt DMIB (if enabled). 

EDA must initially contain the low-order 16 bits of the address of the descriptor indicating the 
first buffer which contains no transmit data. In this case, if data has been written to the buffer 
specified by the descriptor, the MPU can update the EDA value to indicate the start address of the 
descriptor indicating the next empty buffer. (EDA can be written even while 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 
data transfer and issues interrupt DMIA (if enabled). 
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Figure 6-14 Operation Flow in Memory-to-MSCI Chained-Block Transfer Mode 
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The functions of the registers used in memory-to-MSCI chained-block transfer mode are listed in 
table 6-4. As can be seen from the table, in memory-to-MSCI chained-block transfer mode, either 
a single-frame transfer or multi-frame transfer can be selected. In single-frame transfer mode, 
transfer is completed within one frame, after which the DMAC enters initial state. Here, the DE 
bit of DSR is automatically cleared. When the DE bit is set to 1 again, the DMAC restarts 
operation. 

Table 6-4 Control Registers Used in Memory-to-MSCI Chained-Block Transfer Mode 
(transmission) 

Register 
Name 

Chain Pointer Base 
(CPB) 

Error Descriptor 
Address Register (EDA) 

Number of 8 
bits 

16 

Function Specifies the high-order Specifies the low-order 

Role in 
DMAC 
operation 

8 bits of the 24-bit descriptor 16-bits of the start address 
start address. of the descriptor corre­

sponding to the buffer 
following the last transmit 
buffer. 

Current Descriptor 
Address Register (CDA) 

16 

Specifies the low-order 
of the descriptor 
corresponding to the first 
transmit buffer. 
This address is updated 
by the DMAC during 
buffer chaining. 

After the DMAC starts, 
it loads the low-order 
16 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 interrupt is generated, if 

Register 
update 

Register 
updated 
by the 
MPU 

Under MPU control. 

Initialized before 
transmission. 

enabled. 

Under MPU control. 

Loaded with the start 
address of the descriptor 
indicating the buffer following 
the last buffer containing 
transmit data. To add 
transmit data during a 
transmission, load the start 
address of the descriptor 
indicating the next buffer to 
be written. 
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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. 



Table 6-4 Control Registers Used in Memory-to-MSCI Chained-Block Transfer Mode 
(transmission) (cont) 

Register 
Name 

Receive Buffer Length 
(BFL) 

Number of 16 
bits 

Function 

Role in 
DMAC 
operation 

Register 
update 

Register 
updated 
by the 
MPU 

Byte Count Register 
(BCR) 

16 

Specifies the byte count of 
the data to be transferred to 
the MSCI. 
Writing to this register by 
the MPU is inhibited. 

When the contents of this 
register equal OOOOH, 
reading from the current 
buffer is completed. 

The contents of this 
register are decremented 
each time one byte or one 
word is read. When the 
buffer is switched, the byte 
length specified by the 
descriptor is loaded. 

Buffer Address Register 
(BAR} 

24 

Specifies the system 
memory address of the 
data being transferred to 
the MSCI. 
Writing to this register by 
the MPU is inhibited. 

When a transfer request 
is issued, data is read 
from the address specified 
by this register. 

The contents of this 
register are incremented 
each time one byte or one 
word is read. When the 
buffer is switched, the 
next buffer start address is 
loaded. 

Table 6-5 shows a memory-to-MSC! chained-block single-frame transfer using four descriptors 
and four buffers. In this example, data is not added to the buffers during transmission. As 
described in the table, DMA operation of frame 1 ends after steps l to 5, when the DMAC enters 
DMA initial state. The transfer control register value is retained and thus DMA transfer of frame 

2 subsequently starts when the DE bit is set to l. When frame 2 is completed, the CDA and EDA 
contents are equal. Accordingly, the DMAC transfers no data, even if an additional request is 
issued from the MSCI, and generates an interrupt DMIA (if enabled). 
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Table 6-5 Memory-to-MSC! Chained-Block Single-Frame Transfer Mode (no transmit data 
added during transmission) 

DMAC MPU CDA EDA DE Bit 
Step Operation Operation Value Value Value Note 

Ao~ CDA Ao A3 Specifies the first buffer 
A3 ~EDA containing data to be transmitted 
1 ~DE bit using CDA, and specifies the 

next to last buffer using EDA. 
(see figure 6-15.) 

2 Reads data Ao A3 
from buffer O 

3 A1 ~ CDA A1 A3 

4 Reads data A1 A3 
from buffer 1 

5 A2 ~CDA A2 A3 0 Clears the DE bit after the 
0 ~DE bit transfer of one frame. When a 

6 1 ~DE bit A2 A3 
1 is written to the DE bit, the 
DMAC can accept a transfer 
request. 

7 Reads data A2 A3 
from buffer 2 

8 A3~CDA A3 A3 0 When a 1 is written to the DE 
O ~DE bit bit, and a transfer request is 

issued, the DMAC generates a 
DMIA interrupt. (see figure 6-15.) 

An: Start address of each descriptor 
CDA: Current descriptor address register 
EDA: Error descriptor address register 
DE bit: Bit 1 of the OMA status register (DSR) 
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• Status after step 1 
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• Status after step 8 
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Figure 6-15 Mernory-to-MSCI Chained-Block Single-Frame Transfer 
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Table 6-6 shows a memory-to-MSC! chained-block multi-frame transfer using four descriptors 
and four buffers. In this example, data is added to the buffer during transmission. As described in 
the table, after steps 1and2, the MPU writes additional transmit data to buffers 2 and 3 and at the 
same time updates EDA to the start address of the descriptor indicating buffer 0. In this way, the 
DMAC transfers the data in buffers 2 and 3 after the data in buffer 1. Since the DMAC remains 
enabled after one frame has been transferred in multi-frame transfer mode, some frame end 
interrupts (DMIB) remain unprocessed. The number of unprocessed interrupts is stored in the 
frame end interrupt counter (FCT). When the FCT value is 1111 and frame transfer continues, a 
counter overflow error occurs and the DMAC terminates data transfer after transmitting the 
current frame. The FCT value is then reset to 0000, and a DMIA interrupt is generated (if 
enabled). For details, see sections 6.2.8, DMA Mode Register (DMR), and 6.2.9, Frame End 
Interrupt Counter (FCT). 

Table 6-6 Memory-to-MSC! Chained-Block Multi-Frame Transfer Mode (transmit data 
added during transmission) 

DMAC MPU CDA EDA DE Bit 
Step Operation Operation Value Value Value Note 

1 A0 ~ CDA Ao A2 Specifies the buffer containing 
A2 ~EDA data to be transmitted using CDA 
1 ~DE bit (see figure 6-16) 

2 Reads data Ao A2 
from buffer O 

3 A1 ~ CDA A1 A2 

4 Loads transmit A1 A3 Adds transmit data to the buffer, 
data into and rewrites EDA. 
buffer 2 

A3 ~EDA 

5 Loads transmit A1 Ao 
data into 
buffer 3 
A0 ~ EDA 

6 Reads data A1 Ao 
from buffer 1 

7 A2~ CDA A2 Ao (see figure 6-16) 

An: Start address of each descriptor 
CDA: Current descriptor address register 
EDA: Error descriptor address register 
DE bit: Bit 1 of the OMA status register (DSR) 
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Figure 6-16 Memory-to MSCI Chained-Block Multi-Frame Transfer 
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Register and Descriptor Setting: To start a memory-to-MSC! chained-block transfer, follow the 
steps below starting with the DMA in its initial state. (Steps 1 to 6 may be completed in any 
order.) 

1. Create any desired number of descriptors anywhere in the system memory area (64 kbytes or 
less), using the MPU. Note that since the high-order eight bits of the 24-bit address are 
specified by CPB, the high-order eight bits are common to the same 64-kbyte area. Specify a 
16-bit chain pointer (CP), 24-bit buffer pointer (BP), 16-bit data length (DL), and the EOM 
and EOT bits of ST in each descriptor. (Descriptors may be specified in DMA halt state.) 

2. Set the TMOD bit of DMR to 1. 

3. Clear the NF bit to 0 of DMR for single-frame transfer, and set the NF bit to 1 for multi-frame 
transfer. 

4. Load the high-order eight bits of the 24-bit descriptor address into CPB. 

5. Load the low-order 16 bits of the start address of the descriptor corresponding to the buffer 
next to the last transmit buffer into EDA. 

6. Load the start address of the descriptor corresponding to the first transmit buffer into CDA. 

7. After steps 1 to 6, set the DE bit of DSR to 1 to start DMA operation. 

External Bus Timing: In memory-to-MSC! chained-block transfer mode, one byte or one word 
of data is transferred within one memory read cycle. The memory read cycle timing is the same 
as that in memory-to-MSC! single-block transfer mode shown in figure 6-11. 

Prior to the start of DMA transfer and at buffer switching, this transfer mode requires several set­
up cycles for the DMAC to perform a read operation on a descriptor and other operations, as 
shown in figure 6-17. In the figure, 20 states (CPU modes 0, 2, and 3) or 32 states (CPU mode 1) 
are inserted before the read operation of the transmit data. At buffer switching, one internal state 
(in the middle of a frame) or five states (at the end of a frame) are inserted. (These states are 
indicated by "*2" ) This is followed by a read operation of the next descriptor. 
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6.4.4 MSCI-to-Memory Chained-Block Transfer Mode 

Operation: In MSCI-to-memory chained-block transfer mode, frame-bounded data is DMA­
transferred from the MSCI receiver (in bit synchronous mode) to a system memory buffer. 
Transfer requests are initiated by the MSCI internal signal. Note that chained-block transfer mode 
is not available with the MSCI operated in asynchronous or byte synchronous mode. 

MSCI-to-memory transfer employs DMAC channels 0 and 2. For this transfer mode, follow the 
steps below starting with the DMA in its initial state. (Steps 1 to 6 may be completed in any 
order.) 

1. Specify chained-block transfer mode with the DMA mode register (DMR). 

2. Load the high-order eight bits of the 24-bit descriptor address into the chain pointer base 
(CPB). Since the CPB value is fixed during operation, descriptors can be assigned to any 
consecutive 64-kbyte area in system memory. 

3. Load the low-order 16 bits of the start address of the descriptor, which indicates the buffer next 
to the last receive buffer, into the error descriptor address register (EDA). 

4. Load the low-order 16 bits of the start address of the descriptor, which indicates the first 
receive buffer, into the current descriptor address register (CDA). 

5. Load the buffer length in byte units into the receive buffer length (BFL). (This value is shared 
by all buffers.) 

6. Initialize the chain pointer (CP) and buffer pointer (BP) in each descriptor. 

7. After steps 1 to 6, set the DE bit of the DMA status register (DSR) to 1 to start a DMA 
operation. 

MSCI-to-memory chained-block transfer mode is shown in figure 6-18. 
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Figure 6-18 MSCI-to-Memory Chained-Block Transfer 

The operation flow in MSCI-to-memory chained-block transfer mode is shown in figure 6-19. As 
shown in the figure, the DMAC transfers data from the MSCI receiver to the buffer 
corresponding to the descriptor specified by CPB and CDA. At this time, the DMAC writes the 
24-bit memory address of the buffer currently being written to the buffer address register (BAR) 
and the number of bytes remaining unwritten in the buffer to the byte count register (BCR). When 
data transfer starts, the DMAC writes the BP value of the corresponding descriptor to BAR and 
the BFL value to BCR. 

The BAR value is incremented by 1 or 2 each time one byte or one word of data is transferred, 
respectively. Similarly, the BCR value is decremented by 1 or 2 each time one byte or one word 
of data is transferred, respectively. When the BCR value reaches OOOOH, the DMAC terminates 
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data transfer, writes the receive data length to the descriptor, and updates the CDA value to 
indicate the start address of the next descriptor (buffer switching). The DMAC, at that time, 
updates BAR and BCR by writing the BP value of the descriptor to BAR, and the BFL value of 
the descriptor to BCR. In this way, the DMAC transfers data to the buffers specified by the 
descriptors by updating the descriptors. 

On detecting the end of a frame in the buffer currently being written, the DMAC immediately 
switches the buffer, and writes the MSCI frame status register (Fsn value, which is stored 
immediately after the data transfer, into the status (ST) field of the corresponding descriptor. (At 
this time, the DMAC also writes data length (DL) to the descriptor.) In single-frame transfer 
mode, the DMAC terminates data transfer after updating the CDA value. In multi-frame transfer 
mode, the DMAC switches the buffer and updates the CDA, BAR, and BCR values, after which 
the DMAC starts writing data to the next buffer. 

At completion of frame transfer, the DMAC issues interrupt DMIB (if enabled). 

EDA must initially contain the low-order 16 bits of the address of the descriptor indicating the 
first buffer that is disabled for receive data writing. In this case, buffers can be accessed if the 
EDA value is updated, even while DMA is enabled. At this time, EDA must be loaded with the 
start address of the descriptor indicating the buffer next to the last write buffer. 

When the CDA and EDA values are equal and a transfer request is issued, the DMAC terminates 
data transfer and issues interrupt DMIA (if enabled). 
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Figure 6-19 Operation Flow in MSCI-to-Memory Chained-Block Transfer Mode 
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The functions of the registers used in MSCI-to-memory chained-block transfer mode are shown in 
table 6-7. As can be seen from the table, in MSCI-to-memory chained-block transfer mode, either 
single-frame transfer or multi-frame transfer can be selected. In single-frame transfer mode, 
transfer is completed within one frame, after which the DMAC enters initial state. Here, the DE 
bit of DSR is automatically cleared. When the DE bit is set to 1 again, the DMAC restarts 
operation. In multi-frame transfer mode, the DMAC subsequently transfers frames of data if a 
request is issued from the MSCL When the CDA and EDA values match, the DMAC terminates 
data transfer, even if an additional transfer request has been issued. 

Table 6-7 Control Registers Used in MSCI-to-Memory Chained-Block Transfer Mode 
(reception) 

Item 

Number 
of bits 

Function 

Role in 
DMAC 
operation 

Chain Pointer Base 
(CPB) 

8 

Specifies the high-order 
8 bits of the 24-bit descriptor 
start address. 

Register Under MPU control. 
update 

Register Initialized before reception. 
updated by 
the MPU 

Error Descriptor Address 
Register (EDA) 

16 

Indicates the low-order 
16 bits of the start address 
of the descriptor following 
the descriptor indicating the 
last write-enabled buffer. 

Current Descriptor 
Address Register (CDA) 

16 

Specifies the low-order 
16 bits of the start 
address of the descriptor 
corresponding to the first 
receive buffer. This 
address is updated by 
the DMAC during buffer 
chaining. 

When the DMAC begins 
receive operation, 
indicates the low-order 
16 bits of the start 
address of the descriptor 
corresponding to the 
buffer being written. 

Transfer ends when a transfer request is issued while 
the EDA and GOA match. An interrupt, if enabled, is 
generated. 

Under MPU control. When the current buffer 
write is completed, the 
next descriptor start 
address is automatically 
loaded into this register. 

Loaded with the start When reception begins, 
address of the descriptor indicates the start address 
indicating the buffer following of the descriptor which 
the last write buffer. When indicates the buffer to be 
releasing the buffer, this written. 
register indicates the start 
address of the descriptor for 
the buffer following the one 
being released. 
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Table 6-7 Control Registers Used in MSCI-to-Memory Chained-Block Transfer Mode 
(reception) (cont) 

Register Receive Buffer Length Byte Count Register Buffer Address 
Name (BFL) (BCR) Register (BAR) 

Number 16 16 24 
of bits 

Function Indicates the buffer length Indicates the byte count of Indicates the system 
in bytes. the data remaining in the memory address of the 

buffer waiting to be written data being loaded into 
to memory. Writing to this the buffer. Writing to 
register by the MPU is this register by the MPU 
prohibited. is prohibited. 

Role in When the contents of this When a transfer request 
DMAC register equal OOOOH, writing is issued, data is loaded 
operation to the current buffer stops. into the address specified 

by this register. 

Register Under MPU control. The contents are The contents are 
update decremented each time incremented each time 

one byte or one word is one byte or one word is 
written. When the buffer written. When the buffer 
is switched, the BFL value is switched, the next 
is loaded. buffer start address 

is loaded. 

Register Initialized. 
updated by 
the MPU 

Table 6-8 shows a typical MSCI-to-memory chained-block multi-frame transfer using four 
descriptors and four 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 values 
match after frame 2 has been transferred (step 9). At this time, any additional transfer request is 
disabled and interrupt DMIA is generated (if enabled). 
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Table 6-8 MSCI-to-Memory Chained-Block Multi-Frame Transfer Mode 
(normal reception operation) 

DMAC MPU CDA EDA DE Bit 
Step Operation Operation Value Value Value Note 

1 A2~ CDA A2 A1 Specifies the buffer where 
A1 ~EDA receive data is to be written using 
1 ~DE bit CDA and EDA (figure 6-20) 

2 Writes data A2 A1 
to buffer 2 

3 A3~ CDA A2~ EDA A3 A2 Writes A2 to EDA to reserve the 
maximum buffer size 

4 Writes data A3 A2 
to buffer 3 

5 Ao~CDA Ao A2 

8 Writes data A1 A2 
to buffer 1 

9 A2~CDA A2 A2 If another write request is issued 
in this state, the DMAC generates 
a DMIA interrupt (figure 6-20) 

An: Start address of each descriptor 
CDA: Current descriptor address register 
EDA: Error descriptor address register 
DE bit: Bit 1 of the DMA status register (DSR) 
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• Status after step 1 

CDA 

EDA f-

• Status after step 9 

CDA h 

EDA t---' 

IV 

A1 ~ 

A2 ~ 

A3 ~ 

L__J 

IV 

A1 ~ 

D 
A2 ~ 

A3 ~ 

L=:J 

Frame 2 

! Frame 1 
' ' ' 

: H:::::::::::::;::I : Receive data 

Figure 6-20 MSCI-to-Memory Chained-Block Multi-Frame Transfer 
(normal reception operation) 
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Table 6-9 shows another example of MSCI-to-memory multi-frame transfer using four descriptors 
and four buffers. In this example, to rewrite a buffer, the received data stored in the buffer is 
moved to another area during reception operations, and EDA is updated. Steps 1 to 7 are the same 
as those in table 6-8. Since the DMAC remains enabled after one frame has been transferred in 
multi-frame transfer mode, some frame end interrupts (DMIB) might remain unprocessed. The 
number of unprocessed interrupts is stored in the frame end interrupt counter (FCT). When the 
FCT value is 1111 and frame transfer continues, a counter overflow error occurs, and the DMAC 
terminates data transfer after transmitting the current frame. The FCT value is then reset to 0000, 
and DMIA interrupt is generated (if enabled). For details, see sections 6.2.8, DMA Mode Register 
(DMR), and 6.2.9, Frame End Interrupt Counter (FCT). 

Table 6-9 MSCI-to-Memory Chained-Block Multi-Frame Transfer Mode (part of a buffer 
released during reception operation ) 

DMAC MPU CDA EDA DE Bit 
Step Operation Operation Value Value Value Note 

1 A1 ~CDA A1 Ao Specifies the buffer where the 
Ao~ EDA receive data is to be written 
1 ~DE bit using the CDA (figure 6-21) 

2 Writes data A1 Ao 
to buffer 1 

3 A2~ CDA A1 ~EDA A2 A1 Writes A1 to EDA to reserve the 
maximum buffer size 

4 Writes data A2 A1 
to buffer 2 

5 A3~ CDA A3 A1 

6 Writes data A3 A1 
to buffer 3 

7 Ao~ CDA Ao A1 

8 Transfers data Ao A1 After transferring receive data to 
from buffers another area, the MPU rewrites 
1 and 2 to EDA to release the buffer 
another area (figure 6-21) 

9 A3~ EDA Ao A3 

10 Writes data Ao A3 
to buffer O 

An: Start address of each descriptor 
CDA: Current descriptor address register 
EDA: Error descriptor address register 
DE bit: Bit 1 of the OMA status register (DSR) 
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• Status after step 1 

-7 ~ 

.__ _ __,~~ 

• Status after step 1 O 

.__ _ __, > 11 1111,;1~::0 I 
CDA f---

B 
I 

L----~ 1~~[!:~1 
L==r 

h>:/::::I : Receive data 

Figure 6-21 MSCI-to-Memory Chained-Block Multi-Frame Transfer 
(part of a buffer released during reception operation) 
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Register and Descriptor Setting: To start an MSCI-to-memory chained-block transfer, follow 
the steps below starting with the DMA in its initial state. (Steps 1 to 7 may be completed in any 
order.) 

1. Create any desired number of descriptors anywhere in the system area (64 kbytes or less), 
using the MPU. Note that since the high-order eight bits of the 24-bit address are specified by 
CPB, the high-order eight bits are common to the same 64-kbyte area. Specify a 16-bit chain 
pointer (CP) and a 24-bit buffer pointer (BP) in each descriptor. (Descriptors may be specified 
in DMA halt state.) 

2. Set the TMOD bit of DMR to 1. 

3. Clear the NF bit of DMR to 0 for single-frame transfer, and set the NF bit to 1 for multi-frame 
transfer. 

4. Load the high-order eight bits of the 24-bit descriptor address into CPB. 

5. Load the low-order 16 bits of the start address of the descriptor corresponding to the buffer 
next to the last write-enabled buffer into EDA. 

6. Load the start address of the descriptor corresponding to the first receive buffer into CDA. 

7. Load the buffer length in byte units into BFL. (This value is shared by all buffers.) 

8. After steps 1 to 7, set the DE bit of DSR to 1 to start DMA operation. 

External Bus Timing: In MSCI-to-memory chained-block transfer mode, one byte or one word 
of data is transferred within one memory write cycle. The memory write cycle timing is the same 
as that in MSCl-to-memory single-block transfer mode shown in figure 6-11. 

Prior to the start of DMA transfer and at buffer switching, this transfer mode requires several set­
up cycles for the DMAC to perform a read operation on a descriptor and other operations, as 
shown in figure 6-22. In the figure, 18 states (CPU modes 0, 2, and 3) or 23 states (CPU mode 1) 
are inserted before the start of a DMA transfer. At buffer switching, 8 states (CPU modes 0, 2, 
and 3) or 11 states (CPU mode 1) indicated by "*3" are inserted to write receive data length (DL) 
and status (ST) fields in the descriptor. This is followed by a read operation on the next 
descriptor. 
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6.4.5 DMAC Characteristics 

Tables 6-10 and 6-11 list the DMAC characteristics in different modes. 

Table 6-10 DMAC Characteristics in CPU Modes 0, 2, and 3*1 

OMA Transfer 
Mode Transfer Direction Rate (states/word) 

Single-block Memory to MSCI 3 
transfer mode 

MSCI to memory 3 

Chained-block Memory to MSCI 3 
transfer mode (transmission) 

MSCI to memory 3 
(reception) 

Table 6-11 DMAC Characteristics in CPU Mode 1*1 

Mode 

Single-block 
transfer mode 

Chained-block 
transfer mode 

Transfer Direction 

Memory to MSCI 

MSCI to memory 

Memory to MSCI 
(transmission) 

MSCI to memory 
(reception) 

OMA Transfer 
Rate (states/byte) 

3 

3 

3 

3 

OMA Transfer DMAC Buffer 
Set-Up Time·2 Switching Time 

20·3 21125•4 

13·s 26'6 

OMA Transfer DMAC Buffer 
Set-Up Time·2 Switching Time 

32'7 33137'8 

23·9 34·10 

Notes: 1. Units are states unless otherwise specified. The values shown here are valid when no 
wait state is inserted. 

