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PREFACE

The HD64180S, network processing unit (NPU), provides multipurpose high-speed
communication control functions on a single LSI chip. The HD64180S offers high
performance communication protocol processing, as well as user system application
processing, at a low cost.

Built-in features, such as an 8-bit CPU, 2 serial I/O channels, and a direct memory
access controller (DMAC), support high-speed data transfer by reducing
communications overheads.

The HD64180S has a variety of applications. It can be used as a communication
subsystem processor or as a controller in a distributed control system for industrial
robots.

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

This manual describes HD64180S hardware. For details about programming
instructions refer to the HD64180 Programming Manual (#U92).






How to Use This Manual

This User's Manual provides details about the performance and functions of the
HD64180S in addition to information about possible applications. For details about
the communication protocols supported by the HD64180S, please refer to published
documents.

Section Contents
This manual consists of fourteen sections and seven appendices.

- Section 1 Overview
This section outlines the internal configuration and functional blocks (CPU, MSCI,
ASCI/CSIO, DMAC, etc.) of the HD64180S, and gives sample applications.

— Section 2 Pin Assignments and Signal Descriptions

- Section 3 CPU
This section provides details about the architecture of the built-in CPU, basic
operation timing, and chip operating modes (sleep, system stop, etc.). Information
about CPU interrupt processing, memory management functions, and associated
registers is also provided.

—~ Section 4 MSCI
This section gives a general description of the asynchronous, byte synchronous, and
bit synchronous communication protocols supported by the built-in multiprotocol
serial communications interface (MSCI). It describes how to set registers for
various communication functions.

- Section 5 ASCI/CSIO
This section provides a general description of the asynchronous and clock
synchronous communication protocols supported by the built-in asynchronous
serial communication interface/clocked serial I/O port (ASCI/CSIO). It also
describes how to set registers for various communication functions.



— Section 6 DMAC
This section explains the single- and chained-block transfer modes supported by the
built-in direct memory access controller (DMAC). Descriptions of internal register
functions and its setting are also given.

— Section 7 Timers
This section describes built-in timer functions, such as external event signal
counting and square waveform generation. Descriptions of internal register
functions are also given.

~ Section 8 Refresh Controller
This section provides information about the built-in refresh controller which makes
programming of the DRAM refresh cycle. Descriptions of internal register
functions are also given.

— Section 9 Wait Controller
This section describes the built-in wait controller which inserts wait states during
memory access to one of three physical address spaces or during I/O accesses.
Details about the associated internal registers and WAIT pin are also provided.

— Section 10 Chip Select Control
The chip select pins (CSo, CS1, and CS2) which indicate access to one of three
physical address spaces are described in this section.

— Section 11 Low Power Dissipation Modes
This section describes the low power dissipation modes (sleep and system stop).

— Section 12 Oscillator Circuit
This section explains the clock supply function and shows how to connect a crystal
resonator to the built-in oscillator circuit. This section also gives details about

board design and using an external clock.



— Section 13 Electrical Specifications
This section lists the electrical characteristics (absolute maximum ratings,
recommended operating conditions, DC and AC characteristics) and provides
timing diagrams.

— Section 14 Package Dimensions
This section shows the dimensions of the HD64180S package.

See sections 1, 4, 5, and 6 for details about the communication functions provided by
the HD64180S.
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Section 1. Overview
1.1 Overview

The HD64180S network processing unit (NPU) contains a 2-channel serial interface, 8-bit CPU, 2-
channel direct memory access controller (DMAC) with a proprietary chained-block transfer function,
timers, etc., all integrated on a single LSI chip. The HD64180S is thus well suited to multiprotocol
communications processing.

The multiprotocol serial communications interface (MSCI) and the asynchronous serial
communications interface/clocked serial I/O port (ASCI/CSIO) allow high speed data transfer using
various communications protocols.

In particular, the MSCI is capable of handling asynchronous, byte synchronous, and bit synchronous
communications protocols. Since the MSCI is connected to the on-chip DMAG, it is possible to
realize high speed single-address DMA transfer (chained-block transfer) in frame units during bit
synchronous communications. Furthermore, the flexible processing capability of the HD64180S's
CPU ensures compatibility with a wide range of communications protocols.

Table 1-1 lists the major functions of the HD64180S and figure 1-1 shows the block diagram.

Table 1-1. Major Functions of the HD64180S

Item Specifications
CPU * Software-compatible with HD64180Z

« 80 type bus interface

* On-chip MMU (1 Mbyte physical address space)
DMAC « 2 channels

* DMA transfer between memory and memory, memory and I/O
(memory-mapped 1/O), and memory and MSCI

+ Chained-block transfer between memory and MSCI

« Internal interrupt requests available
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Tgble 1-1. Major Functions of the HD64180S (cont.)

Item Specifications

Multiprotocol serial « Full duplex channel
communications interface (MSCI) Asynchronous, byte synchronous (mono-, bi-, or external
synchronous), or bit synchronous (HDLC or loop) selectable
« Transmit/receive control using modem control signals (RTSM,
CTSM, and DCDM)
« Internal Advanced Digital PLL (ADPLL)
clock extraction

receive data and/or receive clock noise suppression
* On-chip baud rate generator
« Internal interrupt requests available
¢ Maximum transfer rate 7.1 Mbps (with 10 MHz clock)

Asynchronous serial « Full duplex channel
communications interface/clocked ¢ Asynchronous or clocked serial mode (selectable)
serial /O port (ASCI/CSIO) « Transmit/receive control using modem control signals (RTSA,
CTSA, and DCDA)
» On-chip baud rate generator
« Internal interrupt requests available

Timers * 2 channels
* 8-bit reloadable up-counter
« Output waveform generator and external event count functions
« Internal interrupt requests available

Interrupt controller * Four external interrupt lines (NMI, INTo, INT1, and INT2)
« Fifteen internal interrupt sources

Memory access support function < Internal refresh controller
« Internal wait state controller
« Internal chip-select controller

Other functions * On-chip clock oscillator circuit
» Low power dissipation modes (sleep-and system stop)

Type of Products
Product Name Max. Operating Frequency Package
HD64180SCP6 6.17 MHz
HD64180SCP8 8 MHz CP-84 (84-pin PLCC)
HD64180SCP10 10 MHz
HD64180SH6 6.17 MHz
HD64180SH8 8 MHz FP-80A (80-pin QFP)
HD64180SH10 10 MHz
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Figure 1-1. Block Diagram of the HD64180S
HITACHI

3



1.2 Applications
1.2.1 Position in Product Line

The HD64180S's on-chip CPU (software-compatible with the HD64180Z) is capable of processing
both communications protocols and user application programs. If the on-chip CPU is programmed for
use mainly as a communications processor, application processing can be carried out by another CPU.
Figure 1-2 illustrates this concept.

o}
o
O
k]
o
I
100% T
/ 5
HD64180S S
On-chip CPU a
processing capability 5
S
Communications protocol processing o
0%
CPU oriented to application processing CPU oriented to communications
protocol processing

Figure 1-2. Allocating CPU Processing Capability

For example, the HD64180S's CPU can be used mainly for communications protocol processing to
provide various communications functions for a host CPU. This is suitable in situations requiring
high-speed data transfer and/or complicated protocol processing. In this case, a flexible interface can
be configured with the host CPU by selecting appropriate software and 1/O devices.

On the other hand, the HD64180S's CPU can be used for application processing (i.e., when data
transfer occurs infrequently and/or at low speeds). In this case, the MSCI, ASCI/CSIO, and DMAC in
the HD64180S can process the communications data so as to reduce CPU overhead.

Thus the HD64180S can be used in a wide range of applications—from small-scale configurations
containing two or three chips to large-scale configurations containing mass memory and numerous I/O
devices.
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1.2.2 Examples of System Configuration
(1) Data communications system

Figure 1-3 shows a system configured with a data communications subsystem. This system can be
used for communications between computers in a public network or in an office automation (OA)

system.

Local IO Communication lines
Data
Mai communications
Host CPU ain memory 1/0 subsystem subsystem
(with HD64180S)

L [ | ]

System bus

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

Figure 1-4 shows a minimum configuration example for the data communications subsystem
shown in figure 1-3. In this configuration, the host CPU loads the HD64180S control program
from main memory into the dual port RAM (DPRAM). The DPRAM has a transmit buffer,
receive buffer, and communications data status area for interfacing between the host CPU and the
HD64180S. Since the memory area allocated to this subsystem's communications program and
transmit/receive buffers is relatively small, the subsystem is well suited for low-speed, simple
communications protocols.