2. Before entering a data transfer cycle, the DMAC requires some set-up time to read the 
first descriptor. 

3. 20 states= 5 memory cycles+ 5 internal states 

4. 21 states= 5 memory cycles+ 6 internal states (in the middle of a frame) 
25 states= 5 memory cycles+ 10 internal states (at the end of a frame) 

5. 18 states = 3 memory cycles + 9 internal states 

6. 26 states = 5 memory cycles + 11 internal states 

7. 32 states = 8 memory cycles + 8 internal states 

8. 33 states= 8 memory cycles+ 9 internal states (in the middle of a frame) 
37 states= 8 memory cycles+ 13 internal states (at the end of a frame) 

9. 23 states = 5 memory cycles + 8 internal states 

10. 34 states = 8 memory cycles + 1 O internal states 

11. 1 memory cycle = 3 states 

12. Internal states are used for SCA internal operations. 
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6.5 Interrupts 

The DMAC can issue DMIA (error) and DMIB (normal end) interrupt requests to the MPU. 
These requests are indicated by the DMA status register (DSR) and are enabled or disabled by the 
DMA interrupt enable register (DIR). Table 6-12 lists interrupt types, interrupt sources, and 
clearing their procedures. 

Table 6-12 Interrupt Types, Interrupt Sources, and Clearing Procedures 

Type Source Status Bit Enable Bit Clearing Procedure 

Error FCT overflow (the number COF COFE Write a 1 to the status bit 
interrupt of unprocessed interrupts ~ 
(DMIAf1 16) 

Bufferunderrun~verrun BOF BOFE Write a 1 to the status bit 
(EDA value = CDA value and 
a new transfer request issued) 

Normal Frame transfer completion in EOM EOME 1. Write a 1 to the status bif3 
end chained-block transfer mode'2 2. Issue a frame end 
interrupt interrupt counter clear 
(DMIB)'1 command 

OMA transfer EOT EOTE Write a 1 to the status bit 
completion 

FCT: Frame end interrupt counter 
CDA: Current descriptor address register 
EDA: Error descriptor address register 

Notes: 1. Interrupts, once issued, continue to be requested also in OMA initial state or halt state. 

2. An interrupt issued at the end of a 1-frame transfer in chained-block multi-frame transfer 
mode does not signal the end of a transfer. 

3. When FCT is enabled and the FCT value is not 0000, the EOM bit is set to 1. For 
details, see sections 6.2.7, OMA Status Register (DSR), 6.2.9, Frame End Interrupt 
Counter (FCT), and 6.2.11, OMA Command Register (OCR). 
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6.6 Reset Operation 

When the DMAC is reset, the following steps occur. 

• The DMAC enters DMA initial state 

• Channel priority becomes 0 > 1 > 2 > 3 

• The value of the transfer control registers for specifying addresses and that of the DMA 
command register (DCR) become undefined 

• The DMA status register (DSR), DMA mode register (DMR), frame end interrupt counter 
(FCT), and DMA interrupt enable register (DIR) are initialized as follows: 

- Operating mode is single-block transfer mode 
- Interrupt status bits and enable bits are cleared 
- The FCT value is cleared and FCT is disabled 

6. 7 Precautions 

• The DMAC registers must be initialized in DMA initial state. When DMAC operation is 
suspended by software with the DE bit set to 0, the DMAC retains its previous operation status. 
Thus, to initiate a new operation, the software abort command must be issued to initialize the 
status. However, when DMAC operation is terminated with transfer completion conditions 
satisfied, the software abort command is not necessary. For details, see section 6.2.11, DMA 
Command Register (DCR). 

• The DMAC must be disabled in system stop mode. 
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Section 7 Timer 

7.1 Overview 

7.1.1 Functions 

The HD64570 incorporates a timer with four identically functioning channels 0, 1, 2, and 3. 

This timer has the following functional features: 

• 16-bit reloadable data 

• Operates on a base clock (BC)(<!> clock internally divided by eight) 
- Increment intervals in the range of BC/20-BC/27 

• Interrupt issued when a counter value matches a specified value 

7.1.2 Configuration and Operation 

Figure 1-4 shows the timer block diagram. 

In this timer, the timer up-counter (TCNT) increments based on the specified clock signal. When 
the TCNT value matches the specified value in the timer constant register (TCONR), an interrupt 
is generated, if enabled. For details on interrupt timing, see section 7.4, Interrupt. Here, the 
TCNT value is cleared to OOOOH, and incrementation restarts from OOOOH. For details on timer 
increment timing, see section 7 .3 .1, Timer Increment Timing. 
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7 .2 Registers 

7.2.1 Timer Up-Counter (TCNT: TCNTH, TCNTL) 

The timer up-counter (TCNT), provided for each of channels 0, 1, 2, and 3, increments based on 
the clock signal specified by the ECKS2-ECKSO bits of the timer expand prescale register 
(TEPR). For information regarding clock selection, see section 7.2.4, Timer Expand Prcscale 
Register (TEPR). 

The MPU can read/write TCNT without affecting TCNT operation. When the TCNT value was 
changed during incrementing, time t between the start of the TCNT write cycle and the start of 
TCNT incrementing is c ~ t ~ n x 8 + c - 1, where c is 4, 5, 6, or 5 in CPU mode 0, 1, 2, or 3, 
re spec ti vel y. 

The TCNT value is initialized to OOOOH when its value matches the value in the timer constant 
register (TCONR). 

TC NTH 

Read/Write 
Initial value 
Timer 

TC NTL 

Read/Write 
Initial value 
Timer 

7 6 5 4 3 2 

RNJ RNJ R/W R/W R/W RNJ 
0 0 0 0 0 0 
215 214 213 212 211 210 

7 6 

RNJ RNJ 
0 0 
27 26 

5 4 3 

R/W RNJ R/W 
0 0 0 
2s 24 23 

2 

RNJ 
0 
22 

0 

RNJ RNJ 
0 0 
29 28 

0 

RNJ RNJ 
0 0 
21 20 

Note: Initial values are the same in system stop mode and after reset. 
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7.2.2 Timer Constant Register (TCONR: TCONRH, TCONRL) 

The timer constant register (fCONR), provided for each of channels 0, 1, 2, and 3, specifies timer 
output timing. The TCONR value is constantly compared with the timer up-counter (TCNT) 
value. When they match, the CMF bit of timer control status register (TCSR) is set to 1, and an 
interrupt is generated, if enabled. Here, TCNT is cleared and resumes incrementing from OOOOH. 
(For details on timing, see section 7.3.2, Output Timing.) In this way, periodic interrupts can be 
generated without software overhead. TCONR is initialized to FFFFH at reset or in system stop 
mode. 

TCONRH 7 

Read/Write W 
Initial value 1 
Timer con'stant 215 

TCONRL 7 

Read/Write W 
Initial value 1 
Timer constant 27 

6 

w 

214 

6 

w 
1 
26 

5 

w 

213 

5 

w 
1 
25 

4 

w 
1 
212 

4 

w 
1 
24 

3 

w 

211 

3 

w 
1 
23 

2 

w 
1 
210 

2 

w 
1 
22 

Note: TCONR is a write-only register. It always reads OOOOH. 
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7.2.3 Timer Control/Status Register (TCSR) 

The timer control/status register (TCSR), provided for each of channels 0, 1, 2, and 3, requests 
interrupts and controls the timer up-counter (TCNT) operation. 

7 6 5 4 3 2 

Bit name I CMF I ECMI I TMEI 

Read/Write R R!W R/W 
Initial value 0 0 0 0 0 0 

I 
Timer enable Compare match flag 

O: TCNT and TCONR 
are not equal 

O: Stops incrementing 
1: Starts incrementing 

1: TCNT and TCONR 
are equal 

CMF interrupt enable 

O: Disable 
1: Enable 

Note: Bit 5 and bits 3-0 are reserved. 
These bits always read O and must be set to 0. 

0 

0 0 

Bit 7 (CMF: Compare Match Flag): Indicates whether or not the TCNT value matches the 
timer constant register (TCONR) value. This bit is cleared when TCNT is read after TCSR. 
Other instructions can be inserted between the TCSR and TCNT read instructions. This bit is also 
cleared at reset or in system stop mode. 

CMF = 0: Indicates that the TCNT and TCONR values do not match. 

CMF = 1: Indicates that the TCNT and TCONR values match. An interrupt request (TOIRQ, 
TIIRQ, T2IRQ, or T3IRQ) is generated when the ECMI bit (bit 6) has been set. 

Bit 6 (ECMI: CMF Interrupt Enable): Enables or disables an interrupt request initiated by the 
CMF bit. This bit is cleared at reset. 

ECMI = 0: Disables an interrupt request initiated by the CMF bit 

ECMI = 1: Enables an interrupt request initiated by the CMF bit 
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Bit 5: Reserved. This bit always reads 0 and must be set to 0. 

Bit 4 (TME: Timer Enable): Starts or stops TCNT operation. This bit is cleared at reset or in 
system stop mode. 

TME = 0: Stops TCNT, retaining the current TCNT value. 
(TCNT resumes incrementing from the retained value, when TME is again set to 1.) 

TME = 1: Starts TCNT. 

Bits 3-0: Reserved. These bits always read 0 and must be set to 0. 

7.2.4 Timer Expand Prescale Register (TEPR) 

The timer expand prescale register (TEPR), provided for each of channels 0, 1, 2, and 3, selects 
the expanded clock input for the timer up-counter (TCNT). 

7 6 5 4 3 2 1 0 

Bit name ·1 

I 
·1 I ·1 I ·1 

I 
·1 

I EcKs2j ECKS 1 I EcKsoj 

Read/Write R/W R!W R!W 
Initial value 0 0 0 0 0 

Notes: 1. Bit 7 to bit 3 are reserved. 
These bits always read 0 and must be set to 0. 

2. BC (base clock) is obtained by dividing system 
clock <P by eight. 

0 0 0 

Expand clock input select 

ooo: Bc2 

001: BC2/2 
010: Bc214 
011: BC2/8 
100: BC2!16 
101: Bc2132 
110: BC2t64 
111: BC2/128 

Bits 7-3: Reserved. These bits always read 0 and must be set to 0. 
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Bits 2-0 (ECKS2-ECKSO: Expand Clock Input Select): Selects the TCNT clock as shown 
below. These bits are cleared at reset. 

ECKS2, ECKS 1, ECKSO = 0, 0, 0: TCNT clock rate = BC 

ECKS2, ECKSl, ECKSO = 0, 0, 1: TCNT clock rate= BC/2 

ECKS2, ECKSl, ECKSO = 0, 1, 0: TCNT clock rate= BC/4 

ECKS2, ECKSl, ECKSO = 0, 1, 1: TCNT clock rate= BC/8 

ECKS2, ECKSl, ECKSO = 1, 0, 0: TCNT clock rate= BC/16 

ECKS2, ECKSl, ECKSO = 1, 0, 1: TCNT clock rate= BC/32 

ECKS2, ECKS 1, ECKSO = 1, 1, 0: TCNT clock rate = BC/64 

ECKS2, ECKSl, ECKSO = 1, 1, 1: TCNT clock rate= BC/128 

7.3 Operation Timing 

7.3.1 Timer Increment Timing 

Figure 7-1 shows the timer increment timing when the counter operating rate is BC. Incrementing 
is initiated when a 1 is written to the TME bit of the timer constant/status register (TCSR), after 
the timer up-counter (TCNT) and the timer constant register (TCONR) have been set. 

When the TCNT and TCONR values match, the CMF bit of TCSR is set to 1, and an interrupt 
(TOIRQ, TlIRQ, T2IRQ, or T3IRQ), if enabled, is generated. The CMF bit can be cleared when 
TCNT is read after TCSR. (Other instructions can be inserted between the TCSR and TCNT read 
instructions.) Here, TCNT is initialized to OOOOH, and incrementing restarts. TCNT can be 
written even during incrementing. In this case, incrementing restarts from the newly written 
value. 

When the TME bit is cleared during incrementing, TCNT stops incrementing, retaining its current 
contents. When the TME bit is again set to 1, incrementing resumes from the retained value. 

311 



~ 

~-
"'1 
~ 

-;-I ..... 
...;i 

er 
~ 
"'1 
,..; 

= t"'l 
"'1 
~ 

9 
~ 

= -...;i 
9· 
:;· 

w (JCI 
~ ,-... 

"" ::a 
=-~ 
= -=-~ 
t"'l 
0 = = ~ 
"'1 
0 

"Cl 
~ 
"'1 
~ -s· 

(Jc; 

"'1 
~ -~ c;;· 
e::l 
("'.) 
'-' 

Write TCNT (0001 H) 

Reset 8 <I> • 1 ' 8 <I> ' 8 <I> 

Timer up­
counter (TCNT) I OOOOH I 0001 H .I'° p : p PI I rip 11~ec coostaot t Wc•e TfONR (0004H) I 

1 
fjl<J I I fjl<J ~ I 

ceg.,tec I · • 
(TCON R) FFFFH 0004H , I I 

TME 
Write 1 to TME \Write 0 to TME 

CMF 
J !write 1 to TME r--

___________ R_e_a~d ~~~~ t E t l 
<)>: Internal clock 

Notes: 1. Time t between the cycle for writing a 1 to TME and generation of the first count 
pulse is n x 8/2 + 4, where n is a division ratio based on BC. (For example, 
when ECKS2-ECKSO = 000, n is 1 and t = 1 x 8/2 + 4 = 8 <I> cycles.) 

2. If the TCNT contents were changed during incrementing, time t (<!>cycles) 
between the head of the TCNT write cycle and the start of incrementing is 
Cs ts n x 8 + C - 1, where C is 4, 5, 6, or 5 in CPU mode 0, 1, 2, or 3, respectively. 

3. This cycle becomes 16 <I> when t defined in note 2 exceeds 8 <)>. 

CPU mode c 
Mode 0 4 

Mode 1 5 

Mode2 6 

Mode 3 5 
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7.3.2 Output Timing 

Figure 7-3 shows the timer output change timing. When the timer up-counter (TCNT) and the 
timer constant register (TCONR) values match and TCNT is subsequently initialized to OOOOH, 
the CMF bit of the timer control/status register (TCSR) is set to 1, one <I> clock cycle later. 

TCNT TCNT = TCONR - 11 1~ TCNT = TCONR I TCNT =COOCH 

~ 

CMF -----------1i---------,1L CMF bit set [TCNT • OOOOH) 

<1>: Internal clock 

Figure 7-3 Timer Output Timing 

7.4 Interrupt 

When the timer up-counter (TCNT) and the timer constant register (TCONR) values match, the 
CMF bit of the timer control/status register (TCSR) is set to 1. Here, an interrupt is generated, if 
enabled. (Interrupts initiated by the CMF bit are enabled or disabled by the ECMI bit of TCSR.) 

Figure 7-4 shows interrupt timing. 
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Timerup-~~~,,.-,~,,.,...,.,=--,-,---=='""'=--~="'"--.---=~=-~~,__..---------1\\--ll--
counter TCNT = TCONR TCNT = OOOOH TCNT = 0001 H 11--11--
(TCNT) 

CMF 1--11._ 
' 

TOIRQ, T1 IRQ, ' I 
----------: __,, 1 clock 

T21RQ, T31RQ ~ :-<---

cp: Internal clock 

TCNT: Timer up-counter 

Read TCSR after interrupt processing 

Read TCNT 

TCONR: Timer constant register 
TCSR: Timer control/status register 

CMF: Bit 7 of TCSR 
TOIRQ to T31RQ: Timer interrupt requests 

Figure 7-4 Interrupt Timing (when the counter operating rate is BC) 

7.5 Operation in System Stop Mode 

In system stop mode, the following events occur: 

• The CMF and TME bits of the timer constant/status register (TCSR) are cleared. 

• TCSR and the timer expand prescale register (TEPR) retain their current contents, except the 
CMF and TME bits of TCSR. 

• The timer up-counter (TCNT) stops and is initialized to OOOOH. 

• No interrupt request is generated. 

7.6 Reset Operation 

The timers are initialized at reset as follows: 

• The timer controVstatus register (TCSR) and the timer expand prescale register (TEPR) are 
initialized to OOOOH. 

• The timer up-counter (TCNT) stops and is initialized to OOOOH. 
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• The timer constant register (TCONR) is initialized to FFFFH. 

• No interrupt request is generated. 

7.7 Precautions 

When using the timer, keep the following in mind: 

• Clear the TME bit of the timer controVstatus register (TCSR) before changing the timer 
operating clock. 

• Reserved bits of the TCSR and the timer expand prescale register (TEPR) always read 0. 
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Section 8 Wait Controller 

8.1 Overview 

8.1.1 Functions 

The HD64570 incorporates a wait controller, which extends DMA bus cycles by inserting wait 
states. This allows access to low-speed memory devices. 

The wait controller has the following functional features: 

• Wait states can be inserted using either the WAIT line (hardware) or a register (software). 

• Insertion of 0 to 7 wait states is independently specified when each of three different memory 
areas is accessed. 

8.1.2 Configuration and Operation 

Figure 1-5 shows the wait controller block diagram. The wait controller consists of one wait 
control unit, one set of wait control registers (WCRL, WCRM, and WCRH), and one set of 
physical address boundary registers (PABRO andPABRl). 

Wait state insertion using the WAIT line is accomplished by driving the WAIT line high (active). 
Wait state insertion using the register is accomplished by loading WCRL, WCRM, and WCRH 
with the number of wait states to be inserted. 

Wait states are inserted between states T 2 and T 3 of a DMA bus cycle. 

The memory space can be partitioned into three memory areas by the boundary addresses loaded 
into PABRO and PABRl. The number of wait states inserted when each of these areas is accessed 
can be specified independently for each area. 
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8.2 Registers 

8.2.1 Physical Address Boundary Registers 0, 1 (PABRO, PABRl) 

The physical address boundary registers 0 and 1 (PABRO and PABRI) specify the boundaries 
which divide the memory space into three areas. 

Physical Address Boundary Register 0 (PABRO): Specifies the high-order eight bits of the 
boundary address between the physical address low area (PAL) and the physical address middle 
area (PAM). This address is the lower limit address of PAM. 

7 6 5 4 3 2 0 

Bit name I PBo? I PBos I PBos I PBo4 I PBo3 J PB02 I PB01 I PBoo J 

Read/Write R/W R/W R/W R/W R/W R/W R/W R/W 
Initial value 0 0 0 0 0 0 0 0 

PAL/PAM boundary address (high-order 8 bits) 

This register can specify only the high-order eight bits (A23-A16) of the boundary address; the 
remaining low-order 16 bits (A15-Ao) are fixed to OOOOH. Thus, each area is specified in 
64-kbyte units. 

When PABRO is set to OOH, the boundary is at the top of the memory space. 

Physical Address Boundary Register 1 (PABRl): Specifies the high-order eight bits of the 
boundary address between PAM and the physical address high area (PAH). This address is the 
lower limit address of PAH. 

7 6 5 4 3 2 1 0 

Bit name I PB17 I PB16 I PB1s J PB14 I PB13 I PB12 I PB11 I PB10 I 
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W 
Initial value 0 0 0 0 0 0 0 0 

PAM/PAH boundary address (high-order 8 bits) 
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This register can specify only the high-order eight bits (A23-A16) of the boundary address; the 
remaining low-order 16 bits (A15-A0) are fixed to OOOOH. Thus, each area is specified in 
64-kbyte units. 

When PABRl is set to OOH, the boundary is at the top of the memory space. 

Boundary Address Setting Examples: The memory space is usually divided into three areas: 
PAL, PAM, and PAH, as shown in figure 8-1. The boundary between PAL and PAM (the high­
order eight bits of the lower limit address of PAM) is specified by PABRO, and that between PAM 
and PAH (the high-order eight bits of the lower limit address of PAH) is specified by PABRI, in 
64-kbyte units. In the figure, PABRO and PABRI are set to OlH and 40H, respectively. In this 
case, each memory area is specified as follows: 

PAH: FFFFFFH (upper limit address) to 400000H (lower limit address) 

PAM: 3FFFFFH (upper limit address) to OlOOOOH (lower limit address) 

PAL: OOFFFFH (upper limit address) to OOOOOOH (lower limit address) 

Physical address boundary 
register 1 (PABR1) 
PABR1 value: 40 H 

Physical address boundary 
register O (PABRO) 

PABRO value: 01 H 

--" 

~ 

FFFFFFH 

400000H 
3FFFFFH 

010000H 
OOFFFFH 

OOOOOOH 

PAH area 

------------------------

PAM area 

------------------------

PAL area 

Physical address space 

Figure 8-1 Memory Space Partitioned by PABRO and PABRl 

When either PABRO or PABR I is set to OOH, the boundary is at the top of the memory sp:ice. 
Accordingly, when PABRI is set to OOH and PABRO is set to OlH, each area is specified as 

follows: 
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PAH:-

PAM: FFFFFFH (upper limit address) to OIOOOOH (lower limit address) 

PAL: OOFFFFH (upper limit address) to OOOOOOH (lower limit address) 

Note that the memory space consists of only PAL and PAM because the PAM upper limit address 
isFFFFFFH. 

Figures 8-2 (a) to 8-2 (d) show examples of when the physical address space is not partitioned, 
when it is partitioned into PAM and PAL, into PAH and PAL, and into three areas (PAH, PAM, 
and PAL), respectively. 

Physical address boundary 
register 1 (PABR1) 
PABR1 value: OOH 

f-------7 FFFFFFH 

Physical address boundary 
register O (PABRO) 
PABRO value: OOH 

PAL area 

OOOOOOH ....._ _____ ___. 

Physical address space 

Note: This shows the state of PABR1 and PABRO after reset. 

(a) Physical Address Space not Partitioned 

Figure 8-2 Boundary Address Setting Examples 

32Q 



Physical address boundary 
register 1 (PABR1) 
PABR1 value: OOH 

Physical address boundary 
register O (PABRO) 

PAM area 

1---------~7-'>I-- - --- - -- -- - - -- - -- ---

PAL area 

OOOOOOH .___ _____ __, 

Physical address space 

(b) Physical Address Space Partitioned into PAM and PAL 

Physical address boundary 
register1 (PABR1) 

Physical address boundary 
register O (PABRO) 

FFFFFFH 

PAH area 

1--------3>1-~- - --- --- --- --- --- - - -

PAL area 

OOOOOOH 

Physical address space 

(c) Physical Address Partitioned into PAH and PAL 

Figure 8-2 Boundary Address Setting Examples (cont) 
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FFFFFFH 

Physical address boundary PAH area 

register 1 (PABR1) --" 
~ --------------------

PAM area 

Physical address boundary ~ --------------------
register O (PABRO) 

PAL area 
OOOOOOH 

Physical address space 

(d) Physical Address Partitioned into PAH, PAM and PAL 

Figure 8-2 Boundary Address Setting Examples (cont) 

Precautions: Normal operation is not guaranteed if the boundary specified by PABRO is higher 
than that specified by PABRl. An example of this type is shown in figure 8-3. (Setting PABRO to 

OOH and PABRI to a value other than OOH may also disable normal operation.) 

FFFFFFH 

Physical address boundary 
--" register O (PABRO) x Physical address boundary -3> 

register 1 (PABR1) 

OOOOOOH 

Physical address space 

Figure 8-3 Incorrect Boundary Address Setting Example 
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8.2.2 Wait Control Registers L, M, H (WCRL, WCRM, WCRH) 

Wait control registers WCRL, WCRM, and WCRH specify the number of wait states to be 
inserted each physical address areas and PAL, PAM, PAH. 

Wait Control Register L (WCRL): Specifies the number of wait states to be inserted in a 
memory cycle when the PAL area is accessed. 

7 6 5 4 3 2 1 0 

Bit name EALw2rALw1[PALwol 

Read/Write R!W R/W R/W 
Initial value 0 0 0 0 0 1 

PAL area wait 

Note: Bit 7 to bit 3 are reserved. These bits always read O and must be set to 0. 

Bits 7-3: Reserved. These bits always read 0 and must be set to 0. 

Bits 2--0 (PALW2-PALWO: PAL Area Wait): The functions of these bits are described below. 

PALW2, PALWl, PALWO = 0, 0, 0: Number of wait states= 0 

PALW2, PALWl, PALWO = 0, 0, 1: Number of wait states= 1 

PALW2, PALWl, PALWO= 0, 1, 0: Number of wait states= 2 

PALW2, PALWl, PALWO = 0, 1, 1: Number of wait states= 3 

PALW2, PALWI, PALWO = 1, 0, 0: Number of wait states= 4 

PALW2, PALWI, PALWO = 1, 0, 1: Number of wait states= 5 

PALW2, PALWl, PALWO = 1, 1, 0: Number of wait states= 6 

PALW2, PALWl, PAL WO= 1, 1, 1: Number of wait states= 7 

Note that PALW2, PALWl, and PALWO are initialized to (1, 1, 1) at reset. 
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Wait Control Register M (WCRM): Specifies the number of wait states to be inserted in a 
memory cycle when the PAM area is accessed. 

7 6 5 4 3 2 0 

Bit name IPAMw2JPAMW1 IPAMwoj 
Read/Write R/W R/W R/W 
Initial value 0 0 0 0 0 

PAM area wait 

Note: Bit 7 to bit 3 are reserved. These bits always read O and must be set to 0. 

Bits 7-3: Reserved. These bits always read 0 and must be set to 0. 

Bits 2-0 (PAMW2-PAMWO: PAM Area Wait): The function of these bits are described below. 

PAMW2, PAMWl, PAMWO = 0, 0, 0: Number of wait states= 0 

PAMW2, PAMWl, PAMWO = 0, 0, 1: Number of wait states= 1 

PAMW2, PAMWl, PAMWO = 0, 1, 0: Number of wait states= 2 

PAMW2, PAMWl, PAMWO = 0, 1, 1: Number of wait states= 3 

PAMW2, PAMWl, PAMWO = 1, 0, 0: Number of wait states= 4 

PAMW2, PAMWl, PAMWO = 1, 0, 1: Number of wait states= 5 

PAMW2, PAMWl, PAMWO = 1, 1, 0: Number of wait states= 6 

PAMW2,PAMW1,PAMWO= 1, 1, 1: Numberofwaitstates=7 

Note that PAMW2, PAMWl, and PAMWO are initialized to (1, 1, 1) at reset. 
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Wait Control Register H (WCRH): Specifies the number of wait states to be inserted in a 
memory cycle when the PAH area is accessed. 

7 6 5 4 3 2 0 

Bit name IPAHw2JPAHW1 IPAHwoJ 
Read/Write R!W R/W R/W 
Initial value 0 0 0 0 0 

PAH area wait 

Note: Bits 7-3 are reserved. These bits always read O and must be set to 0. 

Bits 7-3: Reserved. These bits always read 0 and must be set to 0. 

Bits 2-0 (PAHW2-PAHWO: PAH Area Wait): The functions of these bits are described below. 

PAHW2, PAHWl, PAHWO = 0, 0, 0: Number of wait states= 0 

PAHW2, PAHWl, PAHWO = 0, 0, 1: Number of wait states= 1 

PAHW2, PAHWl, PAHWO = 0, 1, 0: Number of wait states = 2 

PAHW2, PAHWl, PAHWO = 0, 1, 1: Number of wait states= 3 

PAHW2, PAHWl, PAHWO = 1, 0, 0: Number of wait states= 4 

PAHW2, PAHWl, PAHWO = 1, 0, 1: Number of wait states= 5 

PAHW2, PAHWl, PAHWO = 1, 1, 0: Number of wait states= 6 

PAHW2,PAHW1,PAHW0= 1, 1, 1: Numberofwaitstates=7 

Note thatPAHW2, PAHWl, and PAHWO are initialized to (1, 1, 1) at reset. 
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8.3 Operation 

8.3.1 Wait State Insertion Using the WAIT Line 

Wait states can be inserted between states T 2 and T 3 of states T 1-T 3 of a DMA bus cycle, using 
the WAIT line. 

In wait state insertion using the WAIT line, when the WAIT line is driven high, a wait state Cf w) 
is inserted between states T2 and T3 (while the WAIT line maintains high). When the WAIT line 
is driven low, the cycle advances to state T3. 

Figure 8-4 shows the wait state insertion timing using the WAIT line. The WAIT line level is 
sampled at the falling edge of the system clock (CLK) pulse in state T 2 or T w in CPU modes 1, 2, 
and 3, and is sampled at the rising edge in CPU mode 0. Each time the high level of the WAIT 
line is sampled at the falling edge (rising edge in CPU mode 0) of the CLK pulse in T w state, 
another T w state is inserted. 

An unlimited number of wait states can be inserted. (When more wait states are requested by the 
register than by the WAIT line, the Tw states requested by the register are inserted.) 

Note that, for driving the WAIT line signal high, the set-up time and hold time for the falling edge 
(rising edge in CPU mode 0) of the CLK pulse must be accounted for by synchronizing it to the 
rising edge (falling edge in CPU mode 0) of the CLK pulse. If not, correct operation is not 
guaranteed. 

System clock (CLK) 
(CPU modes 1, 2, and 3) 

System clock (CLK) 
(CPU mode 0) 

WAIT 

Figure 8-4 Wait State Insertion Timing Using the WAIT Line 

326 



8.3.2 Wait State Insertion Using the Register 

Wait states can be inserted in a DMA bus cycle, using wait control registers WCRL, WCRM, and 
WCRH, eliminating the need for an external circuit. The optimum number of wait states can be 
inserted into a DMA bus cycle by software, according to the memory used. Figure 1-28 shows an 
example of dividing the memory space for interfacing three different types of memory. In this 
example, any desired number of wait states can be independently specified for each of the three 
types of memory. (When more wait states are requested using the WAIT line than those using the 
register, as many T w states as requested by the WAIT line are inserted.) Physical address 
boundaries for dividing the memory space into three memory areas are specified by the physical 
address boundary registers 0 and 1 (PABRO and PABR 1 ). For details, see section 8.2.1, Physical 
Address Boundary Registers 0, 1 (PABRO, PABRl). The number of wait states to be inserted in 
each memory area is specified by wait control registers WCRL, WCRM, and WCRH. For details, 
see section 8.2.2, Wait Control Registers L, M, H (WCRL, WCRM, WCRH). 

8.4 Operation in System Stop Mode 

When the wait controller stops in system stop mode, the current register contents are retained. 

8.5 Reset Operation 

At reset, the wait controller stops and its registers are initialized as follows: 

• The wait control registers (WCRL, WCRM, and WCRH) are initialized so that the maximum 
number of wait states are inserted. 

• The physical address boundary registers (PABRO and PABRl) are initialized to OOH. This 
results in the physical address space consisting of only PAL. Accordingly, the number of wait 
states specified by WCRL is inserted in a DMA cycle. 

8.6 Precautions 

If wait state insertion is simultaneously requested by the register and WAIT line, the number of 
wait states specified by the register are inserted. If the WAIT line later requests more wait states 
than the register, the additional wait states are then inserted. 
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Section 9 Application Examples 

9.1 Application Examples 

9.1.1 Serial Data Transfer by MPU and DMAC 

Transfer of Transmit Data: Three different types of data transfer are described below. 

• Polling 

The MPU determines data write timing to the transmit buffer by monitoring the TXRDY bit of 
status register 0 (STO). In this case, the TXRDY interrupt must be disabled. 

• Interrupt 

The MPU writes data to the transmit buffer when receiving a TXRDY interrupt. The TXRDY 
interrupt is issued when the TXRDYE bit of interrupt enable register 0 (IBO) is set to 1 in TX 
ready state (specified by TX ready control registers 0 and 1 (TRCO and TRCl)). In this case, 
th(1 on-chip DMAC must be disabled for transfer requests. 

• DMA transfer 

The on-chip DMAC controls data write operation to the transmit buffer using the DMA transfer 
request signal. This signal is issued when the TXRDY bit is set to 1. In this case, TRCO must 
be set to a large enough value to prevent underrun errors, and the TXRDY interrupt must be 
disabled. 

Transfer of Receive Data: Three different types of data transfer are described below. 

• Polling 

The MPU determines data read timing from the receive buffer by monitoring the RXRDY bit of 
STO. In this case, the RXRDY interrupt must be disabled. 

• Interrupt 

The MPU reads data from the receive buffer when receiving an RXRDY interrupt. The 
RXRDY interrupt is enabled when the RXRDYE bit of IEO is set to 1 in RX ready state 
(specified by RX ready control register (RRC)). In this case, the on-chip DMAC must be 
disabled for transfer requests. 

• DMA transfer 

The on-chip DMAC controls data read operations from the receive buffer using the DMA 
transfer request signal. This signal is issued when the RXRDY bit is set to 1. In this case, the 
RXRDY interrupt must be disabled. 
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9.1.2 Transmission by Programmed 1/0 (Bi-Sync Mode) 

Initialization: An example of an initialization program is given below. 

CMD ~ 21H ..................................... Resets channel. 

MDO ~ 44H ..................................... Specifies bi-sync mode. 

MD2 ~ 

CTL ~ 

TRCO ~ 

TR Cl ~ 

TXS ~ 

IEO ~ 

IEl ~ 

SAO ~ 

SAl ~ 

IDL ~ 

CMD ~ 

TRB ~ 

Disables the auto-enable function. 

Specifies CRC-16 mode, and presets to all Os. 

OOH ..................................... Specifies the NRZ code. 

Specifies full-duplex mode. 

llH ..................................... Specifies idle pattern transmission. 

Specifies RTS line high-level output. 

OOH ..................................... TXRDY bit= 1 when the transmit buffer is empty. 

OOH ..................................... TXRDY bit= 0 when the transmit buffer is not empty. 

OOH ..................................... Specifies TXC line input for the transmit clock. 

82H ..................................... Enables TXINT interrupts. 

Enables TXRDY interrupts. 

80H. .................................... Enables underrun interrupts. 

16H ..................................... Specifies a SYN character. 

16H ..................................... Specifies a SYN character. 

XXH ................................... Specifies a leading pad or SYN character. 

02H ..................................... Enables transmission. 

Transmit data ...................... Transmits a leading pad, and a SYN character, followed 
by transmit data. 

CMD: 

MDO: 
MD2: 
CTL: 

TRCO: 
TR Cl: 
TXS: 
IEO: 
IEl: 
SAO: 

SAl: 
IDL: 
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Command register 
Mode register 0 
Mode register 2 
Control register 

TX ready control register 0 
TX ready control register 1 
TX clock source register 
Interrupt enable register 0 
Interrupt enable register 1 

Synchronous/address register 0 
Synchronous/address register 1 
Idle pattern register 



Transmit Processing Routine: Two examples of transmission processing routines are given in 
figures 9-1 and 9-2. 

Start 

Load memory data 
toACC 

No 

Write ACC data to 
TRB and transmit 

Issue El instruction 

Return 

Issue EOM 
(CMD f-00000110) 

ACC: Accumulator 

Issue EOM 
(CMD f-00000110) 

Write ACC data 
(ETX) to TRB and 

transmit 

Issue TX disable 
command 

(CMD f-00000011) 

CMD: Command register 
TRB: TX/RX buffer register 
EOM: End of message command 
ETX: Control character (end of text) 
ETB: Control character (end of block) 

Figure 9-1 TXRDY Interrupt Processing Routine (using HD64180) 
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Start 

Read ST1 
(ACC f-- ST1) 

Clear interrupt 
source bit 

(ST1 f--ACC) 

Analyze interrupt source 

Process interrupt 

Issue El instruction 

Return 

[ ACC: Accumulator J 
ST1 : Status register 1 

Figure 9-2 TXINT Interrupt Processing Routine (using HD64180) 
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9.1.3 Reception by Programmed 1/0 (Bi-Sync Mode) 

Initialization: An example of an initialization program is given below. 

CMD ~ 21H ..................................... Resets channel. 

MOO ~ 44H ..................................... Specifies bi-sync mode. 

Disables the auto-enable function. 

Specifies CRC-16 mode, and presets to all Os. 
MD2 ~ OOH ..................................... Specifies the NRZ code. 

Specifies full-duplex mode. 

CTL ~ OSH ..................................... Specifies SYN character load. 

RRC ~ OOH ..................................... RXRDY = 1 when the receive buffer is not empty. 

RXS ~ OOH ..................................... Specifies RXC line input for the receive clock. 

IBO ~ 4 lH ..................................... Enables RXINT interrupts. 

Enables RXRDY interrupts. 

IBl ~ lOH ..................................... Enables SYNCD interrupts. 

IB2 ~ 08H ..................................... Enables overrun interrupts. 

SAO ~ 16H ..................................... Specifies a SYN character. 

SAl ~ 16H ..................................... Specifies a SYN character. 

CMD ~ 12H ..................................... Enables reception. 

CMD: 
MDO: 
MD2: 
CTL: 
RRC: 
RXS: 
IBO: 
IBl: 
IB2: 
SAO: 
SAi: 
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Command register 
Mode register 0 
Mode register 2 
Control register 
RX ready control register 
RX clock source register 
Interrupt enable register 0 
Interrupt enable register 1 
Interrupt enable register 2 
Synchronous/address register 0 
Synchronous/address register I 



Reception Processing Routine: Two examples of reception processing routines are given in 
figures 9-3 and 9-4. 

Start 

Load TAB 
contents to ACC 

Transfer ACC 
data to memory 

Load ACC contents 
(data) to B register 

Issue El instruction 

Return 

No 

Next data is second 
CRC code byte 

Next data is 
CRC code 

ACC: Accumulator 

Yes 

TAB: TX/RX buffer register 
CMD: Command register 
ST2: Status register 2 

Issue RX CRC 
calculation forcing 

command 
(CMD ~ 00011000) 

Wait for 15 system 
clock cycles 

Read ST2 contents 
to memory 

Issue message 
reject command 

(CMD ~ 00010101) 

EOM: End of message command 
ETX: Control character (end of text) 
ETB: Control character (end of block) 

Figure 9-3 RXRDY Interrupt Processing Routine (using HD64180) 
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Start 

Read ST1 and ST2 
(ACC f-ST1, ST2) 

Clear interrupt 
source bit 

(ST2f-ACC, 
ST1 f-ACC) 

Analyze interrupt source 

Process interrupt 

Issue El instruction 

Return 

[
ACC: Accumulator l 
ST1: Status register 1 
ST2: Status register 2 

Figure 9-4 RXINT Interrupt Processing Routine (using HD64180) 

334 



9.1.4 Transmission in DMA Chained-Block Transfer Mode (Bit Synchronous HDLC Mode) 

Initialization: An example of an initialization program is given below. 

CMD ~ 21H ..................................... Resets channel. 

MDO ~ 87H ..................................... Specifies bit synchronous HDLC mode. 

Specifies CRC-CCIIT mode, and presets to all ls. 

MD2 ~ OOH ..................................... Specifies the NRZ code. 

CTL ~ 

TRCO ~ 

TRCl ~ 

TXS ~ 

IEO ~ 

IEl ~ 

IDL ~ 

Specifies full-duplex mode. 

llH ..................................... Specifies idle pattern transmission. 

Specifies RTS line high-level output. 

lFH .................................... TXRDY bit= 1 when the transmit buffer is not full. 

lFH .................................... TXRDY bit= 0 when the transmit buffer is full. 

OOH ..................................... Specifies TXC line input for transmit clock. 

80H. .................................... Enables TXINT interrupts. 

80H ..................................... Enables underrun interrupts. 

XXH ................................... Specifies a leading pad or flag pattern (sets DMAC 
register). 

CMD ~ 02H ..................................... Enables transmission. 

CMD: Command register 
MDO: Mode register 0 
MD2: Mode register 2 
CTL: Control register 
TRCO: TX ready control register 0 
TRCl: TX ready control register 1 
TXS: TX clock source register 
IEO: Interrupt enable register 0 
IEl: Interrupt enable register 1 
IDL: Idle pattern register 
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Transmission Processing Routine: An example of a transmission processing routine is given in 
figure 9-5. 

Start <E------- Underrun error 

Read ST1 

Analyze interrupt source 

Process interrupt, reset ST1 

Issue El instruction 

Return ( ST1: Status register 1 ) 

Note: An interrupt is also generated when the DMAC 
completes the transmission of a frame. 

Figure 9-5 TXINT Interrupt Processing Routine (using HD64180) 
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9.1.5 Reception in DMA Chained-Block Transfer Mode (Bit Synchronous HDLC Mode) 

Initialization: An example of an initialization program is given below. 

CMD ~ 21H ..................................... Resets channel. 

MDO ~ 87H ..................................... Specifies bit synchronous HDLC mode. 

Specifies CRC-CCIIT mode, and presets to all ls. 

MDI ~ 40H ..................................... Specifies single address 1. 

MD2 ~ OOH ..................................... Specifies the NRZ code. 

Specifies full-duplex mode. 

CTL ~ OlH ..................................... Specifies FCS no-load. 

RRC ~ OOH ..................................... RXRDY = 1 when the receive buffer is not empty. 

RXS ~ OOH ..................................... Specifies RXC line input for the receive clock. 

IEO ~ 40H ..................................... Enables RXINT interrupts. 

IEl ~ 03H ..................................... Enables abort detection interrupts. 

Enables idle detection interrupts. 

SAO ~ XXH ................................... Specifies secondary station address. 
(Sets DMAC registers.) 

CMD ~ 02H ..................................... Enables reception. 

CMD: 
MDO: 
MD2: 
CTL: 
RRC: 
RXS: 
IEO: 
IEl: 
SAO: 
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Command register 
Mode register 0 
Mode register 2 
Control register 
RX ready control register 
RX clock source register 
Interrupt enable register 0 
Interrupt enable register 1 
Synchronous/address register 0 



Reception Processing Routine: An example of a reception processing routine is given in 
figure 9-6. 

Start ~ Abort or idle 

Read ST1 and ST2 

Analyze interrupt source 

Clear interrupt source bit 

Process interrupt, 
issue El instruction 

Return 

detection 

( ST1: Status register 1 J 
ST2: Status register 2 

Note: An interrupt is also generated when the DMAC completes reception of a frame. 

Figure 9-6 RXINT Interrupt Processing Routine (using HD64180) 
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9.2 Application Circuit 

A typical system configuration incorporating the SCA is shown in figure 9-7. 

Address bus 

Data bus 
Control bus 

MPU 
(HD64180 etc.) 

Memory 

TXDO 

HD64570 RXDO Circuit ,.,__ __ ) Channel 0 
,>-T=X~D~1~interface f----_,. 