HITACHI
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Communication lines Memory map

1 Mbyte
T Data communications
q subsystem
A
HD64180S T T
1 kbyte
? Communication data status 1
Transmit buffer =
DPRAM (1 Kbyte) Receive buffer E
Communication control a
program and data
0

Host CPU interface

Figure 1-4. Example of Data Communications Subsystem
(minimum configuration)

Figure 1-5 shows an extended communications subsystem for complex protocol processing and high-
speed data transfer. This subsystem incorporates external memory and two stages of transmit/receive
buffers. The HD64180S control program is loaded into external memory. This subsystem is easily

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

Communication lines

2 Data communications subsystem 1 Mbyte Memory map
) Communications control
External memory program and data
(SRAM or DRAM) j Externa!
- T memory
HD64180S
[2 kbyte-1 Mbyte] A Communication data status J..
T T Transmit/Receive buffer T
Al 1 Kbyte
Communications data status
DPRAM (1 kbyte)
T Transmit buffer
-— 1 DPRAM
Host CPU interface
Receive buffer
0

Figure 1-5. Example of Data Communications Subsystem
(extended configuration)
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(2) Distributed control system

Figure 1-6 shows an example in which the HD64180S is used as a distributed control device. This
configuration can be used for controlling industrial machinery or for communicating between control
devices of automobiles, OA systems, point-of-sales (POS) terminals, etc.

Communications network
for control devices

Distributed.
Distributed Distrbuted z’xi’t‘gﬂggfgos)
control device — control device
(with HD64180S) Distributed (with HD64180S) )
control device X
| (with HD64180S) T Data processing
. 3 . and 1/O processing
Data processing 1 Data processing

1/0 processin and I/O processin
and /o p 9 Data processing P N9

and /O processing

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

Figure 1-7 shows the internal configuration of the distributed control devices shown in figure 1-6. In
this configuration, the HD64180S is directly connected to an I/O device, and the external memory
(EPROM and RAM) contains the HD64180S control program and application programs. This simple
system also allows high-speed data processing by providing direct access to up to 1 Mbyte of memory
space including the data/stack and transmit/receive buffer areas.

HITACHI
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N Distributed control device
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External memory 1 Mbyte
(EPROM and RAM)
s ' Data/Stack area
HDe&4180 [4 Kbyte—1 Mbyte] 1 1 g
) T T T
v
Transmit/Receive buffer
Dedicated I/O device
Communication <
0 control program 8
v Application processin a
Local /0 function pr';‘;ram P 9| |w
0

Figure 1-7. Internal Configuration of a Distributed Control Device Using the HD64180S
In the two configuration examples given above, the HD64180S is used either as a part of a data

communications subsystem or as a distributed control device. In addition, the HD64180S can be used
with various kinds of communications equipment.
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Section 2. Pin Assignments and Signal Descriptions

2.1 Pin Assignments

Figure 2-1 shows the pin assignments for the HD64180S.
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Figure 2-1(a). Pin Assignments (CP-84)
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Figure 2-1(b). Pin Assignments (FP-80A)
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2.2 Signal Descriptions

2.2.1 Power Supply
Pin

Number

Symbol  CP-84 FP-80A

Input/
Output  Remarks

Vce 1,19,29, 8,41,71 Input +5V power supply: All V¢c pins must be
43, 54 connected to the +5V system power supply.
Vss 4, 36, 24,29, 35, Input Ground: All Vgg pins must be connected to the
41, 48, 60, 74 system ground.
63, 74

Note: To minimize potential difference in the chip, use the shortest possible lead length to the Vcc and Vss pins.

2.2.2 Clock
Pin
Number Input/
Symbol CP-84 FP-80A Output Remarks
XTAL 2 72 Input Crystal resonator input: The input frequency must be
double that of the ¢ clock. '
When the EXTAL pin is connected to an external
clock, the XTAL pin should be left floating.
EXTAL 3 73 Input Crystal resonator or external clock input: The input
frequency must be double that of the ¢ clock. Figures
2-2 and 2-3 show crystal resonator and external clock
connection diagrams, respectively.
@ 84 70 Output System clock: Supplies the ¢ clock to peripheral

devices.
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| |
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Figure 2-2. Example of Crystal Resonator Connection