1..!:::===(=SC=A=)==!.1«-R_X_D_1-----L __ _J<c-- ) Channel 1 

Figure 9-7 System Configuration Incorporating the SCA 
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Section 10 Electrical Characteristics 

Preliminary 

10.1 Absolute Maximum Ratings 

Table 10-1 Absolute Maximum Ratings 

Item Symbol Rating Unit 

Supply voltage Vee -0.3 to +7.0 v 
Input voltage Vin -0.3 to Vee +0.3 v 
Operating temperature Topr -20 to +75 oc 
Storage temperature Tstg -55to+150 oc 

Caution: Pennanent damage to the HD64570 may result if it is subjected to conditions that 
exceed the absolute maximum ratings. To assure nonnal operation, the following 
conditions should be satisfied: 
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10.2 DC Characteristics 

Table 10-2 DC Characteristics 

(V cc= 5 V ± 10%, V ss = 0 V, Ta= -20 to + 75°C unless otherwise specified) 

Item Symbol min typ max Unit Conditions 

Input high level voltage for V1H1 Vcc-0.6 - Vee+ 0.3 v 
RESET and CLK 

Input high level voltage for V1H2 2.0 Vee+ 0.3 v 
pins other than RESET and CLK 

Input low level voltage for V1L1 -0.3 0.6 v 
RESET and CLK 

Input low level voltage for V1L2 -0.3 0.8 v 
pins other than RESET and CLK 

Output high level voltage VoH 2.4 v I oH=-200 µA 
for all output pins 

Vcc-1.2 - I oH=-20 µA 

Output low level voltage VOL 0.45 v I OL = 2.2 mA 
for all output pins 

Input leakage current l1L 1.0 µA Vin= 0.5 to 

Vcc-0.5 

Three-state leakage current In 1.0 µA Vin= 0.5 to 

Vee- 0.5 

Current consumption(Note) Ice TBD TBD mA f = 10 MHz 
(normal operation) 

Current consumption(Note) TBD TBD mA f=10MHz 
(system stop mode) 

Pin capacitance Cp TBD pF Vin = OV, f = 1 MHz, 
Ta= 25°C 

Note: V1Hmin =Vee - 1.0 V, V1L max= 0.8 V (when no output pins are loaded) 
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10.3 AC Characteristics 

10.3.1 Slave Mode Bus Timing 

Table 10-3 CPU Mode 0 Slave Mode Bus Timing 

(V cc= 5 V ± 10%, V ss = 0 V, Ta= -20 to+ 75°C unless otherwise specified) 

Item Symbol min typ max Unit Timing 

CS set-up time tcss 30 ns Figure 10-1 

CS hold time 1 tcsH1 0 ns 

CS hold time 2 tcsH2 0 ns 

Address set-up time tADS 30 ns 

Address hold time tADH 0 ns 

RD active set-up time tRDS1 30 ns 

RD inactive set-up time tRDS2 30 ns 

RD inactive hold time tRDH1 0 ns 

RD active hold time tRDH2 0 ns 

WR active set-up time twRS1 30 ns 

WR inactive set-up time twRS2 30 ns 

WR inactive hold time twRH1 0 ns 

WR active hold time twRH2 0 ns 

WAIT active delay time twro1 50 ns 

WAIT inactive delay time twro2 50 ns 

Read data active delay time toso1 60 ns 

Read data hold time toso2 10 ns 

Read data floating delay time tosz 60 ns 

Write data set-up time toss 25 ns 

Write data hold time tosH 0 ns 

Notes: 1. The CLK timing is the same in this mode and OMA mode. See table 10-7. 
2. For the measurement conditions of AC characteristics, see figure 9-25. 
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Table 10-4 CPU Mode 1 Slave Mode Bus Timing 

(V cc= 5 V ± 10%, V ss = 0 V, Ta = -20 to + 7 5°C unless otherwise specified) 

Item Symbol min typ max Unit Timing 

Address set-up time tADS 30 ns Figure 10-2 

Address hold time tADH 0 ns 

CS set-up time tcss 30 ns 

CS hold time tcsH 0 ns 

RD active set-up time tRDS1 30 ns 

RD inactive set-up time tRDS2 30 ns 

RD inactive hold time tRDH1 0 ns 

RD active hold time tRDH2 0 ns 

WR active set-up time twRS1 30 ns 

WR inactive set-up time twRS2 30 ns 

WR inactive hold time twRH1 0 ns 

WR active hold time twRH2 0 ns 

WAIT active delay time twro1 50 ns 

WAIT inactive delay time twro2 50 ns 

Read data active delay time toBD1 60 ns 

Read data hold time toBD2 10 ns 

Read data floating delay time toBZ 60 ns 

Write data set-up time toBS 25 ns 

Write data hold time toBH 0 ns 

Note: The CLK timing is the same in this mode and OMA mode. See table 1 0-8. 
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Table 10-5 CPU Mode 2 Slave Mode Bus Timing 

(V cc= 5 V ± 10%, V ss = 0 V, Ta= -20 to+ 75°C unless otherwise specified) 

Item Symbol min typ max Unit Timing 

Address set-up time tADS 30 ns Figure 10-3 

Address hold time tADH 0 ns 

AS set-up time tAss 30 ns 

AS hold time 1 tASH1 0 ns 

AS hold time 2 tASH2 0 ns 

CS set-up time tcss 30 ns 

CS hold time 1 tcsH1 0 ns 

CS hold time 2 tcsH2 0 ns 

HOS, LOS active set-up time toss1 30 ns 

HOS, LOS inactive set-up time toss2 30 ns 

HOS, LOS inactive hold time tosH1 0 ns 

HOS, LOS active hold time tosH2 0 ns 

R/W set-up time tRWS 30 ns 

R/W hold time 1 tRWH1 0 ns 

R/W hold time 2 tRWH2 0 ns 

WAIT inactive delay time twrn1 50 ns 

WAIT active delay time twro2 50 ns 

Read data active delay time toso1 60 ns 

Read data hold time toso2 10 ns 

Read data floating delay time tosz 60 ns 

Write data set-up time toss 25 ns 

Write data hold time tosH 0 ns 

Note: The CLK timing is the same in this mode and OMA mode. See table 10-9. 
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Table 10-6 CPU Mode 3 Slave Mode Bus Timing 

(V cc= 5 V ± 10%, V ss = 0 V, Ta = -20 to + 75°C unless otherwise specified) 

Item Symbol min typ max Unit Timing 

Address set-up time tADS 30 ns Figure 10-4 

Address hold time tADH 0 ns 

AS set-up time tASS 30 ns 

AS hold time tASH 0 ns 

CS set-up time tcss 30 ns 

CS hold time tcsH 0 ns 

HOS, LOS active set-up time toss1 30 ns 

HOS, LOS inactive set-up time toss2 30 ns 

HOS, LOS inactive hold time tosH1 0 ns 

HOS, LOS active hold time tosH2 0 ns 

R/W set-up time tRws 30 ns 

R/W hold time 1 tRWH1 0 ns 

R/W hold time 2 tRWH2 0 ns 

WAIT inactive delay time tWTD1 50 ns 

WAIT active delay time tWTD2 50 ns 

Read data active delay time toBD1 60 ns 

Read data hold time toBD2 10 ns 

Read data floating delay time toBZ 60 ns 

Write data set-up time to BS 25 ns 

Write data hold time toBH 0 ns 

Note: The CLK timing is the same in this mode and OMA mode. See table 10-9. 
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10.3.2 Master Mode Bus Timing 

Table 10-7 CPU Mode 0 Master Mode Bus Timing 

(V cc= 5 V ± 10%, V ss = 0 V, Ta= -20 to + 75°C unless otherwise specified) 

Item Symbol min typ max Unit Timing 

Clock cycle time tcLCL 100 2000 ns Figure 10-5, 

Clock high-level pulse width tcHCL 39.7 ns figure 10-6 

Clock low-level pulse width tcLCH 40 ns 

Clock fall time tcL2CL 1 10 ns 

Clock rise time tcH1CH2 10 ns 

Address delay time tcLAV 55 ns 

Address set-up time tAVAL 20 ns 

AS active delay time tcHLL 50 ns 

RD active delay time tcLRL 50 ns 

Address hold time tLLAX 10 ns 

AS inactive delay time tcLLH 50 ns 

RD inactive delay time tcLRH 50 ns 

Data read set-up time tovcL 25 ns 

Data read hold time tRDX 0 ns 

WAIT set-up time tRYLCL 30 ns 

WAIT inactive set-up time tRYHCH 30 ns 

WAIT hold time tcHRYX 30 ns 

Write data floating delay time tcHDX 60 ns 

WR active delay time tcvcrv 50 ns 

Write data delay time tcwv 60 ns 

Write data set-up time tovwL 15 ns 

WR inactive delay time tcvcTx 55 ns 

WR pulse width twLWH 110 ns 

Write data hold time twHDX 10 ns 

AS high-level pulse width tASWH 70 ns 

AS low-level pulse width tASWL 80 ns 
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Table 10-8 CPU Mode 1 Master Mode Bus Timing 

(V cc = 5 V ± 10%, V ss = 0 V, Ta = -20 to + 7 5°C unless otherwise specified) 

Item Symbol min typ max Unit Timing 

Clock cycle time tcvc 100 2000 ns Figure10-7 

Clock high-level pulse width tcHW 40 ns 

Clock low-level pulse width tcLW 40 ns 

Clock fall time tc1 10 ns 

Clock rise time tcr 10 ns 

Address delay time tAD 55 ns 

Address set-up time tAs 20 ns 

AS delay time 1 tASD1 50 ns 

RD delay time 1 tRDD1 50 ns 

Address hold time tAH 10 ns 

AS delay time 2 tASD2 50 ns 

RD delay time 2 tRDD2 50 ns 

Data read set-up time toRS 25 ns 

Data read hold time to RH 0 ns 

WAIT set-up time tws 30 ns 

WAIT hold time twH 30 ns 

Write data floating delay time twoz 60 ns 

WR delay time 1 twRD1 50 ns 

Write data delay time twoo 60 ns 

Write data set-up time twos 15 ns 

WR delay time 2 twRD2 55 ns 

WR pulse width twRP 110 ns 

Write data hold time twoH 10 ns 

AS high-level pulse width tASWH 70 ns 

AS low-level pulse width tASWL 80 ns 
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Table 10-9 CPU Mode 2, 3 Master Mode Bus Timing 

(V cc= 5 V ± 10%, V ss = 0 V, Ta= -20 to+ 75°C unless otherwise specified) 

Item Symbol min typ max Unit Timing 

Clock cycle time tcvc 100 2000 ns Figure 10-8, 

Clock high-level pulse width tcH 40 ns figure 10-9 

Clock low-level pulse width tcL 40 ns 

Clock fall time tel 10 ns 

Clock rise time tcr 10 ns 

Address delay time 1 tAD1 55 ns 

Set-up time from AS tAss 20 ns 

AS delay time tASD 50 ns 

HOS, LOS delay time 1 toso1 50 ns 

Hold time from AS 1 tASH1 10 ns 

Hold time from AS 2 tASH2 10 ns 

HOS, LOS delay time 3 toso3 55 ns 

Read data set-up time tRDS 25 ns 

Read data hold time tRDH 0 ns 

WAIT set-up time twrs 30 ns 

WAIT hold time twrH 30 ns 

HOS, LOS delay time 2 toso2 50 ns 

HOS, LOS low-level tosw 110 ns 
pulse width 

Write data delay time twoo 60 ns 

Write data set-up time twos 15 ns 

Write data hold time twoH 10 ns 

Write data floating delay time twoz 60 ns 

AS high-level pulse width tASW1 70 ns 
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10.3.3 Interrupt Timing 

Table 10-10 Interrupt Timing 

(V cc= 5 V ± 10%, V ss = 0 V, Ta= -20 to+ 75°C unless otherwise specified) 

Item Symbol min typ max Unit Timing 

INT delay time t1RD 50 ns Figure 10-1 o, 

INTA active set-up time t1AS1 30 ns 
figure 10-11 

INTA inactive set-up time t1AS2 30 ns 

WAIT inactive delay time t1wo1 50 ns 

WAIT active delay time t1wo2 50 ns 

Vector data delay time t1oso1 60 ns 

Vector data hold time t1oso2 10 ns 

Vector data floating delay time t1osz 60 ns 

10.3.4 Bus Arbitration Timing 

Table 10-11 Bus Arbitration Timing 

(V cc= 5 V ± 10%, V ss = 0 V, Ta= -20 to+ 75°C unless otherwise specified) 

Item Symbol min typ max Unit Timing 

HOLD delay time tHLDD 50 ns Figure 10-12 

HOLDA set-up time tHLAS 30 ns 

BEO delay time tsrno 50 ns Figure 10-12, 

BUSY delay time tssvo 50 ns figure10-13 

BUSY set-up time tssvs 30 ns 

BUSREQ delay time ts ROD 50 ns Figure 10-13 

BUSACK set-up time tsAKS 30 ns 
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10.3.5 MSCI Timing 

Table 10-12 MSCI Timing 

(V cc= 5 V ± 10%, V ss = 0 V, Ta= -20 to+ 75°C unless otherwise specified) 

Item Symbol min typ max Unit Timing 

TXC cycle time (TXC input) tr eve 1.4 *1 *3 tcvc Figure 10-14 to 

TXC rise time (TXC input) trcr 10 ns figure 10-22 

TXC fall time (TXC input) tr ct 10 ns 

TXC high-level pulse width trcHw 0.55 tcvc 
(TXC input) 

TXC low-level pulse width trcLw 0.55 tcvc 
(TXC input) 

TXD delay time (TXC input) trno1 TBD ns 

TXD delay time (TXC output) trno2 50 ns 

RXC cycle time tRCYC 1.4 *1 _*3 
tcvc 

RXC rise time tRcr 10 ns 

RXC fall time tRCf 10 ns 

RXC high-level pulse width tRCHW 0.55 tcvc 

RXC low-level pulse width tRCLW 0.55 tcvc 

RXD-RXC set-up time tRDS1 30 ns 
(RXC input) 

RXC-RXD hold time tRDH1 20 ns 
(RXC input) 

RXD-RXC set-up time tRDS2 80 ns 
(RXC output) 

RXC-RXD hold time tRDH2 20 ns 
(RXC output) 

ADPLL operating clock tPLCY 57 ns 
cycle time 

ADPLL operating clock tplr 8 ns 
rise time 

ADPLL operating clock tpu 8 ns 
fall time 
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Table 10-12 MSCI Timing (cont) 

Item Symbol min typ max Unit Timing 

ADPLL operating clock tPLHW 10 ns Figure 10-14, 
high-level pulse width figure 10-22 

ADPLL operating clock tPLLW 10 ns 
low-level pulse width 

CLK-BRG output tBGD 95 ns 
delay time *2 

TXC/RXC output rise time tsGr TBD ns 

TXC/RXC output fall time tsGf TBD ns 

RXC-SYNC set-up time tsvsu 2.5 tcvc 

RXC-SYNC hold time tsvHo 2.5 tcvc 

CTS high-level pulse width tcTSHW 2.0 tcvc 

CTS low-level pulse width tcTLLW 2.0 tcvc 

DCD high-level pulse width tocOHW 2.0 tcvc 

DCD low-level pulse width tocDLW 2.0 tcvc 

CLK-RTS delay time tRTSD 70 ns 

Notes: 1. In asynchronous mode and loop mode trcvc and tRcvc = 2.5 tcvc (min). 
2. fsRG * fcLK (fsRG is the baud rate generator output frequency; fcLK is the system clock 

(CLK) frequency.) 
3. Maximum cycle time corresponds to 50 bits/s. 

10.3.6 Miscellaneous 

Table 10-13 Rise and Fall Times oflnput Signals with No Characteristics Specified 

(V cc= 5 V ± 10%, V ss = 0 V, Ta= -20 to+ 75°C unless otherwise specified) 

Item Symbol min typ max Unit Timing 

Input signal rise time 100 ns Figure 10-23 

Input signal fall time 100 ns 

351 



"!j 

rRi' 
c 
"I 
~ 

~ 
0 
I 
~ 

("'.) 

""' L: 
:::: 
0 
Q., 

w ~ 

Vi 0 
I\.) rJJ 

Er ..: 
~ 

:::: 
0 
Q., 
~ 

~ 
c 
"' '"'3 
§' 
:;· 

l1Ci 

1-T1-+-T2-+-T3-+-T4-+-Ti'-+-T1-+-T2 -+-T3 -+-T4-+-Ti'-1 

CLK 

cs 

2~~A~0 x I I I I I I. I 1 

RD 

WR 

WAIT 

D0 - D1s 
(Out) 

Do- D1s 
(In) 

tRDH1 tRDS1 

twro1 tWTD2 

toso1 
toso2 

tosz 

I• Read cycle SCA ~ MPU •I 

twRH1 twRS1 

toss II tosH 

tcsH2 

tADH 

twRH2 
twRS2 

twrn1 tWTD2 

Notes: 1. • - marked states are 
necessary for consecutive 
slave mode bus cycles. 

2. State numbers are 
different from 
those of the MPU. 

I· Write cycle MPU ~SCA •I 

~ ~ 
0 0 :,;.. . • .a;. 
~ 

rJJ ~ 
Er 2. ..: 
~ = 
:::: (JQ 

0 ~ 
Q., -· ~ ~ 
~ (JQ c .., 
"' ~ 

~ 9 9 "1 
:;· 

(J;i 



1-T1-i-T2-i-T3-1-T4 -i-T1 -i-T2-i-T3-1-T4-i-Ts-i 

CLK 

I 

~I Ao-A1 
~ I · tcssl I I I tcsH2l II I, tr!c:c: I II I tADH .... 
0 
I 

;1 cs 
tR1DH1 tRDS1 

('.:! 

~I RD 
Q. w n> 

Vi .... w 

!I WR 

twro1 I ltwro2 lltwro1 ltwro2 

~I WAIT 
:::::I 
c 
"' 

~1 Do-D1 
:;· (Out) 

H 
t·ll'.0i Notes: State numbers are (IQ 

tosz different from Do-D1 
those of the MPU. (In) 

I· Read cycle SCA~ MPU + Write cycle MPU ~SCA •I 



CLK 

'Tl A1-A7 ~· 

= til 
...... 
'? I w AS 

C":l 
"tl c:: cs := 
0 
Q. 
~ w 
N HOS, °' rJJ. 

LOS 

.,,... 

~ 
< 
~ 

:= R/W 0 
Q. 
~ 

= = "' I 
~ 

WAIT 

3 
=· ~. 

00 - 015 
(Out) 
00 - 015 
(In) 

~ T1-i-Tr-+-T3-i-T4-i-T5-i-T1 -i-T2-i-T3-i-T4-i-T5-i-T6-t 

I It DSH1 I t DSS1 

tRWS 

twro1 

tDBD1 I tDBD2 

tosslltosH 

tosz 

Read cycle SCA ~ MPU Write cycle MPU ~ SCA 

tADH 

tASH1 

tRWH2 

twro2 

Notes: State numbers are 
different from 
those of the MPU. 



CLK 

~ A1-A7 
(1Q 
c: ., 
t'I> 
..... 

AS 
0 
.i:.. 
n ...., 

cs c:: 
:: 
0 
Q. 
t'I> w 
(J.I 

HOS, 
Vi 

en 
LOS 

Vi 

S" 
< 
t'I> 

:: R/W 0 
Q. 
t'I> 

~ 
c: 

WAIT "' -3 
3· 
s· 

(1Q 

0 0 - 015 
(Out) 
0 0 - 015 
(In) 

1--T1 -+-T2-t-T3 -+-T4-+- T5-t-T1 -+-T2-t-T3 -+-T4-+-T5 -l 

II tAss 

II tcss tASH 

tosH1 toss1 tcsH 

tRws 

ltwro1 twro2 

I t0 ao1 tDBD2 

tosz 

twro1 

toss II toaH 

tRWH2 

Notes: State numbers are 
different from 
those of the MPU. 

I• Read cycle SCA~ MPU •I• Write cycle MPU ~SCA •I 



10.4.2 Master Mode Bus Timing 

CLK 

AS (ME) 

WAIT 

tcLAV 

tcHRYX 
tcHRYX 

tRYLCL 

tcLRL 

Figure 10-5 Master Mode Read Timing 
(CPU Mode 0) (Memory ~ SCA) 
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Figure 10-6 Master Mode Write Timing 

(CPU Mode 0) (SCA~ Memory) 
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Do- D7 -------<>----+-------------<r 
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Do- D7 --------< 
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Figure 10-7 Master Mode Bus Timing 
(CPU Mode 1) 
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R/W 

toso1 toso3 

twrs twrH 

tRos tRDH 

Note: The Tw cycle is inserted between the T2 and T 3 states. 

Figure 10-8 Master Mode Read Timing 
(CPU Mode 2, 3) (Memory ~ SCA) 
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R/W 

toso2 toso3 

tosw 

!woo twos twoH 

Note: The T w cycle is inserted between the T 2 and T 3 states. 

Figure 10-9 Master Mode Write Timing 
(CPU Mode 2, 3) (SCA ~ Memory) 
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10.4.3 Interrupt Timing 

CLK 

tmo 

t1wo1 

WAIT 

t1oso1 

t1osz 

Figure 10-10 CPU Mode 0 Interrupt Timing 
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CLK 

WAIT 

Do-D1 
(Out) 

t1wo1 

t1oso2 

t1osz 

Figure 10-11 CPU Mode 1, 2, 3 Interrupt Timing 

362 



10.4.4 Bus Arbitration Timing 

CLK 

HOLD 

HOLDA 

BUSY 
(Out) 

BUSY 
(In) 

tssvo 

tssvs 

Figure 10-12 CPU Mode 0 Bus Arbitration Timing 
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Figure 10-13 CPU Mode 1, 2, 3 Bus Arbitration Timing 
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10.4.5 MSCI Timing 

TXC 
(Input) 

TXD 

trDD1 

trcr 

trcHw 

tr eve 
trno1 

(Output) ---~ ·~----~ ·~-------

TXC 
(Output) 

TXD 
(Output) 

Figure 10-14 Transmit Timing (TXC input) 

trno2 

For details of the TXC waveform, see figure 10-19, Baud Rate Generator Output Timing. 

RXC 
(Input) 

RXD 
(Input) 

Figure 10-15 Transmit Timing (TXC output) 

tRCHW 

tRCYC 

Figure 10-16 Receive Timing (RXC input) 
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RXC 
(Output) 

RXD 
(Input) ) 

,/ 

tRDS2 tRDH2 

K 
For details of the RXC waveform, see figure 10-19, Band Rate Generator Output Timing. 

CLK 

TXC/RXC 
(Output) 

RXC 
(Input) 

Figure 10-17 Receive Timing (RXC output) 

tpu 

tPLCY 

Figure 10-18 ADPLL Operating Clock Timing 

Figure 10-19 Baud Rate Generator Output Timing (fnRG 7= fcLK) 
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(Input) 

SYNC 
(Input) 

tsvHD 

tsvsu 

Figure 10-20 SYNC Timing 

tcTSLW 

-1_., t_cTSHW-~~· ____,y 
tocDLW 

DCD 

Figure 10-21 CTS and DCD Timing 

CLK __/ ~ _ ___,/ ~ 
-~~D -

RTS _. 

Figure 10-22 RTS Timing 
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10.4.6 Miscellaneous 

Figure 10-23 Rise and Fall Times of Input Signals with No Characteristics Specified 

~ 
~ 

Input signal reference level 

~ 
~ 

Output signal reference level 

Figure 10-24 Reference Levels with No Characteristics Specified 

Vee 

Test point 

Diode 

c R 

Diodes are IS2074Hs or equivalents. 

Figure 10-25 Bus Timing Lo~d 1 
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CJ 
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Figure 10-26 Bus Timing Load 2 
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Section 11 Package Di1nensions 

Figure 11-1 shows the package dimensions of the HD64570. 
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Figure 11-1 Package Dimensions 
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Appendix A Descriptions 

Address 

CPU CPU 
Mode Mode 

Descriptor 0, 1 2,3 Remarks 

Chain Pointer L (CPL) 2n 2 n + 1 

Chain Pointer H (CPH) 2 n + 1 2n 

Buffer Pointer L (BPL) 2n+2 2n+3 

Buffer Pointer H {BPH) 2n+3 2n+2 

Buffer Pointer B (BPB) 2n+4 2n+5 

B-'f"~H-~Lillj 
23 16!1 s s 17 o 

I I I I I I I I I I I I I I I I I 

I I I I 
I I I I 

(Reserved) 2n+5 2n+4 I BPB I BPH I BPL I 

Data Length {DLL) 2n+6 2n+7 

Data Length (DLH) 2n+7 2n+8 fill~ 111fui~illj 
' ' ' 
' ' 

Status 2n+8 2n+9 

Status Configuration (transmission) Status Configuration (reception) 

Bit Function Bit Function 

7 EOM 7 EOM 

6 Not used 6 Short frame 

5 Not used 5 Abort 

4 Not used 4 Residual bit 

3 Not used 3 Overrun 

2 Not used 2 CRC 

1 Not used 1 Not used 

0 EOT 0 Not used 

{Reserved) 2n+9 2n+8 
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Appendix B Registers 

Address 

CPU CPU 
Mode Mode 

Register 0, 1 2,3 Remarks 

System 

Low Power Register (LPR) OOH 01H 7 6 5 4 3 2 1 0 

I Bit name 

I 
-

I 
-

I 
-

I 
-

I 
-

I 
-

I 
- IJOSTPI 

Read/Write - - - - - - - RIW 
Initial value 0 0 0 0 0 0 0 J r 

1/0 stop 
o: No transition to system stop mode 
1: Transition to system stop mode 

Not used 01H OOH 

Wait Control 

Physical Address 02H 03H 7 6 5 4 3 2 1 0 

Boundary Registers 0 Bit name 1~w1P~1~~1~M1P~1~~1~1p~1 
(PABRO) Read/Write RIW RIW RIW RIW RIW RIW RIW RIW 

Initial value 0 0 0 0 0 0 0 0 

I 
PAUPAM boundary address (high-order 8 bits) 

Physical Address 03H 02H 7 6 5 4 3 2 1 0 

Boundary Registers 1 Bit name I PB11 I PB1s I PB1s I PB14 I PB13 I PB12 I PB11 I PB10 I 
(PABR1) Read/Write RIW RIW RIW RIW RIW RIW RIW RIW 

Initial value 0 0 0 0 0 0 0 0 

I 
PAMIPAH boundary address (high-order 8 bits) 

Wait Control Registers L 04H 05H 7 6 5 4 3 2 1 0 

(WCRL) Bit name I - I - I - I - I ·- EALW2EALW1 EALW~ 
Read/Write - - - - - RIW RIW RIW 
Initial value 0 0 0 0 0 1 1 1 

I 
PAL area wait 

372 



Address 

CPU CPU 
Mode Mode 

Register 0, 1 2,3 Remarks 

Wait Control 

Wait Control Registers M 05H 04H 7 6 5 4 3 2 1 0 

(WCRM) Bit name I - I - I - I - I - jPAMw2jPAMw1 jPAMwoj 

Read/Write - - - - - R/W R/W R/W 

Initial value 0 0 0 0 0 1 1 1 

1 
PAM area wait 

Wait Control Registers H 06H 07H 7 6 5 4 3 2 1 0 

(WCRH) Bit name I - I -
I 

-
I 

-
I 

- IPAHw2 IPAHW1 IPAHwoj 

Read/Wri1e - - - - - R/W RtW R/W 

Initial value 0 0 0 0 0 1 1 1 

l 
PAH area wait 

Not used 07H 06H 

DMAC (General) 

DMA Priority Control OSH 09H 7 6 5 4 3 2 1 0 

Register (PCR) 
[Single-block J -] -J -J BRC] CCC J PR2 l PR11 PRO l transfer mode 

r Chained-blocj 
transfer mode 

Read/Write - - - R/W R/W RtW RtW R/W 

Initial value 0 0 0 0 0 0 0 0 
,~_J l 

Bus release condition Channel priority 
o: No OMAreques1iSsued 
1: One OMA 1ransfer pertormed 

by each channel 
Channel change condition 
O: Per bus cycle 
1 · No OMA request issued by 

the corresponding channel 
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Address 

CPU CPU 
Mode Mode 

Register 0, 1 2,3 Remarks 

DMAC (General) 

OMA Master Enable 09H OSH 7 6 5 4 3 2 1 0 
Register (OMER) l Single-block J l -l-1-l -1-1-J transfer mode DME -l Chained·blockl 

transfer mode 

Read/Write RIW - - - - - - -
Initial value 1 0 0 0 0 0 0 0 

I 
DMA master enable 
O: Disable 
1: Enable 

Not used OAH OBH 

Not used OBH OAH 

Not used OCH OOH 

Not used OOH OCH 

Not used OEH OFH 

Not used OFH OEH 

Interrupt Control 

Interrupt Status 10H 11 H 7 6 5 4 3 2 1 0 

Register 0 (ISRO) 
[ Bit name I TXINTIRXINT1 iTXRDY}XRDYlXINTO}XINTO}XRDY!XRDJ 

Read/Write R R R R R R R R 
Initial value 0 0 0 0 0 0 0 0 

~ II 
MSCI channel 1 TXINT MSCI channel 0 RXRDY 
O: Not requested O: Not requested 
1: Requested 1 : Requested r--·-·-

MSCI clnnel 0 TXRDY MSCI channel 1 RXINT 
O: Not requested O: Not requested 
1 : Requested 1 : Requested 

MSCI chan~1._TXRDY MSC! ch1annel 0 RXINT 
O: Not requested O: Not requested 
1: Requested 1 : Requested 

MSCI chan~el 1 RXRDY MSCI ch~nnel 0 TXINT 
O: Not requested O: Not requested 
1 : Requested 1 : Requested 
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Register 

Interrupt Control 

Interrupt Status 
Register 1 (ISR1) 

Interrupt Status 
Register 2 (ISR2) 

Not used 

Address 

CPU CPU 
Mode Mode 
0, 1 2, 3 

11 H 10H 

12H 13H 

13H 12H 

Remarks 

Bit name 

l 
Read/Write R R 
Initial value O 0 

~ 
DMA channel 3 interrupt B 

O: Not requested 

t : Requested 

DMA chanfre-1 3-in-te-r-ru_p_t A~ 
O: Not requested 
1: Requested 

5 

R 
0 

r-------
DMA channel 2 interrupt B 

0: Not requested 
1: Requested 

4 

R 
0 

R R 
0 0 

R R 
0 0 

,-_J ~ 
DMA channel 0 interrupt A 

O: Not requested 

1 : Requested 

~-1 
DMA channel O interrupt B 

O: Not requested 
1: Requested 

DMA chann~I 1 interrupt A 

0: Not requested 
1: Requested 

~---··---~ 

DMA chan~I 1 interrupt B 
o· Not requested 

DMA channel 2 interrupt A 

0: Not requested 
1: Requested 

Read/Write R 
Initial value 0 

~ 
Timer channel 3 

interrupt request 

0: Not requested 

R 
0 

1 Requested J 1----
T imer channel 2 
interrupt request 
O: Not requested 
1 : Requested 
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1 · Requested 

4 

-1-l-J 
R 
0 

R 
0 0 0 0 

L____I 
Timer channel O 

interrupt request 
o: Not requested 

1: Requested 

~------T-i_m_e'rlchan~ 

interrupt request 
O Not requested 
1 · Requested 

0 



Address 

CPU CPU 
Mode Mode 

Register o, 1 2, 3 Remarks 

Interrupt Control 

Interrupt Enable 14H 15H 7 6 5 4 3 2 1 0 

Register 0 (IERO) 

I 
Bit name 1T~TIE1~M1~~v1j~v1j~M~1~M~rr1 

Read/Write RIW RIW RIW RIW RIW RIW RIW RIW 
Initial value 0 0 0 0 0 0 0 0 

I ~ I 
MSC I channel 1 MSCI channel 0 
TXINT enable RXRDY enable 
0: Disabled O: Disabled 
1: Enabled 1: Enabled 

MSCI lhannel 1 MSCl~hannel 0 
RXINT enable TXRDY enable 
O: Disabled o: Disabled 
1: Enabled 1: Enabled 

MSCI rhannel 1 MSCI channel O 
TXRDY enable RXINT enable 
O: Disabled O: Disabled 
1: Enabled 1: Enabled 

MSC I !hannel 1 MSC~hannel O 
RXRDY enable TXINT enable 
O: Disabled O: Disabled 
1: Enabled 1: Enabled 

7 6 5 4 3 2 1 0 

Interrupt Enable 15H 14H r Bit name 1~1~1DMl~1 ~IB21~1~±MIB1~DM~1~~1M±MIM~ Register 1 (IER1) 

Read/Write RIW R/W RIW RIW R/W RIW RIW R/W 
Initial value 0 0 0 0 0 0 0 0 

I 
I ~ 

OMA channel 3 OMA channel O 
interr~t B enable interrupt A enable 
O: Disabled O: Disabled 
1: Enabled 1: Enabled 

OMA clannel 3 OMA channel o 
interruet A enable interrue! B enable 
O: Disabled O: Disabled 
1: Enabled 1: Enabled 

OMA c~annel 2 
l. 

OMA channel 1 
interrupt B enable interrupt A enable 
O: Disabled O: Disabled 
1: Enabled 1: Enabled 

OMA c~annel 2 DMA~hannel 1 
interrupt A enable interrupt B enable 
O: Disabled 0: Disabled 
1: Enabled 1: Enabled 
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Register 

Interrupt Control 

Interrupt Enable 
Register 2 (IER2) 

Not used 

Interrupt Control Register 

(ITCR) 

Not used 

Address 

CPU CPU 
Mode Mode 
0, 1 2,3 

16H 17H 

17h 16H 

18H 19H 

19H 18H 

Remarks 

7 6 5 4 3 2 1 0 l Bit name 

Read/Write 
Initial value 

RIW RIW RN/ RIW RIW RN/ RJW R/W 

J 0 0 0 0 0 0 0 

,~___, II 
OMA channel 3 
interrupt B enable 
O: Disabled 
1: Enab~le_d ____ __, 

OMA c~annel 3 
interrupt A enable 
O: Disabled 
1: Enabled 
,~--~ 

OMA channel 2 
interrupt B enable 
O: Disabled 
1: Enabled 

~---------___, 

OMA channel 2 
interrupt A enable 
O: Disabled 
1: Enabled 

OMA channel 0 
interrupt A enable 
0: Disabled 
1: Enabled 

OMA ~hannel O 
interrupt B enable 
0: Disabled 
1: Enabled 

l 
OMA channel 1 
interrupt A enable 
O: Disabled 
1: Enabled 

OMA ]hannel 1 
interrupt B enable 
O: Disabled 
1: Enabled 

7 6 5 4 3 2 1 0 

I Bil name I IPC I IAK1 I IAKO I VOS I - I - I - I - I 
Read/Write RIW RIW RN/ R/W 

0 Initial value 0 0 0 

r~___,J T 
Acknowledge cycle 

L 

Interrupt priority 
O: MSCI > DMAC 
1: DMAC > MSC! 
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00: Non-acknowledge cycle 
01: Single acknowledge cycle 
1 O: Double acknowledge cycle 
11 : Reserved 

0 0 0 0 

l 
Vector output 
O: Interrupt vector register 
1 : Interrupt mod~ied vector 



Address 

CPU CPU 
Mode Mode 

Register 0, 1 2,3 Remarks 

Interrupt Control 

Interrupt Vector Register 1AH 1BH 7 6 5 4 3 2 1 a 

(IVR) l Bit name l IVR711VR61 IVR5l IVR4l IVR311VR211VR1l IVROJ 

Read/Write RIW RIW RIW RIW RIW RIW RIW RIW 
Initial value a a a a a a a a 

I 
.E_ixed vector_~ress 

Not used 1BH 1AH 

Interrupt Modified Vector 1CH 1DH 7 6 5 4 3 2 1 a 
Register (IMVR) 

I Bit name llMVR711MVR6 I 
I I I I I I 

- - - - - -

Read/Write RiW R!W - - - - - -
Initial value 0 a a 0 0 0 0 - 0 

I 
Hardware-generated code 

. I 
Modified vector address 

Not used 1DH 1CH 

Not used 1EH 1FH 

Not used 1FH 1EH 
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Address 

CPU CPU 
Mode Mode 

Register 0, 1 2,3 Remarks 

MSCI (Channel 0) 

MSCI TX/RX Buffer 20H 21H 
7 6 5 4 3 2 1 0 

Async TRB7 TRB6 TRBS TRB4 TRB3 TRB2 TRB1 TRBO 
Register L Channel O: Byte sync 
TRBL Channel 0 Bit sync 

Read/Write RIW RIW RIW R/W RIW RIW RIW RIW 

Initial value x x x x x x x x 

Value written to, or read fro1. the transmiVreceive buffer 

7 6 5 4 3 2 1 0 
MSCI TX/RX Buffer 21H 20H Async TRBtS TRBt4 TRBt3 TRB12 TRBtt TRBtO TRB9 TABS 
Register H Channel O: Byte sync 

TRBH Channel 0 Bit sync 

Read/Write R/W RIW RIW R/W RIW RIW RIW RIW 

Initial value x x x x x x x x 

Value written to, or read froI, the transmiVreceive buffer 

7 6 5 4 3 2 1 0 

MSCI Status Register o 22H 23H Async TXINT RXINT - - - - TXRDY RXRDY 

Channel O: STO Channel 0 Byte sync 

Bit sync 

Read/Write R R - - - - R R 

Initial value 0 0 0 0 0 0 J 0 

I TX r~ady 
TXINT interrugt O: Transmit buffer satisfying 
O: No interrupt the conditions sat by TRC1 
1: lnterruput 1 : Transmit buffer satisfying 

the conditions set by TRCO 
RXINT interrugt 
O: No interrupt 

RX Feady 1: lnterruput 

o: Receive buffer empty 
1: Receive buffer satisfying 

the conditions set by ARC 
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Register 

MSCI (Channel 0) 

Address 

CPU CPU 
Mode Mode 
0, 1 2,3 

MSCI Status Register 1 23H 22H 
Channel O: ST1 Channel o 

Remarks 

7 6 

A sync 

,_Byt~e_sy~n_c_ ..... UDRN 

HDLC 

Loop 

Read/Write R/W 

IDL 

R 

5 4 3 2 1 0 

~ CCTS CDCD BRKD BRKE 

SYNCD - -

~ ABTDI IDLD 
GAPD 

R/W R/W R/W RIW RIW 

Initial va~lue_j_O _J _O___,J~I o 

I 
CTS ljne 

level char1Ql!. DCD line 

0 

0: Not changed 
1: Changed level change 

O: Not changed 
SYN pattern detection 1: Changed 
• Byte synchronous mode 
O: No pattern detected 
1 : Pattern detected 

Flag detection 
• Bit synchronous mode 
O: No flag detected 
t: Flag detected 

Transmitter idle status 
0 Not idle 
1 Idle 

Underrun error 
• Byte/Bit synchronous 

mode 
O: No underrun detected 
t: Underrun detected 
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Break detection 
•Asynchronous mode 
O: Break sequence 

starts not detected 
1: Break sequence 

starts detected 

Abort detection/GA pattern detection 
• Bit synchronous mode 
0: Abort sequence start/GA 

pattern start not detected 
1: Abort sequence start/GA 

pattern start detected 

Breakend ~---------' 
• Asynchronous mode 
O: Break sequence end not detected 
1: Break sequence end detected 
Idle start detection 
• Bit synchronous mode 
0: Idle sequence start not detected 
1: Idle sequence start detected 



Address 

CPU CPU 
Mode Mode 

Register 0, 1 2,3 

MSCI (Channel 0) 

MSCI Status Register 2 24H 25H 
Channel O: ST2 Channel O 

MSCI Status Register 3 25H 24H 

Channel O: ST3 Channel 0 

Remarks 

Async PMP 

Byte sync 

Bit sync EOM SHRT 

Read/Write R/W R/W 

Initial value O 

,--J 
Receive end of message 
•Bit synchronous mode 
O: Receive frame end 

not detected 
1 · Receive frame end 

detected 

ParitiJIMP bjt 
• Asynchronous mode 
O: Parity/MP bit = 0 
1: Parity/MP bit = 1 

Short frame 
• Bit synchronous mode 
0: Normal end of frame 
1: Short frame detected 

I 
Parity error 
• Asynchronous mode 

5 4 3 2 

PE FRME OVRN -
- - f-cRcE 

ABT RBIT 

R/W RiW R/W R/W 

0 0 0 ~ I 
Framning error 
•Asynchronous mode 
o· No framing error 

detected 
1: Framing error 

detected 

Resjduat bjt frame 
• Bit synchronous 

mode 
o· Normal end of 

frame 
1. Residua! bit frame 

detected 

Qyerrun error -

1 

-

-

0 

O: No overrun error detected 
1: Overrun error detected 

0 

-

-
0 

O: No parity error detected 
1 : Parity error detected 
Abort end frame 

CRCerror -

Async 

• Bit synchronous mode 
O: Normal end of frame 
1. Frame with abort end detected 

7 6 5 4 

- - - -
3 

CTS 

• Byte/Bit synchronous mode 
0: No CRC error detected 
1 · CRC error detected 

2 1 0 

DCD TXENBL RXENBL 

Byte sync SRCH 

Bit sync SLOOP 

Read/Write - - R R R R 

'"'' '' ":00,oo o~ •oo O J I "L 1 .. ~ 
•Bit synchronous mode O: CTS low level 
O: Transm'1ts no MSCI data 1: CTS high level 
1 Transmits MSCI data 

Search mode 
• Byte/Bit synchronous mode 
O: ADPLL normal mode 
1 : ADPLL search mode 

R R 

0 0 

I 
~ 
O: Disable 
1: Enable 

~ 
O: Disable 
1: Enable 

5Ci3 input line status 
0 DCD low level 
1: DCD high level 
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Address 

CPU CPU 
Mode Mode ' 

Register 0, 1 2, 3 Remarks 

MSCI (Channel 0) 

MSCI Frame Status 26H 27H 7 6 5 4 3 2 1 0 

Register Channel O: Async - - - - - - - -
Byte sync 

FST Channel O 
Bit sync EOMF SH RTF ABTF RBITF OVRNF CRCEF 

Read/Write RIW RIW RIW RIW RIW RIW - -
Initial value 0 0 0 0 0 0 0 0 

Frame status at ,lce1ve completion 

Not used 27H 26H 

7 6 5 4 3 2 1 0 

MSCI Interrupt Enable 28H 29H Async TXINTE RXINTE - - - - XRDYE RXRDYE 

Register 0 Channel O: Byte sync 

IEO Channel 0 Bit sync 

Read/Write RIW RIW - - - - RIW RIW 

Initial value 0 0 0 0 0 0 0 0 

~ ~ 
TXINT interruQt TXRDY interruQt 
enab.!ll enab!ll_ 
O: Disable O: Disable 
1: Enable 1: Enable 

RXINT interruQt RXRDY interruQt 
enable enable 
O: Disable O: Disable 
1: Enable 1: Enable 
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Address 

CPU CPU 
Mode Mode 

Register 0, 1 2,3 Remarks 

MSCI (Channel 0) 

MSCI Interrupt Enable 29H 28H 7 6 5 4 3 2 1 0 

Register 1 Channel O: 
Async - IDLE - - CCTSE CDC DE BRKDE BRKEE 

f---

IE1 Channel O 
Byte sync UORNE SYNCDE - -
HDLC ABTDEI IOLDE 

FLGDE GAPDE Loop 

ReadlWrite RIW RIW - RIW RIW RIW RIW RIW 

Initial value 0 0 0 0 0 0 0 0 

~~ 
,------J ,--J 

r CCTS interruRt 
enable 
O: Disable 
1: Enable 

lDL interru~t enable 
O: Disable 
1: Enable COCO in1erruRt enable 

O: Disable 
1. Enable 

UDRN interrugt enable BRKD interruQt enable 
• Byte/Bit synchronous mode • Asynchronous mode 
O: Disable o: Disable 
1. Enable 1 Enable 

ABTDIGAPD 1nterrUQI 

SYNCD interrugt enable. -
_gnable 

• Byte synchronous mode 
• Bit sychronous mode 
O Disable 

0: Disable 1 Enable 
1: Enable 

FLGD interrugt enable BAKE 1nterruQul enable -
• Bit synchronous mode • Asynchronous mode 

0: Disable O: Disable 
1: Enable 1. Enable 

IDLD interruQt enable 
• Bit synchronous mode 
O: Disable 
1: Enable 
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Register 

MSCI (Channel 0) 

MSCI Interrupt Enable 
Register 2 Channel O: 
IE2 Channel O 

Address 

CPU CPU 
Mode Mode 
0, 1 2,3 

2AH 2BH 

MSCI Frame Interrupt 2BH 2AH 
Enable Register Channel 0 
FIEChannel 0 

Remarks 

7 6 5 4 3 2 1 0 

Async - PMPE 

Byte sync -
PEE FRMEE OVRNE 

~ 
- -

-
Bit sync EOME SHRTE ABTE RBITE 

Read/Write R/W RiW RIW 

Initial value 0 0 

,--------J 
EOM interrupt enable 
• Bit synchronous mode 
O: Disable 
1: Enable 

PMP jn~rrupt enable 
• Asynchronous mode 
0: Disable 
1: Enable 

SHBI joterrupt enable 
• Bit synchronous mode 
O: Disable 
1: Enable 

. r 
PE interrupt enable 
• Asynchronous mode 
O: Disable 
1: Enable 
.Alll.interrupt enable 
• Bit synchronous mode 
O: Disable 
1: Enable 

6 

Read/Write R/W 

0 

Initial value O O O 
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I 
EOMF interrupt enable 
• Bit synchronous mode 
o: Disable 
1: Enable 

R/W RIW RiW - -
0 0 0 0 0 

l 
CRCE interrupt enable 
• Byte/Bit synchronous mode 
O: Disable 
1: Enable 

QVRN jnterrupt enable 
O: Disable 
1: Enable 

FAME jnterrupt enable 
• Asynchronous mode 
0: Disable 
1: Enable 

RBIT jnterrupt enable 
• Bit synchronous mode 
O: Disable 
1· Enable 

4 3 2 

0 0 0 

0 

0 



Address 

CPU CPU 
Mode Mode 

Register 0, 1 2,3 Remarks 

MSCI (Channel 0) 

MSC! Command Register 2CH 2DH 7 6 5 4 3 2 1 0 

Async 
_., _., 

CMOS CMD4 CMD3 CMD2 CMDt CMDO 
Channel O: CMD 

Byte sync 
Channel 0 Bit sync 

Read/Write - - w w w w w w 
Initial value - - - - - - - -

~ 
•Transmit commands • Receive commands 
OOOOOt : TX reset 01000t: RX reset 
OOOOtO: TX enable 010010: RX enable 
000011: TX disable 010011: RX disable 
000100: TX CRC initialization 010t00: RX CRC initialization 
000101: TX CRC calculation 010101: Massage reject 

exclusion 010t 10: Search MP bit 
000110: End-of-message 010111: RX CRC calculation 
000111: Abort transmission exclusion 
oot 000: MP bit on 011000 Forcing RX CRC 
00100t: TX buffer clear calculation 
Others Reserved 

•Other commands 
100001 : Channel reset 
t t 0001. Enter search mode 
000000: No operation 

Not used 2DH 2CH 

7 6 5 4 3 2 1 0 

MSCI Mode Register 0 2EH 2FH Async PRTCL2 PRTCL1 PRTCLO AUTO - - STOPt STOPO 

Channel O: MDO Byte sync CRCCC CRC1 CRCO 

ChannelO Bit sync 

Read/Write RiW RiW R/W RiW - RiW R/W R/W 

Initial value 0 0 0 0 0 0 ~ J r 
J 

I 
e[Qt2i;;QI rn2d~ 8UIQ-!iDi.ab!e 
000: Asynchronous mode O: Auto-enable reset 
001: Byte-sync 1. Auto-enable set 

mono-sync mode 
010: Byte-sync CRC code caluculation 

Bi-sync mode • Byte/Bit synchronous 
011: Byte-sync external mode 

synchronous mode o Disable 
100: Bit-sync HDLC mode 1: Enable 
101: Bit-sync loop mode Sto~ bit length -
110· Reserved Asynchronous mode 
1t1: Reserved 00: 1 bit 

01: 1.5bits 
10: 2 bits 
11: Reseved 

CRC calcuration 
ex~ression and 
ioitial ~alue 

Byte/Bit synchronous mode 
OX: CRC-16 
tX: CRC-CCITT 
XO: Initial value = all'Os 
X1: Initial value = all 1 s 
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Address 

CPU CPU 
Mode Mode 

Register 0, 1 2,3 Remarks 

MSCI (Channel 0) 