EXTAL 3—— | I | | l l External clock input

1
XTAL T Floating

Figure 2-3. Example of External Clock Connection

2.2.3 Reset Line

Pin

Number Input/
Symbol CP-84 FP-80A QOutput

Remarks

RESET 17 6 Input

Reset: When this line is driven active low for 6 or more
clock cycles, the HD64180S enters the reset mode and
all functions are reset.
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2.2.4 Address Lines
Pin
Number Input/
Symbol CP-84 FP-80A Output Remarks

Ag-Ajg  30-35, 18-23, Output Address bus: This 20-bit address bus supports
37-40, 25-28, (Three 1Mbyte of memory and a 64kbyte (16-bit address

42, 30-34, State) width) I/0 space. The address bus goes to high
44-47, 36-40 impedance during:
49-53 ® Reset mode

® Passing control of the bus to another device (the
HD64180S is placed in the bus release mode when the

BUSREQ line is asserted).
2.2.5 Data Lines
Pin
Number Input/
Symbol CP-84 FP-80A Output Remarks
Dop-Dy 55-62 42-49 Input/ Data bus: The 8-bit handles bi-directional
Output data passing (input and output of data.)
(Three
State)
2.2.6 Memory and I/O Interface Lines
Pin
Number Input/
Symbol CP-84 FP-80A Output Remarks
RD 25 14 Output Read: This line is asserted during read cycles.
(Three When this line is driven active low, the data lines are
State) used as inputs.
WR 26 15 Output Write: This line is asserted during write cycles.
(Three When this line is driven active low, the data lines
State) are used as outputs.

12 HITACHI



Pin
Number Input/

Symbol CP-84 FP-80A Output Remarks

ME 27 16 Output Memory enable: This line is used to indicate a
(Three memory read or write operation. It is asserted in the
State) following cases:

« Instruction fetch, operand read, and memory
read/write instructions

* Memory access during DMA cycles

* Refresh cycles

I0E 28 17 Output I/O enable: This line is used to indicate an I/O
(Three read/write operation. It is asserted in the following
State) cases:
* I/O read/write instructions
* I/O access during DMA cycles
« INTo acknowledge cycles
WAIT 12 1 Input Wait: This line is used to extend either memory or I/O

read/write cycles. If this line is low at the falling edge
of a T2 state, a Tw state is inserted. If the line is still
low at the falling edge of the inserted TW state, an
additional Tw state is inserted. This process is
repeated until the signal level on this line is high at the

falling edge.
CSo 9 79 Output Chip select: These lines are used to access one of the
CS1 10 80 Output three physical address areas: PAL, PAM, and PAH.
CS2 11 — Output The partition of the physical address space is the same
as that of wait controllers.
Physical address Signal
area accessed asserted
1 PALarea CSo
(lower physical address area)
2 PAMarea CS1
(middle physical address area)
3 PAHarea CS2

(upper physical address area)
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2.2.7 System Control Lines

Pin

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

Remarks

BUSREQ 18 7 Input

Bus request: This line is asserted by an external device
to request control of the bus. When this line is driven
active low, the internal bus master waits until the end of
the current machine cycle, then places the address lines,
the data lines, and some of the memory I/O interface
lines (RD, WR, ME, and IOE) into the high impedance
state.

BUSACK 20 9 Output

Bus acknowledge: This line is used by the internal bus
master to notify an external device by sending a
BUSACK signal that a BUSREQ signal has been
received and the bus has been released.

HALT 24 13 Output

HALT: This line is asserted whenever a HALT or SLP
instruction is executed. It indicates that the HD64180S
is in the halt, sleep, or system stop mode. This line is
also used in conjunction with the LIR and ST lines to
indicate the status of the CPU and internal DMAC.

LIR 22 11 Output

Load instruction register: This line is asserted during
opcode fetch cycles. This line can also be used to
output the Z80 peripheral LSI interface signal.

ST 21 10 Output

Status: This line is used, together with LIR and HALT,
to indicate the internal status of the HD64180S (see
table).

HALT LIR ST Status

1 1 01 0 CPU active (first byte
of an opcode fetch)
1

*1 The upper value shows the I.Tﬁpin status when the LIRE bit of the operation mode control register is 1, and the lower
value shows the LIR pin status when the LIRE bit is 0.
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Pin
) Number Input/
Symbol CP-84 FP-80A Output Remarks

2 1 02 1 CPU active (second or
third byte of an opcode
fetch)

(3) X1 1 0 DMAC operation

@ 1 1 1 Normal operating mode
(otker than (1), (2),
or (3)
Reset mode

5 0 02 0 Opcode fetch during
halt mode (no
instructions are
executed)

%) 0 1 1 Halt mode (other than
(3)or (5)
Sleep mode (other than
(3»
System stop mode

REF 23 12 Output Refresh: This line is asserted during the DRAM refresh
cycle. During this cycle, the refresh address is output
on the 12 low-order lines (Ao — A11) of the address bus.

*1 X: Don't care
*2 The upper value shows the LR pin status when the LIRE bit of the operation mode control register is 1, and the lower
value shows the LIR pin status when the LIRE bit is 0.

2.2.8 Interrupt Lines

Pin
Number Input/
Symbol CP-84 FP-80A Output Remarks
NMI 13 2 Input Non-maskable interrupt: This line is used to request a

non-maskable interrupt.
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Pin
Number Input/
Symbol CP-84 FP-80A Output Remarks

INTo 14 3 Input Interrupt 0: This line is used to request a level-0
maskable interrupt. There are three different modes for
level-0 interrupts (see table).

Mode Function
0 Executing the instruction on the data
bus
1 Executing the instruction at address
0038H
2 Vector mode
INT1 15 4 Input Interrupt 1 and 2: These lines are used respectively

to request level-1 and level-2 maskable
INT2 16 5 Input interrupts (vector mode).

2.2.9 DMA Lines

Pin R
Number Input/

Symbol CP-84 FP-80A Output Remarks

DREQo 80 66 Input DMA request for channel 0: This line is used to
request a DMA transfer using internal DMAC
channel 0.

DREQ: 81 67 Input DMA request for channel 1: This line is used to
request a DMA transfer using internal DMAC

_channel 1.

TENDo 82 68 Output Transfer end for channel 0: This line is used to indicate
the end of a DMA transfer using internal DMAC
channel 0. It is asserted synchronously with the read
cycle upon the last data transfer.

TEND:1 83 69 Output Transfer end for channei 1: This line is used to indicate

the end of a DMA transfer using internal DMAC
channel 1. It is asserted synchronously with the read
cycle upon the last data transfer.
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2.2.10 Serial I/O (MSCI) Lines

Pin

Number Input/

Symbol CP-84

FP-80A Output

Remarks

TXDM 71

57 Output

Transmit data from the MSCI: This line is used to
output transmit data from the MSCL

RXDM 68

54 Input

Receive data to the MSCI: This line is used to input
receive data to the MSCL

TXCM 170

56 Input/
Output

Transmit clock for the MSCI: This line is used to
input/output the MSCI transmit clock.
Three programmable modes:
Input: < External transmit clock
Output: ¢ Transmit clock from the on-chip baud rate
generator
* Receive clock (used as the transmit clock)

RXCM 69

55 Input/
Output

Receive clock for the MSCI: This line is used to
input/output the MSCI receive clock. This line can also
be used to input the ADPLL operating clock.
Four programmable modes:
Input: < External receive clock
* ADPLL operating clock
Output: * Receive clock extracted by the ADPLL
(when the on-chip baud rate generator is used
as the ADPLL operating clock )
» Receive clock from the on-chip baud rate
generator

RISM 65

51 Output

Request to send for the MSCI: Indicates that the
HD64180S has data to be output to a communications
device such as modem. The output level can be
automatically controlled by MSCI operation (auto-
enable function). This line can also be used as a
general purpose output port.

DCDM 66

52 Input

Data carrier detect for the MSCI: Indicates that a
communications device such as modem is receiving
valid data from the communications line. MSCI receive
operation can be automatically controlled by this input
(auto-enable function). This line can also be used as a
general purpose input port.
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Pin
Number Input/
Symbol CP-84 FP-80A Output

Remarks

CTSM 67 53 Input

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

SYNC 64 50 Input/
Output

Synchronization for the MSCI: This line is used

as an input in the external byte synchronous mode.
Synchronization is established at the falling edge of
SYNC. This line is used as an output in the byte sync
(mono- or bi-) or HDLC mode. It indicates the inverse
of the SYNCD/FLGD bit in MSCI status register 1
(MST1)*. In the asynchronous mode, this line is used
as an input. The input value does not affect operation.