MSCI Mode Register 1 2FH 2EH 7 6 5 4 3 2 1 0 

Channel O: MD1 Async BRATE1 BRATEO TXCHR1 TXCHRO RXCHR1 RXCHR PMPM1 PMPMO 

Channel 0 
Byte sync - - - - - - - -
BR sync ADDRS1 ADDRSq 

ReadtWrite R/W R/W RIW R/W R/W RIW RJW R!W 

lni1ial value 0 0 0 0 ~ 0 0 

-i- T I Tr1n~m~ Qh§!r5112t~r 

~ length Parit~tmultiQrocessor 
• Asynchronous mode • Asynchronous mode nwa. 
00: 111 clock rate 00: 8 bits/character • Asynchronous mode 
01 : 1116 clock rate 01 : 7 bits/character 00: No parRy/MP bR 
1 O: 1 /32 clock rate 1 O: 6 bits/character 01: MP bhppended 
11 : 1164 clock rate 11 : 5 bits/character {by command) 

Address fie!Q check B!l!Qifi!i!~ Qb5i!'.1'!21iC 

10: Even parity appended 
and checked 

• Bit synchronous mode n: Odd parity appended 
00: Address field no-check length and checked 
01: Single address 1 • Asynchronous mode 
1 O: Single address 2 00: 8 bits/character 
11 : Dual address 01 : 7 bits/character 

10: 6 bits/character 
11: 5 bits/character 

MSCI Mode Register 2 30H 31H 
7 6 5 4 3 2 1 0 

Async - - - - - - CNCT1 CNCTO 
Channel O: MD2 Byte sync NRZFM CODE1 CODEO DRATE1 DRATEO 
ChannelO Bit sync 

Read/Wri1e RIW RIW RtW RtW R/W - RIW RIW 

Initial value 0 0 0 0 0 0 0 0 

t-IBZ QC E~ 5ala~ T 
• Byte/Bit Channel connection 

synchronous Icaa~mi~flliQO QQdi 00: Full duplex 
mode 

~ communications 
O: NRZ Byte/Bit synchronous 01: Auto echo 
1: FM mode 10: Reserved •2 

NRZ 11: Local loop back 
00: NRZ 
01: NAZI 

AQeLL Qg§!raling QIQC~lbil cal§! 1 o: Reserved 
11: Reserved • Byte/BR synchronous mode 

FM 00: x 8 

00: Manches1er 01: x 16 

01: FM1 10: x32 

10: FMO 11: Reserved 

11: Reserved 
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Address 

CPU CPU 
Mode Mode 

Register 0, 1 2,3 Remarks 

MSCI (Channel 0) 
7 6 5 4 3 2 1 0 

MSCI Control Register 31H 30H Async - - - - BRK - - RTS 

Channel O: CTL Byte sync UDRNC IDLC - SYNCLD 

ChannelO Bo sync - GOP 

Read/Write - - RiW R/W RiW RiW RiW R/W 

Initial value 0 0 0 0 0 0 0 1 

~ I 
Idle stat~ control Go active on QOll 
• Byte/Bit synchronous mode • Bit synchronous 
O: Transmns a mark loop mode 
1: Transmits an idle pattern 0: Disable 

1: Enable 
s~oQ braai~ 
• Asynchronous 

mode Reguest to send 
Underrun state control o: Off O: Sets RTS low 
• Byte synchronous mode 
0: Enters idle state immediately 

t · On (break send) 1 : Sets RT S high 

1: Enters idle state after CRC transmission 
• Bn synchronous mode 
O: Enters idle state after aborting transmission 
1 · Enters idle state after FCS and flag transmission 

SYN chg.ract~:r 
load enable 
• Byte synchronous mode 
o: Disable 
1: Enable 

7 6 5 4 3 2 1 0 
MSCI Synchronous/ 32H 33H Async - - - - - - - -
Address Register 0 Byte sync SAO? SA06 SAOS SA04 SA03 SA02 SAOt SAOO 

Channel O: SAO Channel O Bit sync 

Read/Write RIW RiW RiW R/W RiW RiW R/W R!W 

lnitiaVvalue 1 1 1 1 1 1 1 1 

l:!YN Qatt~rn fgr reg~Jgniadgress fi~IQ ch~ck 
• Byte synchronous mode 

Mono-sync SYN pattern for reception 

Bi-sync SYN pattern for transmission and reception (bit7-bit0) 
External-sync Not used 

• Bo synchronous mode 

No address field checked Not used 

HDLC Single address 1 8it7-brt0 of the secondary station address 
mode Single address 2 Not used 

Dual address Bit7-bit0 of the secondary station address 

No address field checked Not used 

Loop Single address 1 Bit7-bit0 of the secondary station address 
mode 4·bit address Bit7-bit4 of the secondary station address 

Dual address 8it7-bit0 of the secondary station address 
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Address 

CPU CPU 
Mode Mode 

Register 0, 1 2,3 Remarks 

MSCI (Channel 0) 

MSCI Synchronous/ 33H 32H 7 6 5 4 3 2 1 0 

Address Register 0 Async - - - - - - - -

Byte sync SA17 SAl6 SA15 SA14 SA13 SA12 SA11 SA10 
Channel O: SA 1 Bn sync 
Channel O Read/Write RtW RIW R/W RIW RIW RIW RtW R/W 

lnnial value 1 1 1 1 1 1 1 1 

SYN eattern for transmJsion/address field check 

• Byte synchronous mode 

Mono-sync SYN pattern for uansmission 

Bi-sync SYN pattern for transmission and reception (bn15-bit8) 

External-sync SYN pattern for transmission 

• Bit synchronous mode 

No address field checked Not used 

HDLC Single address 1 Not used 
mode Single address 2 Bit15-bitB of the secondary station address 

Dual address Bit15-bitB of the secondary station address 

No address field checked Not used 

Loop Single address 1 Not used 
mode 4-bn address Not used 

Dual address Bit15-bit8 of the secondary station address 

MSCI Idle Pattern Register 34H 35H 
7 6 5 4 3 2 1 0 

Async - - - - - - - -
Channel O: IDL Channel 0 Byte sync IDL7 IDL6 IDLS IDL4 IDL3 IDL2 IDL1 IDLO 

Bit sync 

Read/Write RiW R/W RtW RiW R/W R/W RiW RtW 

Initial value 1 1 1 1 1 1 1 1 

Idle J.ttern 

7 6 5 4 3 2 1 0 

MSCI Time Constant 35H 34H Async TMC7 TMC6 TMCS TMC4 TMC3 TMC2 TMC1 TMCO 

Register Channel O: Byte sync 

TMC Channel 0 Bit sync 

Read/Write RiW RiW R/W RtW RIW RtW R/W RtW 

lnnial value 0 0 0 0 0 0 0 1 

Value loaded into thTreload timer (1-256) 
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Address 

CPU CPU 
Mode Mode 

Register 0, 1 2,3 Remarks 

MSCI (Channel 0) 

MSCI RX Clock Source 36H 37H 7 6 5 4 3 2 1 0 

Async - AXCS2 RXCSt AXCSO AXBR3 RXBA2 RXBAt AXBAO 
Register Channel O: 

Byte sync 
RXS Channel O 

Bit sync 

Read/Write - RiW RiW R1W R/W AiW A/W A/W 

Initial value 0 0 0 0 0 0 0 0 

T T . I 
Rfce1ve clock ~ourg:e Receiver baud rate 
000: AXC line input • Clock division ratio 
010: AXC line input (noise suppression) 0000: 1/1 
100: Internal baud rate generator (BAG) output 0001: 112 
110: ADPLL output 0010: 1/4 

(BAG output for ADPLL operating clock) 0011. 1/8 
t1t: ADPLL output OtOO: t/16 

(AXC line input for ADPLL operating clock) 010t: t/32 
Others: Reserved Ot tO: 1/64 

011t: t/128 
1000: t/256 
toot: 11512 
Others: Reserved 

MSCI TX Clock Source 37H 36H 7 6 5 4 3 2 1 0 

Async - TXCS2 TXCSt TXCSO TXBR3 TXBA2 TXBA1 TXBRO 
Register Channel O: 

Byte sync 
TXS Channel O Bit sync 

Read/Write - A1W A/W AiW AiW AiW AiW AiW 

Initial value 0 0 0 0 0 0 0 0 

J I . I 
I(aD~DJl1 eilQQ~ SQ!,,!t'.Q~ Transmitter baud rate 
000: TXC line input •Clock division ratio 
100: Internal baud rate generator (BRG) output 0000: t/1 
t tO: Receive clock ooot: 1/2 
Others: Reserved OOtO: 1/4 

0011: 1/8 
OtOO: t/16 
010t: t/32 
0110: 1/64 
Ot1 t. t/128 
tOOO: t/256 
toot· t/5t2 
Others: Reserved 

7 6 5 4 3 2 1 0 

MSCI TX Ready Control 38H 39H Async - - - TRC04 TRC03 TRC02 TRCOt TR COO 

Register 0 Channel 0: Byte sync 

TACO Channel 0 Bit sync 

Read/Write - - - RIW RiW AIW RIW AiW 

Initial value 0 0 0 0 0 0 0 0 

TX reaJ control 0 
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Address 

CPU CPU 
Mode Mode 

Register o, 1 2,3 Remarks 

MSCI (Channel 0) 

MSCI TX Ready Control 39H 38H 7 6 5 4 3 2 1 0 

Register 1 Channel O: 
Async - - - TRC14 TRC13 TRC12 TRC11 TRC10 

Byte sync 
TRC1 Channel 0 Bn sync 

Read/Write - - - RIW R/W R/W R/W RIW 

Initial value 0 0 0 1 1 1 1 1 

TX readJcontrol 1 

7 6 5 4 3 2 1 0 

MSCI RX Ready Control 3AH 3BH Async - - - RRC4 RRC3 RRC2 RRC1 RRCO 

Register Channel O: Byte sync 

RRC Channel 0 Bit sync 

Read/Wrne - - - RIW RIW R/W R/W RIW 

Initial value 0 0 0 0 0 0 0 0 

RX real con1rol 

Not used 3BH 3AH 

MSCI RX Ready Control 3CH 3DH 7 6 5 4 3 2 1 0 

Async - PMPCO PECO FAME CO pVRNCO - - CDEO 

Register Channel O: Byte sync - - FRCEC~ 
RRC Channel 0 Bn sync EOMCO SHRTCO ABT CO RBITCO 

Read/Write R R R R R R - R 

Initial value 0 0 0 0 0 0 0 0 

Data status 1n the toe slge of the receive buffer 
I 

Current data O 
O: No data exists 
1: Data exis1s 

7 6 5 4 3 2 1 0 
MSCI Current Status 3DH 3CH Async - PMPC1 PECt FRMECt OVRNC'El - CDE1 
Register 1 Channel O: Byte sync - - - CRCECt 

CST1 Channel O Bit sync EOMC1 SHRTC1 ABTCt RBITCt 

Read/Write R R R R R R - R 

lnnial value 0 0 0 0 0 0 0 0 

Data status in the seconltage of the receive bulfer 
I 

Current data 1 
O: No data exists 
1 : Data exists 

Not used 3EH 3FH 

Not used 3FH 3EH 
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Address 

CPU CPU 
Mode Mode 

Register 0, 1 2,3 Remarks 

MSCI (Channel 1) 

MSCI TX/RX Buffer 40H 41H 7 6 5 4 3 2 1 0 

Register L Channel 1: Async TRB7 TRB6 TRBS TR84 TRB3 TRB2 TRB1 TRBO 

TRBL Channel 1 
Byte sync 

Bit sync 

Read/Write RIW R!W R!W R/W R!W RIW R!W R/W 

Initial value x x x x x x x x 

Value written to, or read frol. the transmit/receive buffer 

7 6 5 4 3 2 1 0 

MSCI TX/RX Buffer 41H 40H Async TR815 TR8t4 TRB13 TRBt2 TRBtt TRBtO TRB9 TRBS 

Register H Channel 1: Byte sync 

TRBH Channel 1 
Bit sync 

Read/Write RIW R/W RIW RIW RN/ RIW R/W R/W 

Initial value x x x x x x x x 

Value written to, or read froI the transmit/receive buffer 

7 6 5 4 3 2 1 0 

Async TXINT RXINT - - - - TXROY RXRDY 

MSCI Status Register O 42H 43H Byte sync 

Channel 1 : STO Channel 1 Bit sync 

Read/Write R R - - - - R R 

Initial value 0 0 0 0 0 0 J 0 

I ~ 
TXINT interruQt O: Transmit buffer satisfying 
o· No interrupt the conditions set by TRC1 
1: lnterruput 1· Transmit buffer satisfying 

the conditions set by TACO 
RXINT interrugt 
o· No interrupt 

RX rady 1: lnterruput 

o: Receive buffer empty 
1 : Receive buffer satisfying 

the conditions set by RAC 
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Register 

MSCI (Channel 1) 

Address 

CPU CPU 
Mode Mode 
0, 1 2,3 

MSCI Status Register 1 43H 42H 
Channel 1: ST1 Channel 1 

Remarks 

7 6 

Async IOL 

Byte sync UORN 

HDLC 

Loop 

Read/Write RN/ R 

~ln-it-ia_I v_a_iue __ ~J 1 
I 

ru:.n 
level change 
O: Not changed 
1: Changed 

SYN pattern detection 
• Byte synchronous mode 
O: No pattern detected 
1: Pattern detected 

Flag detection 
• Bit synchronous mode 
O: No flag detected 
1 : Flag detected 

Transmitter idle status 
O: Not idle 
1: Idle 

Underrun error 
• Byte!Bit synchrqnous 

mode 
0: No underrun detected 
1: Underrun detected 
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5 

-
0 

4 3 2 1 0 

CCTS coco BRKO BRKE 

~ - -
R.GO ABTDI IOLO 

GAPO 

R/W AIW RJW RN/ RN/ 

lr=1J 
0 0 

DCD line 
level chanQi 
O: Not changed 
1: Changed 

Break detection 
• Asynchronous mode 
O: Break sequence 

starts not detected 
1 : Break sequence 

starts detected 

'---

Abort detection/GA pattern detection 
• Bit synchronous mode 
O: Abort sequence start/GA 

pattern start not detected 
1 : Abort sequence start/GA 

pattern start detected 

'---

Break end --------....J 
• Asynchronous mode 
O: Break sequence end not detected 
1 : Break sequence end detected 
Idle start detection 
• Bit synchronous mode 
O: Idle sequence start not detected 
1: Idle sequence start detected 



Address 

CPU CPU 
Mode Mode 

Register 0, 1 2, 3 

MSCI (Channel 1) 

MSCI Status Register 2 44H 45H 

Channel 1 : ST2 Channel 1 

SCI Status Register 3 45H 44H 

Channel 1:ST3Channel 1 

Remarks 

7 6 

Async - PMP 

Byte sync -
Bit sync EOM SHRT 

Read/Write R/W R/W 

Initial value O O 

,---J 
Receive end of message 
• Bit synchronous mode 
O: Receive frame end 

not detected 
1. Receive frame end 

detected 

parjty/MP bjt 
• Asynchronous mode 
O: Parity/MP bit = 0 
1 : Panty/MP bit = 1 

Short frame 
•Bit synchronous mode 
o· Normal end of frame 
1 · Short frame detected 

5 4 3 2 

PE FAME OVRN -
- - f-cRcE 

ABT RBIT 

RiW RiW RiW R/W 

0 0 0 0 

I 
Framning error 
•Asynchronous mode 
O: No framing error 

detected 
1: Framing error 

detected 

Resjdua! bjt frame 
• Bit synchronous 

mode 
O: Normal end of 

frame 
1: Residual bit frame 

detected 

oVerrun error -

1 0 

0 

I 
Parity error 

O: No overrun error detected 
1: Overrun error detected 

Async 

• Asynchronous mode 
0: No parity error detected 
1 : Parity error detected 

Abort end frame 
• Bit synchronous mode 
O: Normal end of frame 
~: Frame with abort end detected 

7 6 5 

-
4 3 

CRC error 
• Byte/Bit synchronous mode 
O: No CRC error detected 
t: CRC error detected 

2 1 0 

DCD TXENBL RXENBiJ 

Byte sync SRCH 
-~CTS 

Bit sync SLOOP 

Read/Write - - R R R R 

Initial value ~ 0 ~ ro I x 

Sending on loop CTS mput line status 
• Bit synchronous mode 0 CTS low level 
0 Transmits no MSCI data 1 CTS high level 
1 Transmits MSCI data 

Search mode 
• BytetBit synchronous mode 
O: ADPLL normal mode 
1: ADPLL search mode 

R R 

0 0 

I 
~ 
O: Disable 
1: Enable 

RX enable 
O: Disable 
1: Enable 

5C5 joout line status 
o· DCD low level 
1: DCD high level 
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Address 

CPU CPU 
Mode Mode 

Register 0, 1 2,3 Remarks 

MSCI (Channel 1) 

MSCI Frame Status 46H 47H 7 6 5 4 3 2 1 0 

Register Channel 1 : Async - - - - - - - -
Byte sync 

FST Channel 1 
Bit sync SHRTF ABTF RBITF OVRNF EOMF CRCEF 

Read/Write RIW RiW RiW RiW RiW RIW - -
Initial value 0 0 0 0 0 0 0 0 

Frame status at 1ceive completion 

Not used 47H 46H 

7 6 5 4 3 2 1 0 

MSCI Interrupt Enable 48H 49H Async TXINTE RX IN TE - - - - ~XRDYE RX ROYE 

Register O Channel 1: Byte sync 

IEO Channel 1 Bit sync 

Read/Write RIW RiW - - - - RIW R/W 

Initial value 0 0 0 0 0 0 0 0 

~ ~ 
TXINT interrupt TXRDY interrupt 
enabll! enablll. 
0: Disable O: Disable 
1: Enable 1: Enable 

RXINT interrupt RXRDY interrupt 
enable enable 
0: Disable O: Disable 
1 ·Enable 1: Enable 
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Address 

CPU CPU 
Mode Mode 

Register 0, 1 2,3 Remarks 

MSCI (Channel 1) 

MSCI Interrupt Enable 49H 48H 7 6 5 4 3 2 1 0 

Register 1 Channel 1: 
Async - IDLE - r-=- CCTSE CDC DE BRKDE BRKEE 

IE1 Channel 1 
Byte sync UDRNE ~ - -
HDLC 

FLGDE 
AB TD El IDLDE 

Loop GAP DE 

Read/Write RIW RtW - RtW RtW RtW R/W R/W 

Initial value 0 0 0 0 0 0 0 0 

~ ~~r enable 
O: Disable 
1: Enable 

IDL interruet enable 
O: Disable 
1 ·Enable COCO interrugt enable 

O: Disable 
1. Enable 

UDRN interrugt enable BRKD interruQt enable ______J 

• Byte/Bit synchronous mode • Asynchronous mode 
o· Disable 0 Disable 
1 Enable 1: Enable 

ABTDtGAPD Interrupt 

SYNCD interrupt enable ___, 
_Qnable 
• Bit sychronous mode 

• Byte synchronous mode 
o: Disable 

O: Disable 1: Enable 
1: Enable 

FLGD interrugt @nable BRKE 1nterruput enable -
• Bit synchronous mode •Asynchronous mode 
0: Disable O: Disable 
1: Enable 1: Enable 

IDLD interruQt enable 
• Brt synchronous mode 
O Disable 
1: Enable 
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Register 

MSCI (Channel 1) 

MSCI Interrupt Enable 
Register 2 Channel 1: 
IE2 Channel 1 

Address 

CPU CPU 
Mode Mode 
0, 1 2,3 

4AH 4BH 

MSCI Frame Interrupt 4BH 4AH 
Enable Register Channel 1 
FIE Channel 1 

Remarks 

7 6 5 4 3 2 1 0 

Async - PMPE PEE FRMEE OVRNE 
~ - -

Byte sync - - - CRCEE 

Bit sync EOME SHRTE ASTE RBITE 

Read/Write R/W R!W RIW 

Initial value O 

,----J 
EOM jnterruot enable 
• Bit synchronous mode 
O: Disable 
1: Enable 

PMP int~rrupt enable 
• Asynchronous mode 
O: Disable 
1: Enable 

SHBI jnterrupt enable 
• Bit synchronous mode 
O: Disable 
1: Enable 

I 
PE interrupt enable 
• Asynchronous mode 
O: Disable 
1: Enable 
ABT in1errup1 enable 
• Bit synchronous mode 
O: Disable 
1: Enable 

Read/Write R/W -

Initial value 0 
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I 
EOME interrupt enable 
• Bit synchronous mode 
0: Disable 
1: Enable 

0 

RIW RiW R/W - -
0 0 0 0 0 

l 
CRCE joterrupt enable 
• Byte/Bit synchronous mode 
O: Disable 
1: Enable 

OVRN interrupt enable 
O: Disable 
1: Enable 

FRME interrupt enable 
•Asynchronous, mode 
O: Disable 
1 ·Enable 

RBIT interrupt enable 
• Bit synchronous mode 
O Disable 
1 Enable 

0 0 0 0 



Register 

MSCI (Channel 1) 

MSCI Command Register 
Channel 1: CMD Channel 1 

Not used 

MSCI Mode Register 0 
Channel 1 : MDO Channel 1 

Address 

CPU CPU 
Mode Mode 
0, 1 2, 3 

4CH 4DH 

4DH 4CH 

4EH 4FH 

Remarks 

7 6 5 4 3 2 1 0 

Async ] _., -·11 CMD5 
CM04 CM03 CMD2 CMDl CMDO 

J Byte sync 

Bit sync l 
Read/Write - -
Initial value - -

•Transmit commands 
000001 : TX reset 
000010: TX enable 
000011: TX disable 
000100: TX CRC initialization 
000101: TX CRC calculation 

exclusion 
000110: End-of-message 
000111 · Abort transmission 
001000· MP bit on 
001001: TX buffer clear 
Others Reserved 

w w w w 
- - - -

erulaoo 
•Receive commands 
010001: RX reset 
010010: RX enable 
010011: RX disable 
010100: RX CRC initialization 
010101: Message reject 
010110: Search MP bit 
010111: RX CRC calculation 

exclusion 
011000: Forcing RX CRC 

calculation 

•Other commands 
100001 · Channel reset 
110001: Enter search mode 
OOOOOQ· No operation 

w w 
- -

7 6 5 4 2 1 0 

l-
A-'s-y-nc-'---lj1PRTCL2 PRTCLJPRTCLO AUTO 
Byte sync 

Bit sync 

- STOPl STOPO 

CRCCC CRC1 CRCO 

Read/Write RtW RtW R/W R/W R/W RiW R/W 

Initial value 0 0 0 0 0 0 

I 
~J-r 

J 
Protocol mode 
000: Asynchronous mode 
001 Byte·sync 

mono-sync mode 
010: Byle·sync 

Bi-sync mode 
011. Byle-sync external 

synchronous mode 
100: Bit·sync HDLC mode 
101: Bit-sync loop mode 
110: Reserved 
111: Reserved 
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Auto-enable 
O: Auto-enable reset 
1: Auto-enable set 