* For details concerning MSCI status register 1 (MST1), see section 4.2.10 "MSCI Status Register 1."

2.2.11 Serial /O (ASCI/CSIO) Lines

Pin
Number Input/
Symbol CP-84  FP-80A Output

Remarks

TXDA 79 65 Output Transmit data from the ASCI/CSIO: This line is used
to output transmit data from the ASCI/CSIO.
RXDA 76 62 Input Receive data to the ASCI/CSIO: This line is used to
input receive data to the ASCI/CSIO.
TXCA 78 64 Input/ Transmit clock for the ASCI/CSIO: This line is used
Output to input/output the ASCI/CSIO transmit clock.
Two programmable modes:
Input:  External transmit clock
Output: + Transmit clock from the on-chip baud rate generator
RXCA 77 63 Input/ Receive clock for the ASCI/CSIO: This line is
Output used to input/output the ASCI/CSIO receive clock. -

Two programmable modes:
Input:  External receive clock
Qutput: Receive clock from the on-chip baud rate generator
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Pin

Number Input/

Symbol CP-84 FP-80A Output Remarks

RTSA 72 58 Output Request to send for ASCI/CSIO: Indicates that the
HD64180S has data to be output to a communications
device such as a modem. The output level can be
automatically controlled by the ASCI/CSIO operation
(auto-enable function). This line can also be used as a
general purpose output port.

DCDA 73 59 Input Data carrier detect for ASCI/CSIO: Indicates that a
communications device such as a modem is receiving
valid signals from the communications line.
ASCI/CSIO receive operation can be automatically
controlled by this input (auto-enable function). This
line can also be used as a general purpose input port.

CTSA 75 61 Input Clear to send for ASCI/CSIO: Indicates that a
communications device such as modem is ready to send
data to the communications line. ASCI/CSIO transmit
operation can be controlled automatically by this input
(auto-enable function). This line can also be used as a
general purpose input port.

2.2.12 Timer Lines

Pin
Number Input/

Symbol CP-84 FP-80A Output Remarks

TINo 5 75 Input Timer inputs for channels O and 1: Event counter
signals are input via these lines.

TIN1 6 76 Input

TOUTo 7 77 Output Timer outputs for channels 0 and 1: Timer signals are
output via these lines.

TOUT1 8 78 Output
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Section 3. Central Processing Unit (CPU)

3.1 Overview
The HD64180S's on-chip CPU features the following:
« Software-compatibility with HD64180Z's CPU

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

« Four external interrupt lines (NMI, INTo, INT1, and INT2) and 15 internal interrupt lines which can
be software enabled/disabled

.

Internal I/O (MSCI, ASCI/CSIO, DMAC, etc.) controlled by I/O instructions
« Three special operation modes (halt, sleep, and system stop)

3.2 Basic CPU Architecture

This section provides details about the CPU internal registers, addressing modes, instruction set, and
the I/O space.

3.2.1 CPU Internal Registers

The CPU has two general register sets (GR and GR') and one dedicated register set. GR and GR' each
consist of one 8-bit accumulator, one 8-bit flag register, and six 8-bit general-purpose registers.

The dedicated register set consists of the interrupt vector register (I), the R counter (R), two index
registers (IX and IY), the stack pointer (SP), and the program counter (PC).

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

Accumulator (A)| Flag register (F)
B register C register
D register E register
H register L register

f«— 8 bits ——}«— 8 bits —»]

GR' register set

Accumulator (A")

Flag register (F')

B'register

C' register

D' register

E'register

H' register

L' register

GR general-purpose registers

GR' general-purpose registers

f— 8bits——>|<— 8 bits —>

Dedicated register set

Interrupt vector | R counter  (R)
register 09)
Index register Ix)
Index register ay)
Stack pointer (SP)
Program counter (PC)
j@a— 16bits — ]

Figure 3-1. Configuration of CPU Internal Registers
Functions of the various registers are explained below.

Accumulators (A and A'): The accumulators are operational registers used for 8-bit arithmetic,
logical, and shift operations. The contents of accumulator A can be replaced with the contents of A'
by executing an EX AF, AF' instruction. Following a reset operation, the values of the A and A'
accumulators are undefined.

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

flag register F can be replaced with the contents of F' by executing an EX AF, AF' instruction.
Following a reset operation, the values of the F and F' registers are undefined.
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7 6 5 4 3 2 1 0

Bit Name S v 4 -1 H -1 PN N c

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

*1 Reserved. These bits can be read/written by a PUSH AF or POP AF instruction, respectively.
*2 Undefined.

!

Bit 7: S (Sign) Flag

S Functions
0 The result of an operation is positive ( MSB = 0)
1 The result of an operation is negative ( MSB = 1)

Bit 6: Z (Zero) Flag

z Functions
0 The result of an operation is not 0
1 The result of an operation is 0

Bit 5: Reserved. This bit can be read/written by a PUSH AF or POP AF instruction, respectively.
Bit 4: H (Half Carry) Flag
H is used for compensation in binary coded decimal (BCD) operations (DAA instruction).

H Functions

0 Neither carry at the fourth bit from the LSB, nor borrow at the fourth bit from the MSB
has occurred.

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

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

Bit 2: P/V (Parity/Overflow) Flag

The P/V bit functions as either a parity or overflow bit. As a parity bit, it shows whether the number
of bits set to 1 in the accumulator after a logical operation is even or odd. As an overflow bit, it shows
whether the result of a signed 8-bit arithmetic operation is between —128 and +127 or whether the
result of a signed 16-bit arithmetic operation is between —32768 and +32767.
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P/V Parity Overflow (8 bit) Overflow (16 bit)
0 Odd Result lies between —128 and +127 Result lies between —32768 and +32767
1 Even  Result lies outside of —128 to +127 Result lies outside of —32768 to +32767

Bit 1: N (Negate) Flag

N Functions
0 Addition instruction (ADD, INC, etc.) has been executed
1 Subtraction instruction (SUB, DEC, CP, etc.) has been executed

Bit 0: C (Carry) Flag

The C bit is set when a carry or borrow at the MSB has been generated by an operation. When neither
carry nor borrow has occurred, this bit is reset. Carries and borrows are categorized as follows:

+ Carry generated by addition

» Borrow generated by subtraction

¢ Carry generated by shift or rotation

C Functions
0 Neither carry nor borrow has been generated at the MSB

1 Carry or borrow has been generated at the MSB

General-Purpose Registers B, C, D, E, H, and L: The six 8-bit general-purpose registers in register
set GR are used for operations and addressing. Registers B and C, D and E, or H and L can be used
together as 16-bit registers. The reset values are undefined.

General-Purpose Registers B', C', D', E', H', and L': The six 8-bit general-purpose registers in
register set GR' function in the same way as registers B, C, D, E, H, and L. They can be used in place
of register set GR. An EXX instruction is used to swap the contents of the GR and GR' general-
purpose registers. The reset values are undefined.

Interrupt Vector Register (I): The interrupt vector register specifies the high order byte of a 16-bit
interrupt vector. This register is used for INTo mode 2, INT1, INT2, and internal interrupts except
TRAP. This register is read or written using LD A, I or LD I, A instructions. By areset, this register
is initialized to 00H. For details about this register, see "Interrupt Vector Register (I)" in section 3.6.2
"Interrupt Control Registers and Interrupt Enable Flags."”

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

significant bit is reserved. This register is read or written using an LD A, R or LD R, A instructions.
The reserved bit can also be read and written. Upon reset, this counter is initialized to 00H.
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Note:  The content of the R counter has no relationship to the refresh address. The refresh address is

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

Index Registers (IX and IY): The 16-bit index registers are used for index addressing and 16-bit
operations.

For index addressing, the base address is loaded into the index register. The effective address of the
data in memory to be accessed is generated by adding a signed 8-bit displacement to the base address.

General-purpose registers (BC, DE), index registers (IX, IY) or the stack pointer (SP) can be used for
the 16-bit operands (xx or yy) of instructions, such as ADD IX, xx or ADD IY, yy, that use index
registers IX and IY. The contents of index register IX and I'Y are undefined by a reset.

Stack Pointer (SP): The 16-bit stack pointer register holds the address of the top of the stack. Itis
initialized to 0000H by a reset.

Program Counter (PC): The 16-bit program counter register holds the logical address of the next
instruction to be executed.

The contents of this register are normally incremented by one each time a 1-byte opcode or operand is
accessed. When a jump instruction is executed, the jump destination address is loaded into this
register. It is initialized to 0000H by a reset.

3.2.2 Addressing Modes

The CPU supports eight addressing modes: implied, register direct, register indirect, indexed,
extended, immediate, relative and I/O.