CRC code caluculation 
• Byte/Bit synchronous 

mode 
0: Disable 
1. Enable 

Stop bit length -
Asynchronous mode 

00: 1 bil 
01: 1.Sbits 
10: 2 bits 
11. Reseved 

CBC ca!curatlon 
expression and 
initial value 

Byle/Bit synchronous mode 
OX CRC·16 
lX CRC·CCITT 
XO Initial value~ all Os 
X1 Initial value= all 1 s 



Address 

CPU CPU 
Mode Mode 

Register 0, 1 2,3 

MSCI (Channel 1) 

MSCI Mode Register 1 4FH 4EH 
Channel 1: MD1 Channel 1 

MSCI Mode Register 2 50H 51 H 
Channel 1: MD2 Channel 1 

Remarks 

7 6 5 4 3 2 1 0 

Async BRATE1 BRATEO TXCHR1 TXCHR~RXCHRt RXCHR~ PMPM1 PMPMO 

Byte sync 

Bit sync 

Read/Write 

jnltial value 

I 
.6.JJ..rnl!L 

ADDRSt ADDRSO 

R/W R/W 

0 0 

=r-
• Asynchronous mode 
00 1 /1 clock rate 
01 1116 clock rate 
1 O 1132 clock rate 
11 1164 clock rate 

R/W R!W R1W RiW RiW RiW 

0 0 ~ 
---i-

0 0 

T Transmit character 

~ 
• Asynchronous mode 
00: 8 bits/character 
01 : 7 bits/character 
1 O: 6 bits/character 
11 : 5 bits/character 

Parity/multiprocessor 
mode 
•Asynchronous mode 
00: No parity/MP bit 
01 · MP bit appended 

(by command) 

Address field check r----~ 10: Even parity appended 

Becieye character and checked • Bit synchronous mode 
00: Address field no-check 
01: Single address 1 

lenoth 11: Odd parity appended 
~ and checked 
• Asynchronous mode 

1 O: Single address 2 00: 8 bits/character 
11: Dual address 01: 7 bits/character 

10 · 6 bits/character 
11: 5 bits/character 

7 6 5 4 3 

Async - - - - -
Byte sync NRZFM CODE1 CODEO D RATEt DRATEO 

Bit sync 

Read1Write R1W RiW RiW R!W R!W 

Initial value 0 0 0 0 

NRZ or FL selec~ 
• Byte/Bit ~ I 

synchronous Transmjssion code 
mode ~ 

0: NRZ • Byte/Bit synchronous 
1: FM mode 

NRZ 
00 NRZ 

2 1 0 

- CNCT1 CNCTO 

RiW R/W 

0 0 0 

T 
Channel connection 
00: Full duplex 

01: 
10: 
11: 

communications 
Auto echo 
Reserved ·2 

Local loop back 

01 NRZI 
1 O: Reserved 
11. Reserved 

AOPLL operatjnq clock/bit rate 
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FM 
00 Manchester 
01 FM1 
10· EMO 
11 Reserved 

• Byte/Bit synchronous mode 
00 x 8 
01. x 16 
10· x 32 
11 Reserved 



Address 

CPU CPU 
Mode Mode 

Register 0, 1 2,3 Remarks 

MSCI (Channel 1) 

MSCI Control Register 51H 50H 7 6 5 4 3 2 1 0 

Channel 1 : CTL Channel 1 
Async - - - - BRK - - ATS 

Byte sync UDRNC IDLC - SYNCLO 

Bit sync - GOP 
Read/Write - - R/W RiW RIW RiW R/W R/W 

Initial value 0 0 0 0 0 0 0 1 

~ I 
!die srnte: QQD!(Ql Go active on 12011 
• Byte/Bit synchronous mode • Bit synchronous 
O: Transmits a mark loop mode 

1: Transmits an id!e pattern 0: Disable 
1: Enable 

S!iZOd !;;ir~gk 
• Asynchronous 

mode Reguest to send 
Underrun state control O: 011 O: Sets RTS low 
• Byte synchronous mode 1. On (break send) 1 Sets RTS high 
O: Enters idle state immediately 
1 · Enters idle state after CRC transmission 
• Bit synchronous mode 
O: Enters idle state after aborting transmission 
1. Enters idle state after FCS and flag transmission 

SYN character 
load enable 
•Byte synchronous mode 
0 Disable 
1: Enable 

52H 
7 6 5 4 3 2 1 0 

MSCI Synchronous/ 53H 
Async - - - - - - - -

Address Register O Byte sync SAO? SA06 SA05 SA04 SA03 SA02 SA01 SAOO 

Channel 1 : SAO Channel 1 Bit sync 

Read/Write R1W RiW RiW R1W RiW RiW RIW R/W 

Initial/value 1 1 1 1 1 1 1 1 

SYN Qattern for receJonladdress field check 

•Byte synchronous mode 

Mono-sync SYN pattern for reception 

Bi-sync SYN pattern for transmission and reception (bit7-bit0) 

External-sync Not used 

• Bit synchronous mode 

No address field checked Not used 

HDLC Single address 1 Bit7-bit0 of the secondary station address 

mode Single address 2 Not used 

Dual address Bit7-bit0 of the secondary station address 

No address field checked Not used 

Loop Single address 1 Bit7-bit0 of the secondary station address 
mode 4-bit address Bit7-bit4 of the secondary station address 

Dual address Bit7-bit0 of the secondary station address 
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Address 

CPU CPU 
Mode Mode 

Register 0, 1 2,3 Remarks 

MSCI (Channel 1) 

MSCI Synchronous/ 53H 52H 7 6 5 4 3 2 1 0 

Address Register 0 
Async - - - - - - - -
Byte sync SA17 SA16 SA15 SA14 SA13 SA12 SA11 SA10 

Channel 1 : SA 1 Channel 1 
Bit sync 

Read/Write R!W R/W RiW RiW R/W R/W RiW R/W 

Initial value 1 1 1 1 1 1 1 1 

SYN eattern for transmiLon/address field check 

• Byte synchronous mode 

Mono·sync SYN pattern for transmission 

Bi-sync SYN pattern for transmission and reception (bit15-bitS) 

External-sync SYN pattern for transmission 

• Bit synchronous mode 

No address field checked Not used 

HDLC Single address 1 Not used 

mode Single address 2 Bit15-bit8 of the secondary station address 

Dual address Bit15-bit8 of the secondary station address 

No address field checked Not used 

Loop Single address 1 Not used 
mode 4-bit address Not used 

Dual address Bit15-bitS of the secondary station address 

7 6 5 4 3 2 1 0 

MSCI Idle Pattern Register 54H 55H Async - - - - - - - -
Channel 1: IDL Channel 1 Byte sync IOL7 IDL6 IDL5 IDL4 IDL3 IDL2 IDL1 IDLO 

Bit sync 

Read/Write RiW R/W RiW RtW RtW RtW RiW R!W 

Initial value 1 1 1 1 1 1 1 1 

Idle Jttern 

7 6 5 4 3 2 1 0 

MSCI Time Constant 55H 54H Async TMC7 TMC6 TMCS TMC4 TMC3 TMC2 TMC1 TMCO 

Register Channel 1: 
Byte sync 

Bit sync 
TMC Channel 1 Read/Write RiW RtW R/W R!W RiW RIW RiW R!W 

Initial value 0 0 0 0 0 0 0 1 

Value loaded into tJ reload timer (1-256) 
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Address 

CPU CPU 
Mode Mode 

Register 0, 1 2,3 Remarks 

MSCI (Channel 1) 

MSCI RX Clock Source 56H 57H 7 6 5 4 3 2 1 0 

Register Channel 1 : 
Async - RXCS2 RXCS1 RXCSO RXBR3 RXBR2 RXBR1 RXBRO 

Byte sync 
RXS Channel 1 

Bit sync 

Read/Write - RiW RiW RiW RiW R/W RiW R!W 

Initial value 0 0 0 0 0 0 0 0 

=r 1 
Receive c!oc[ source Receiver baud rate 
000: RXC line input • Clock division ratio 
010: RXC line input (noise suppression) 0000: 1/1 
tOO: Internal baud rate generator (BRG) output 0001: 1/2 
110: ADPLLoutput 0010: 1/4 

(BRG output for ADPLL operating clock) 0011: 1/6 
111: ADPLL outpu1 0100: 1/16 

(RXC line input for ADPLL operating clock) 0101: 1/32 
Others: Reserved 0110: 1/64 

0111: 1/126 
1000: 1/256 
1001: 1/512 
Others: Reserved 

7 6 5 4 3 2 1 0 

MSCI TX Clock Source 57H 56H Async - TXCS2 TXCSI TXCSO TXBR3 TXBR2 TXBR1 TXBRO 

Register Channel 1 : TXS Byte sync 

Channel 1 Bit sync 

AeadJWrite - R!W RiW RiW RiW RiW R/W RiW 

Initial value 0 0 0 0 0 0 0 0 

:J 1 . I 
Transmit clock source Transmitter baud rate 
000: TXC line input • Clock division ratio 
100: Internal baud rate generator (BRG) output 0000: 1/1 
11 O: Receive clock 0001: 1/2 
Others: Reserved 0010: 1/4 

0011: 1/6 
0100: 1116 
0101: 1/32 
0110: 1164 
0111 · 1/126 
1000: 11256 
1001. 11512 
Others: Reserved 

MSCI TX Ready Control 58H 59H 7 6 5 4 3 2 1 0 

Register 0 Channel 1: Async - - - TRC04 TRC03 TRC02 TRC01 TR COO 

TACO Channel 1 
Byte sync 

Bit sync 

Read/Write - - - RiW RIW R!W RiW RiW 

Initial value 0 0 0 0 0 0 0 0 

TX read} control O 
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Register 

MSCI (Channel 1) 

MSCI TX Ready Control 
Register 1 Channel 1: 
TRC1 Channel 1 

MSCI RX Ready Control 
Register Channel 1: 

RRC Channel 1 

Not used 

MSCI Current Status 

Register O Channel 1: 
CSTO Channel 1 

MSCI Current Status 

Register 1 Channel 1 : 
CST1 Channel 1 

Not used 

Not used 

Address 

CPU 
Mode 
0, 1 

S9H 

SAH 

SBH 

SCH 

SDH 

SEH 

SFH 

CPU 
Mode 
2,3 

SSH 

SBH 

SAH 

SDH 

SCH 

SFH 

SEH 

Remarks 

7 6 5 4 3 2 1 0 

Async - - - TRC14 TRC13 TRC12 TRC11 TRC10 

Byte sync 

Bit sync 

Read/Write - - - RIW RIW RIW RIW RIW 

Initial value 0 0 0 1 1 1 1 1 

TX readJcontrol 1 

6 4 3 2 1 0 

Async RRC4 RRC3 RRC2 RRC1 RRCO 

Byte sync 

Bit sync 

Read/Write 

Initial value 0 0 

RIW RIW RIW RIW RIW 

0 0 0 0 0 

RX reJy control 

7 6 5 4 3 2 

Async FRMECo)ovRNCOEi -

~B_y_te_s~y_nc~-t-~--<~-~+---~r------< RCEC 

Bit sync EOMCO SHRT~ ABTCO RBITCO 

- PMPCO PECO 

Read/Write R R R R R R 

Initial value 0 0 0 0 0 O 0 

A sync 

Byte sync 

Bit sync 

Read!Wrne 

Data status in the top sige of the receive buffer 

4 2 

- PMPCl PECt FRMEC1 joVRNCltc-::-:-:- -

- - CRCECl 

EOMCl SHRTCl ABTCl RBITCl 

R R R R R R 

Initial value O O O O O O 0 

Data status rn the seconltage of the receive buffer 
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CDEO 

R 

0 

I 
Current data O 
0: No data exists 
1: Data exists 

CDE1 

R 

0 

I 
Current data 1 
O: No data exists 
1 : Data exists 



Address 

CPU CPU 
Mode Mode 

Register 0, 1 2,3 Remarks 

Timer (Channel 0) 

limer up-counter Channel GOH G1H 7 6 5 4 3 2 1 0 

O: TCNTL Channel 0 I I I I I I I I I 
Read/Write RIW RIW R/W R/W RIW RIW R/W R/W 

Initial value 0 0 0 0 0 0 0 0 

limer up-counter Channel G1H GOH 15 14 13 12 11 10 9 8 

O: TCNTH Channel 0 I I I I I I I I I 
Read/Write RIW RIW RIW RIW R/W R/W R/W RiW 
Initial value 0 0 0 0 0 0 0 0 

7 6 5 4 3 2 1 0 
limer Constant Register G2H G3H 

I I l I I I I I I Channel O: TCONRL 

ChannelO Read/Write R/W RIW RIW R/W RIW RiW RIW RiW 

Initial value 0 0 0 0 0 0 0 0 

15 14 13 12 11 10 9 8 

limer Constant Register G3H G2H 
I I I I I I I I I Channel 0: TCONRH 

Channel 0 
Read/Write w w w w w w w w 
Initial value 1 1 1 1 1 1 1 1 

limer Control/Status G4H G5H 7 6 5 4 3 2 1 0 

Register Channel O: Bit name I CMF I ECMI I - ! TME I - I - I - I - I 
TCSR Channel 0 Read/Write R RIW - R/W - - - -

Initial value 0 0 0 0 0 0 0 0 

I I 
Comeare match flag Timar enable 

O: TCNT and TCON R O: Stops incrementation 
are not equal 1 Starts incrementation 

1: TCNT and TCON R 
are equal 

CMF interruet enable 

o: Disable 
1: Enable 
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Address 

CPU CPU 
Mode Mode 

Register 0, 1 2,3 Remarks 

Timer (Channel 0) 

Timer Expand Prescale 65H 64H 7 6 5 4 3 2 1 0 

Register Channel O: Bit name 
I - I - I - I - I - IEcKs2IEcKs1 IEcKs~ 

TEPR Channel 0 Read/Write - - - - - RiW RiW RIW 
Initial value 0 0 0 0 0 0 0 0 

1 . 
Expand clock input select 
000: BC 
001· BC/2 
010: BC/4 
011: BC/8 
100: BC/16 
101: BC/32 
110: BCl64 
111: BC/128 

Not used 66H 67H 

Not used 67H 66H 

Timer (Channel 1) 

Timer up-counter Channel 68H 69H 7 6 5 4 3 2 1 0 

1: TC NTL Channel 1 I I I I I I I I I 
Read/Write RiW R/W RiW RiW RIW RIW RIW RIW 
Initial value 0 0 0 0 0 0 0 0 

Timer up-counter Channel 69H 
15 14 13 12 11 10 9 8 

68H 
I I I I I I I I I 1: TC NTH Channel 1 

Read/Write RIW RIW RIW RIW RIW R/W RIW R/W 
Initial value 0 0 0 0 0 0 0 0 

Timer Constant Register 6AH 6BH 
7 6 5 4 3 2 1 0 

Channel 1: TCONRL I I I I I I I I I 
Channel 1 Read/Write RIW RIW RIW RIW RIW RIW RIW R/W 

Initial value 0 0 0 0 0 0 0 0 

Timer Constant Register 6BH 6AH 
15 14 13 12 11 10 9 8 

Channel 1: TCONRH I I I I I I I I I 
Channel 1 Read/Write w w w w w w w w 

Initial value 1 1 1 1 1 1 1 1 
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Address 

CPU CPU 
Mode Mode 

Register 0, 1 2,3 Remarks 

Timer (Channel 1) 

Timer Control/Status GCH GOH 7 6 5 4 3 2 1 0 

Register Channel 1: Bit name I CMF I ECMI I - I TME I - I - I - I - I 
TCSR Channel 1 Read!Wr~e R RtW - RtW - - - -

Initial value 0 0 0 d 0 0 0 0 

I I 
Comeare match flag Timer enable 

a: TCNT and TCONR O: Stops incrementation 
are not equal 1 : Starts incrementation 

1: TCNT and TCONR 
are equal 

CMF interrupt enable 

0: Disable 
1: Enable 

7 6 5 4 3 2 1 0 
Timer Expand Prescale GOH GCH 

I I I I I 
[EcKs3EcKs1IEcKs~ Register Channel 1: TEPR 

Bit name - - - - -

Channel 1 Read/Wrne - - - - - RtW R!W R/W 
lnnial value 0 0 0 0 0 0 0 0 .. 

T 
Expand clock input select 

000: BC 
001: BC/2 
010: BC/4 
011: BC/8 
100: BC/16 
101: BC/32 
110: BC/64 
111: BC/128 

Not used GEH GFH 

Not used GFH GEH 
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Address 

CPU CPU 
Mode Mode 

Register 0, 1 2,3 Remarks 

Timer (Channel 2) 

Timer up-counter Channel ?OH 71H 7 6 5 4 3 2 1 0 

2: TCNTL Channel 2 I I I I I I I I I 
Read/Write R/W RiW RiW RiW RiW RIW R/W R/W 
Initial value 0 0 0 0 0 0 0 0 

15 14 13 12 11 10 9 8 
Timer up-counter Channel 71H ?OH 

I I I I I I I I I 2: TCNTH Channel 2 
Read/Write R/W RiW R/W RiW R/W R/W RIW R/W 
Initial value 0 0 0 0 0 0 0 0 

7 6 5 4 3 2 1 0 
Timer Constant Register 72H 73H 

I I I I I I I I I Channel 2: TCONRL 
Channel 2 Read/Write R/W RiW RiW RiW R/W R/W R/W R/W 

Initial value 0 0 0 0 0 0 0 0 

Timer Constant Register 73H 72H 15 14 13 12 11 10 9 8 

Channel 2: TCONRH I I I I I I I I I 
Channel2 Read/Write w w w w w w w w 

Initial value 1 1 1 1 1 1 1 1 

Timer Control/Status 74H 75H 7 6 5 4 3 2 1 0 

Register Channel 2: TCSR Bit name I CMF I ECMI I - I TME I - I - I - I - I 
Channel2 Read/Write A RiW - R1W - - - -

Initial value 0 0 0 0 0 0 0 0 

I I 
Comeare match fla~ Timer enable 

O: TCNT and TCONR O: Stops incrementation 
are not equal 1 · Starts incrementation 

1 TCNT and TCON R 
are equal 

CMF interruet enable 

0 Disable 
1 · Enable 
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Address 

CPU CPU 
Mode Mode 

Register 0, 1 2,3 Remarks 

Timer (Channel 2) 

limer Expand Prescale 75H 74H 7 6 5 4 3 2 1 0 

Register Channel 2: TEPR Bit name I - I - I - I - I - IEcKs~EcKs1IEcKs9 
Channel2 Read/Write - - - - - RtW RIW RIW 

lnrtial value 0 0 0 0 0 0 0 0 

Exea1d clock inpul select 
000: BC 
001: BC/2 
010: BC/4 
011· BC/8 
100: BC/16 
101: BC/32 
110: BC/64 
111: BC/128 

Not used 76H 77H 

Not used 77H 76H 

Timer (Channel 3) 

limer up-counter Channel 78H 79H 7 6 5 4 3 2 1 0 

3: TCNTL Channel 3 I I I I I I I I I 
Read/Write RIW RtW R/W RtW R!W RtW RIW RIW 
Initial value 0 0 0 0 0 0 0 0 

15 14 13 12 11 10 9 8 
limer up-counter Channel 79H 78H 
3: TCNTH Channel 3 I I I I I I I I I 

Raad/Write RIW R!W RtW RtW RtW RtW RtW RIW 
Initial value 0 0 0 0 0 0 0 0 

limer Constant Register 7AH 7BH 
7 6 5 4 3 2 1 0 

Channel 3: TCONRL I I I I I I I I I 
Channel 3 Raad/Write R!W RtW R/W R!W RtW RtW R!W R/W 

Initial value 0 0 0 0 0 0 0 0 

limer Constant Register 7BH 7AH 
15 14 13 12 11 10 9 8 

I I 
I 

I I I I I I Channel 3: TCONRH I 
Channel 3 Read/Write w w w w w w w w 

Initial value 1 1 1 1 1 1 1 1 
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Address 

CPU CPU 
Mode Mode 

Register 0, 1 2, 3 Remarks 

Timer (Channel 3) 

Timer Control/Status 7CH 7DH 7 6 5 4 3 2 1 0 

Register Channel 3: Bit name I CMF I ECMI I - I TME I - I -
I 

- I - I 
TCSR Channel 3 Read/Write R R/W - R/W - - - -

Initial value 0 0 0 0 0 0 0 0 

I I 
Q.o'!'E1"'" metch 11~.9 Timer enable 

0 TCNT and TCON R 0: Stops incrementation 
are not equal 1 · Starts incrementation 

1. TCNT and TCON R 
are equal 

CMF interruet_enable 

O: Disable 
1 Enable 

7 6 5 4 3 2 1 0 

Timer Expand Prescale ?DH 7CH Bit name I 
I 

- I - I - I - I - IECKS~ECKS11ECKS~ 
Register Channel 3: TEPR Raad/Write - - - - - R/W R/W R/W 

Channel 3 
Initial value 0 0 0 0 0 0 0 0 

T 
Expand clock input select 

000: BC 
001: BC/2 
010· BC/4 
011: BC/8 
100: BC/16 
101: BCl32 
110: BCl64 
111: BC/128 

Not used 7EH 7FH 

Not used 7FH ?EH 
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Register 

DMAC (Channel 0) 

Destination Address 
Register Channel O: DARL 
Channel 0 Buffer Address 
Register Channel O: BAAL 
Channel 0 

Address 

CPU CPU 
Mode Mode 
o, 1 2,3 

SOH 81H 

Destination Address 81 H SOH 
Register Channel O: DARH 
Channel 0 Buffer Address 
Register Channel O: BARH 
ChannelO 

Destination Address 82H 83H 
Register Channel O: DARB 
Channel O Buffer Address 
Register Channel O: BARB 
ChannelO 

Not used 83H 82H 

Source Address Register 84H 85H 
Channel O: SAAL Channel 
0 (Chain Pointer Base 
Channel O: CPB Channel 0) 

Source Address Register 85H 84H 
Channel O: SARH Channel 
0 (Chain Pointer Base 
Channel O: CPB Channel 0) 

Source Address Register 86H 87H 
Channel O: SAAB Channel 
0 (Chain Pointer Base 
Channel O: CPB Channel 0) 

Not used 87H 86H 

Remarks 

Single-block transfer 
mode 

Chained-block 
transfer mode 

Single-block transfer 
mode 

Chained-block 
transfer mode 
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~ 1615 ffi}' l 1111 I 
" l ']3 

' ' ' ' ' ' ' ' 

DARB DARH DARL 

BARB BARH 
.. ~ 

BAAL 

~ 1615 6TI' l 1111 I 
: : 

SAAB SARH SAAL 

CPB Not used Not used 



Address 

CPU CPU 
Mode Mode 

Register 0, 1 

DMAC (Channel 0) 

Current Descriptor 88H 
Address Register Channel 
O: COAL Channel 0 

Current Descriptor 89H 
Address Register Channel 
O: CDAH Channel 0 

Error Descriptor Address 8AH 
Register Channel O: EDAL 
Channel O 

Error Descriptor Address 8BH 
Register Channel O: EDAH 
ChannelO 

Receive Buffer Length SCH 
Register Channel O: BFLL 
Channel 0 

Receive Buffer Length 8DH 
Register Channel O: BFLH 
Channel 0 

2,3 

89H 

88H 

8BH 

8AH 

8DH 

SCH 

Remarks 

Single-block transfer 
mode 

Chained-block 
transfer mode 

Single-block transfer 
mode 

Chained-block 
transfGr mode 

Single-block transfer 
mode 

Not used Not used 

CDAH COAL 

rill' >< '~ 15 8 7 0 

1111 1111 

Not used Not used 

EDAH EDAL 

Not used Not used 

Not used Not used Chained- l1 M?mory to 
LJ'l'SCI block lransj'"'M"'s""c'-i 10-+~----~--------1 

fer mode mamo_ry_ BFLH BFLL 
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Address 

CPU CPU 
Mode Mode 

Register 0, 1 2,3 

DMAC (Channel 0) 

Byte Count Register SEH SFH 

Channel O: BCRL 
Channel 0 

Byte Count Register SFH SEH 

Channel O: BCRH 
ChannelO 

OMA Status Register 90H 91H 

Channel O: DSR Channel 0 

Remarks 

Em' l '~ ~ 111 i8: 1
l I I I 

0 

: ' ' 

Single-block transfer 
mode 

BCRH BCRL 

Chained-block 
transfer mode 

7 6 5 4 3 2 1 0 

lSingle·block J 1 J I J I 1 1 l transfer mode EOT - - - _ _ DE DWE 

r Cha1ned-blockl I EOMI BOFI coFl 
Ltransfer mode 

Read/Write 
Initial value 

I 
End of transfer 

R/W 

J 
R/W 

0 
R/W RtW 

0 0 0 

I 
Counter overflow 

0: Transfer not completed 
1: Transfer completed 

• Chained-block 
transfer 
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0: No error detected 
1: Error detected 

Buffer overtlow/undertlow 
• Chained-block transfer 
O: No error detected 
1 : Error detected 

End of frame transfer 
• Chained-block transfer 
0: Frame transfer not ccmpleted 
1: Frame transfer completed 

0 
R/W 

0 

I 
DMAenable 
O: Disable 
1 · Enable 

w 
1 

DE bit write enable 
O: Enable 
1: Disable 



Read/Write 
Initial value 

RiW 

0 

I 

RiW 
0 

Transfe~ end interrup_.!_ 
enable 
O: Disable 
1: Enable 

RN/ 
0 

RiW 
0 

ounter overflow 
nterrupt enable UI 

Chained-block transfer mode 
Disable 
Enable 

I 

0 

Frame transfer end interrupt 
enable 

Buffer overilowtunderflow 
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Chained-block transfer mode 
0: Disable 
1: Enable 

interrupt enable 
Chained-block transfer mode 

O: Disable 
1: Enable 



Address 

CPU CPU 
Mode Mode 

Register 0, 1 2, 3 Remarks 

DMAC (Channel 0) 

OMA Command Register 95H 94H 7 6 5 4 3 2 1 0 

Channel O: OCR Channel O [Single-block J -1-1 -1 -1 -1 -1DCMD1DC1 transfer mode 

r Chained-blockj 
transfer mode 

Read/Write - - - - - - w w 
Initial value - - - - - - - -

Command specification 

01 : Software abort 
10: Frame end interrupt 

counter cleared 
Others: Reserved 

Not used 96H 97H 

Not used 97H 96H 

Not used 98H 99H 

Not used 99H 98H 

Not used 9AH 9BH 

Not used 9BH 9AH 

Not used 9CH 90H 

Not used 90H 9CH 

Not used 9EH 9FH 

Not used 9FH 9EH 
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Register 

DMAC (Channel 1) 

Destination Address 
Register Channel 1: DARL 
Channel 1 Buffer Address 

Register Channel 1: BARL 

Channel 1 

Destination Address 
Register Channel 1: DARH 
Channel 1 Buffer Address 
Register Channel 1: BARH 

Channel 1 

Address 

CPU CPU 
Mode Mode 
0, 1 2, 3 

AOH A1H 

A1H AOH 

Destination Address A2H A3H 

Register Channel 1: DARB 
Channel 1 Buffer Address 

Register Channel 1: BARB 
Channel 1 

Not used A3H A2H 

Source Address Register 

Channel 1: SARL Channel 
1 (Chain Pointer Base 

Channel 1: CPS Channel 1) 

A4H ASH 

Source Address Register ASH A4H 

Channel 1: SARH Channel 

1 (Chain Pointer Base 
Channel 1: CPB Channel 1) 

Source Address Register ASH A7H 
Channel 1: SARB Channel 

1 (Chain Pointer Base 
Channel 1: CPB Channel 1) 

Not used A7H ASH 

Remarks 

: 
Single-block transfer DARB OARH DARL 

mode_~·-----+-------;----------_;_~-----< 
Chained-block 
transfer mode 

Single-block transfer 
mode 

BARB 

r-, l 23 1615 

l I I I I I I I 
SARB 

BARH BARL 

" '~ 8 7 0 

111111 1111 

SARH SARL 

----------+--------:--------+------1 
Chained-block 
transfer mode 
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CPB Not used Not used 



Address 

CPU CPU 
Mode Mode 

Register 0, 1 2,3 

DMAC (Channel 1) 

Current Descriptor ASH A9H 
Address Register Channel 
1: COAL Channel 1 

Current Descriptor A9H ASH 
Address Register Channel 
1: CDAH Channel 1 

Error Descriptor Address AAH ABH 
Register Channel 1: EDAL 
Channel 1 

Error Descriptor Address 
Register Channel 1: EDAH 
Channel 1 

Not used 

Not used 

Byte Count Register 
Channel 1: BCRL 
Channel 1 

Byte Count Register 

Channel 1: BCRH 
Channel 1 

ABH AAH 

ACH ADH 

ADH ACH 

AEH AFH 

AFH AEH 

Remarks 

r-H-:t-C~ 
~5 1 I l l l l 18i71 111 ° 

: : 

Single-block transfer Not used Not used mode 

Chained~block 

transfer mode CDAH COAL 
: 

ni-Im' IBj 5 8 7 0 

1111 I 
' ' 

Single-block transfer 
mode 

f-------------+----------;-------< 

Not used Not used 

Chained-block 
transfer mode EDAH EDAL 

~-5 H--st-'~ 

1111111111111 

Single-block transfer1 
mode 

1---------~-1 
Chained-block 
transfer mode j 
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BCRH BCRL 



Address 

CPU CPU 
Mode Mode 

Register 0, 1 2,3 

DMAC (Channel 1) 

OMA Status Register BOH B1H 
Channel 1: OSR Channel 1 

OMA Mode Register B1H BOH 
Channel 1 : OMR Channel 1 

Not used B2H B3H 

Remarks 

Single-block 
transfer mode 
Chained-block 
transfer mode 

Read/Write 
Initial value 

£.!:!d of transfer 

6 5 4 

EOT >---+---+-----' 
EOM BOF COF 

RIW RIW R/W RIW 

0 0 0 0 

I 

3 2 

0 

DE 

RIW 

0 

I 

0 

w 

O: Transfer not completed 
1: Transfer completed 

Counter overflow 

Chained-block 
transfer 

DMAenable 
O: Disable 
1: Enable 

Single-block 
transfer mode 
Chained-block 
transfer mode 

Read/Write 
Initial value 

0: No error detected 
1: Error detected 

Buffer overtlowlundertlow 

Chained-block transfer 
O: No error detected 
1: Error detected 

£nd of frarrnUrfillsfer 
Chained-block transfer 

O: Frame transfer not completed 
1: Frame transfer completed 

2 

TMOD 
r-NF 

DE bit wrtte enable 

0: Enable 
1: Disable 

0 

CNTE 

RIW RIW RIW 

0 0 0 0 0 

~ 
DMA transfer mode Number of DMA frames 

Chained-block transfer 
O: Single frame 

O: Single-block transfer 
1: Chained-block transfer 
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1 : Multi-frame 

Frame end interrupt counter (FCT) 
enable/disable 
• Single-block transfer 
Set this bit to 0 

Chained-block transfer 
O: Frame end interrupt counter (FCT) disabled 
1: Frame end interrupt counter (FCT) enabled 



Register 

DMAC (Channel 1) 

Frame End Interrupt 
Counter Channel 1: FCT 
Channel 1 

OMA Interrupt Enable 
Register Channel 1 : DIR 
Channel 1 

Address 

CPU CPU 
Mode Mode 
0, 1 2,3 

B3H B2H 

B4H B5H 

Remarks 

7 6 5 

Single-block 
transfer mode 
Chained-block 
transfer mode 

Read/Write 
Initial value 0 0 

7 6 5 

Single-block 
transfer mode 

EOTE Chained-block 
transfer mode EOME BOFE 

Read/Write R/W R/W 
Initial value 0 

I 
Transfer end interrupt 
enable 
0: Disable 
1: Enable 

0 
RIW 

0 

4 2 0 

FCT3 FCT2 FCT1 FCTO 

R R 
0 

R 
0 

R 
0 

Frame end interrupt counter (FCT) value 

4 

COFE 

R/W 
0 0 

I 
Counter overflow 
interrupt enable 

2 

0 0 

Chained-block transfer mode 
O: Disable 
1: Enable 

0 

0 

Frame transfer end interrupt 
enable 

Buffer overflow/underllow 
interrupt enable 
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• Chained-block transfer mode 
0: Disable 
1: Enable 

Chained-block transfer mode 
o: Disable 
1: Enable 



Address 

CPU CPU 
Mode Mode 

Register 0, 1 2,3 Remarks 

DMAC (Channel 1) 

OMA Command Register B5H B4H 7 6 5 4 3 2 1 0 

Channel 1: OCR Channel 1 
[Single-block j J l l J l ] J ~ transfer mode _ _ _ _ _ _ OCMD1 DCM 
[ Cha1ned-blocj 
transfer mode 

Read/Write - - - - - - w w 
Initial value - - - - - - - -

--i-
Command specification 
01: Software abort 
10: Frame end interrupt 

counter cleared 
Others: Reserved 

Not used B6H B?H 

Not used B?H B6H 

Not used B8H B9H 

Not used B9H B8H 

Not used BAH BBH 

Not used BBH BAH 

Not used BCH BOH 

Not used BOH BCH 

Not used BEH BFH 

Not used BFH BEH 
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Address 

CPU CPU 
Mode Mode 

Register 0, 1 2, 3 Remarks 

DMAC (Channel 2) 

Destination Address COH C1H till' l H l' '~ Register Channel 2: DARL 
Channel 2 Buffer Address 

~ 1615 

11111 1
8

: 
1 

I I I I 
0 

1111 I 

Register Channel 2: ' ' ' ' ' ' ' ' 
BARLChannel 2 Single-block transfer 

mode DARB DARH DARL 

Chained-block 
BARB BARH BARL 

Destination Address C1H COH transfer mode 

Register Channel 2: DARH 
Channel 2 Buffer Address 
Register Channel 2: BARH 
Channel2 

Destination Address C2H C3H 

Register Channel 2: DARB 
Channel 2 Buffer Address 
Register Channel 2: BARB 
Channel2 

Not used C3H C2H 

Source Address Register till' 1' 
H 

'I' '~ 
C4H CSH 

Channel 2: SARL Channel 
11111 

~ 1615 

1
8

: 
1 

I I I I 
0 

2 (Chain Pointer Base 1111 I 

Channel 2: CPB Channel 2) : : : 

Single-block transfer SARB SARH SARL mode 

Source Address Register C5H C4H Chainod-block 
CPB Not used Not used 

Channel 2: SARH Channel 
transfer mode 

2 (Chain Pointer Base 
Channel 2: CPB Channel 2) 

Source Address Register C6H C7H 
Channel 2: SARB Channel 
2 (Chain Pointer Base 
Channel 2: CPB Channel 2) 

Not used C7H C6H 
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Address 

CPU CPU 
Mode Mode 

Register 0, 1 2,3 

DMAC (Channel 2) 

Current Descriptor C8H C9H 
Address Register Channel 
2: COAL Channel 2 

Current Descriptor C9H C8H 
Address Register Channel 
2: CDAH Channel 2 

Error Descriptor Address CAH CBH 
Register Channel 2: EDAL 
Channel2 

Error Descriptor Address CBH 
Register Channel 2: EDAH 
Channel 2 

CAH 

Receive Buffer Length CCH CDH 
Register Channel 2: BFLL 
Channel 2 

Receive Buffer Length CDH CCH 
Register Channel 2: BFLH 
Channel 2 

Remarks 

Single-block transfer 
mode 

Chained-block 
transfer mode 

Single-block transfer 
mode 

~H-f-'Ia 5 8 7 0 

c11111111 
Not used Not used 

CDAH CDAL 

~"->/<'-L~ s s 17 o 

l I I I I I I I I , 
' 

Not used Not used 

-···-·------1·--------~------l 

Chained-block 
transfer mode 

Single-block transfer 
mode 

EDAH EDAL 

fill; 11[! 11; I~ 
Not used Not used 

Chained· ]Memory to Not used Not used 
block ~ans- ~~8: 10--r----------+-------1 
fer mode memo.ri_ BFLH BFLL 
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Register 

DMAC (Channel 2) 

Byte Count Register 
Channel 2: BCRL 
Channel 2 

Byte Count Register 
Channel 2: BCRH 

Channel2 

OMA Status Register 
Channel 2: DSR 
Channel 2 

Address 

CPU CPU 
Mode Mode 
0, 1 2,3 

CEH CFH 

CFH CEH 

DOH 01H 

Remarks 

6TI"ill't-'~ 5 8 7 0 

I 1111 

Single-block transfer 
mode 
··---~----

Chained-block 
transfer mode 

BCRH BCRL 

7 6 5 4 3 2 1 0 

[~;n~f~~~~~eJ EQT 1 - I - I - J - J -J DE I DWEJ r Cha1ned-blockl [ I I 1 
Ltransfer model EOM BOF COF 

Read/Write 
Initial value 

I 
End of transfer 

RiW R/W 

0 
RiW RIW 

0 0 

I 

O: Transfer not completed 
1: Transfer completed 

Counter overllow 

Chained-block 

transfer 
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0: No error detected 
1 · Error detected 

Buffer overllow/underflow 

Chained-block transfer 
0: No error detected 
1. Error detected 

Chained-block transfer 

O: Frame transfer not completed 

1: Frame transfer completed 

-
0 

R/W w 
0 1 

I 
DMAenable 

O: Disable 
1 · Enable 

DE bit write enable 

O: Enable 
1. Disable 



Address 

CPU CPU 
Mode Mode 

Register 0, 1 2, 3 

DMAC (Channel 2) 

OMA Mode Register D1H DOH 
Channel 2: DMR 
Channel 2 

Not used D2H D3H 

Frame End Interrupt 03H D2H 
Counter Channel 2: FCT 
Channel 2 

OMA Interrupt Enable 04H D5H 
Register Channel 2: 
DIR Channel 2 

Remarks 

7 6 4 3 0 

Single-block 
transfer mode 
Chained-block 

TMOD CNTE 

transfer mode 

Read/Write RIW R/W R/W 

Initial value 0 0 0 0 0 0 0 0 

~ 
OMA transfer mode Number of OMA frames 
0: Single-block transfer • Chained-block transfer 
1 : Chained-block transfer 0: Single frame 

1: Multi-frame 

Frame end in1erruet counter !FCT) 
enable/disable 
• Single-block transfer 
Set this bit to O 
• Chained-block transfer 
O: Frame end interrupt counter (FCT) disabled 
1 : Frame end interrupt counter (FCT) enabled 

7 6 5 4 2 0 

Single-block 
transfer mode 
Chained-block 

FCT3 FCT2 FCT1 FCTO transier mode 

Read/Write R R R R 
lnltial value 0 0 0 0 0 0 0 0 

Frame end interrupt counter (FCT) value 

6 5 0 

Single-block 
transfer mode 

EOTE 
Chained-block 

EOME BOFE COFE transfer mode 

Read/Write R/W R/W R/W RtW 

lnltial value 0 0 0 0 0 0 0 

I I 
Transfer end interrupt Counter overtlow 
enable ----- interrupt enable 
0: Disable Chained-block transfer mode 
1: Enable o: Disable 
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1: Enable 

Frame transfer end interrupt 
enable 

Chained-block transfer mode 
O: Disable 
1: Enable 

Buffer overllow/undertlow 
interrupt enable 

Chained-block transfer mode 
o: Disable 
1: Enable 



Address 

CPU CPU 
Mode Mode 

Register 0, 1 2,3 Remarks 

DMAC (Channel 2) 

OMA Command Register D5H D4H 7 6 5 4 3 2 1 0 

Channel 2: OCR l Single-block J -I -I -I -I - I - IDCMDIDCMj transfer mode 

Channel 2 [Chai ned-blockJ 
transfer mode 

Read/Write - - - - - - w w 
Initial value - - - - - - - -

~ 
Command specification 
01: Software abort 
10: Frame end interrupt 

counter cleared 
Others: Reserved 

Not used D6H D?H 

Not used D?H D6H 

Not used D8H D9H 

Not used D9H D8H 

Not used DAH DBH 

Not used DBH DAH 

Not used OCH DOH 

Not used DOH OCH 

Not used DEH DFH 

Not used DFH DEH 
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Address 

CPU CPU 
Mode Mode 

Register 0, 1 2,3 Remarks 

DMAC (Channel 3) 

Destination Address EOH E1H 61' l H l 'lid Register Channel 3: DARL 
Channel 3 Buffer Address 

~ 1615 

11111 1 8 ; 11111~ 11111 I 
Register Channel 3: BAAL : : 
Channel 3 Single-block transfer 

mode 
DARB DARH DARL 

1--------- : : Chainad-block 

Destination Address E1H EOH transfer mode BARB BARH BARL 

Register Channel 3: DARH 
Channel 3 Buffer Address 
Register Channel 3: BARH) 

Destination Address E2H E3H 
Register Channel 3: DARB 
Channel 3 Buffer Address 
Register Channel 3: BARB 
Channel 3 

Not used E3H E2H 

Source Address Register E4H ESH 

f11-1l111'111!;111111 !lid Channel 3: SAAL Channel 
3 (Chain Pointer Base 
Channel 3: CPB Channel 3) 

I ' I I 
J J I I 

Singla-block transfar 
SARB SARH SARL mode 

Source Address Register ESH E4H Chainad-block 
CPB 

Channel 3: SARH Channel 
transfer mode Not used Not usad 

3 (Chain Pointer Base 
Channel 3: CPB Channel 3) 

Source Address Register E6H E?H 

Channel 3: SAAB Channel 
3 (Chain Pointer Base 
Channel 3: CPB Channel 3) 

Not used E?H E6H 
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Address 

CPU CPU 
Mode Mode 

Register 0, 1 

DMAC (Channel 3) 

Current Descriptor ESH 
Address Register Channel 
3: COAL Channel 3 

Current Descriptor E9H 
Address Register Channel 
3: CDAH Channel 3 

Error Descriptor Address EAH 
Register Channel 3: EDAL 
Channel3 

Error Descriptor Address EBH 
Register Channel 3: EDAH 
Channel 3 

Not used 

Not used 

Byte Count Register 
Channel 3: BCRL 
Channel 3: 

Byte Count Register 
Channel 3: BCRH 
Channel3 

ECH 

EDH 

EEH 

EFH 

2,3 

E9H 

ESH 

EBH 

EAH 

EDH 

ECH 

EFH 

EEH 

Remarks 

Single-block transfer 
mode 

Chained-block 
transfer mode 

Single-block transfer 
mode 

Chained-block 
transfer mode 

Single·block transfer 
mode 

!--·--------

Chained-block 
transfer mode 
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Not used Not used 

CDAH COAL 

t-H-r-L~ 5 8 7 0 

11111111111. 

Not used Not used 

EDAH EDAL 

rn1;111t-11 ~~ 
: 

BCRH BCRL 



Address 

CPU CPU 
Mode Mode 

Register o, 1 2,3 Remarks 

DMAC (Channel 3) 

OMA Status Register FOH F1H 7 5 4 2 0 

Channel 3: OSR Channel 3 Single-block 
transfer mode OWE 
Chained-block EOT DE 

transfer mode EOM BOF COF 

Read/Write RIW RIW RIW RIW RIW w 
Initial value 0 0 0 0 0 0 0 

I I 
End of transfer Counter overflow OMA enable 
0: Transfer not completed Chained-block O: Disable 
1: Transfer completed transfer 1: Enable 

0: No error detected 
1 : Error detected 

Buffer overflow/underflow DE bit write enable 
• Chained-block transfer 0: Enable 
O: No error detected 1: Disable 
1: Error detected 

£.nd of frjlme transfer 
Chained-block transfer 

O: Frame transfer not completed 
1: Frame transfer completed 

OMA Mode Register F1H FOH 6 5 3 2 0 

Channel 3: OMR Channel 3 Single-blodk 
transfer mode 
Chained-block 

TMOD CNTE 

transfer mode 

Read/Write RIW RIW R/W 
Initial value 0 0 0 0 0 0 0 0 

___J ~ 
OMA transfer mode Numb!!.!_.QLPMA frames 
O: Single-block transfer • Chained-block transfer 
1: Chained-block transfer 0: Single frame 

1 : Multi-frame 

Frame end interrupt counter (FCT) 
enable/disable -----
• Single-block transfer 
Set this bit to O 
• Chained-block transfer 
O: Frame end interrupt counter (FCT) disabled 
1: Frame end interrupt counter (FCT) enabled 

Not used F2H F3H 
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Transfer end interrupt ;n;t;1;--------
0: Disable 
1 Enable 

I 

I Q.QuntQI ovelflow 
interrupt enaE~ 

Chained-block transfer mode 
0 Disable 
1 Enable 

-------1 
Frame ~~~~~~~~_n_d in~~__!_ ~-ilJ!~!._9_Ye_rflow/underflow 

427 

Chained-block transfer mode 

O: Disable 
Enable 

Chained-block transfer mode 
Disable 
Enable 



Address 

CPU CPU 
Mode Mode 

Register 0, 1 2,3 Remarks 

DMAC (Channel 3) 

OMA Command Register FSH F4H 7 6 5 4 3 2 1 0 

Channel 3: DCR ~le-block~ ] -l -1 -1 -1 -1DCM+C4 sfermode 

Channel 3 med-block -
sfer mode 

Read/Write - - - - - - w w 
Initial value - - - - - - - -

---i-
Command specification 
01 : Software abort 
1 O: Frame end interrupt 

counter cleared 
Others: Reserved 

Not used F6H F?H 

Not used F?H F6H 

Not used FSH F9H 

Not used F9H FSH 

Not used FAH FBH 

Not used FBH FAH 

Not used FCH FDH 

Not used FDH FCH 

Not used FEH FFH 

Not used FFH FEH 
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