Implied (IMP) Addressing: In the implied addressing mode, an address location is implied by the
opcode, rather than being stated explicitly within the instruction. Such instructions operate on the
accumulator (A), index registers (IX and IY), stack pointer (SP), general-purpose register HL, and bit
positions specified by opcodes.

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

addressed directly. The g, g', ww, Xx, yy, and zz opcode fields indicate the register. The field codes
and corresponding registers are listed below.
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8-Bit Register Specification

gor g' field Specified Register
0 0 0 B
0 0 1 C
0 1 0 D
0 1 1 E
1 0 0 H
1 0 1 L
1 1 0 -
1 1 1 A

16-Bit Register Specification

ww field Specified Register xx field Specified Register
0 0 BC 0 0 BC

0 1 DE 0 1 DE

1 0 HL 1 0 IX

1 1 Sp 1 1 SP

yy field Specified Register zz field Specified Register
0 0 BC 0 0 BC

0 1 DE 0 1 DE

1 0 1Y 1 0 HL

1 1 SP 1 1 AF

Register Indirect (REGI) Addressing: In the register indirect addressing mode, the contents of two
general-purpose registers indicate the 16-bit memory address.

BC T T
DE —
HL Data

Memory
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Indexed (INDX) Addressing: In the indexed addressing mode, the effective address of the data in
memory is generated by adding a signed 8-bit displacement (d) to the contents of an index register
X orIY).

Opcode 1
Opcode 2 Sign extension
Displacement (d) [ T
o) Data
XorlY .
Memory

Extended (EXT) Addressing: In the extended addressing mode, the 16-bit data address is specified
by the 2-byte operand (m, n) following the opcode.

Opcode

n

2-byte operand T T
m

m P — bata

Memory

Immediate IMMED)Addressing: In the immediate addressing mode, a 1-byte operand (m) or 2-
byte operand (m, n) following the opcode is used as data.

Opcode Opcode
m 1-byte operand
} yie op n l 2-byte operand
m
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Relative (REL) Addressing: The relative addressing mode is only used for jump instructions. A
jump address is generated by adding a signed 8-bit displacement (j) to the contents of the program
counter (PC). For conditional jump instructions, the jump address is only generated when the
specified jump condition is satisfied.

Opcode Sign extension
Displacement (j)
®
[ Program counter (PC) I

/O Addressing: The I/O addressing mode is only used for I/O instructions. The specified address is
handled as an I/O address (IOE = 0). An address is output in one of the following ways:

(1) The operand contents are output to address bus lines Ao — A7, and the accumulator contents are
output to As — A1s.

(2) The C register contents are output to address bus lines Ao — A7, and the B register contents are
output to A8 — A15.

(3) The operand contents are output to address bus lines Ao — A7 and 00H is output to A8 — A15. (This
can be used when accessing an internal I/O register.)

(4) The C register contents are output to address bus lines Ao — A7 and 00H is output to A8 — A15 as an
address. (This can be used when accessing an internal I/O register.)
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3.2.3 Instruction Set
‘The CPU instruction set can be divided into five groups:

¢ Data manipulation instructions
« Data transfer instructions

* Program control instructions

« 1/O instructions

* Special control instructions

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

7 6 5 3 2 1 0
1-byte instruction |0 1 g g LDg,¢g'
7 6 5 3 2 1 0
2-byte instruction |0 0 g 1 1 0 LDg,m
m Immediate data
7 6 S5 4 3 2 1 0
3-byte instruction 1 1 0 1 1 0 LD g, IX+d)
0 1 g 1 1 0
d Displacement
7 6 5 4 3 2 1 O
4-byte instruction 1 1 0 1 1 1 0 1 LD (IX+d), m
o 0 1 1 0 1 1 O
d Displacement
m Immediate data

For details concerning the instruction set, see Appendix A.
Supplemental Explanation: Conditional jump and call instructions

The execution of a conditional jump instruction (JP f, mn) varies according to whether the jump
condition is satisfied or not.
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Consider the following example in which the JP NZ, 6000H instruction is executed (figures 3-2 and 3-3).

5000H JP NZ, (C2H)
5001H 00H
5002H 60H
5003H SLP (EDH)
1 76H 1
6000H LD (32H)
6001H 00H
70H

(The MMU base register value is 00H.)

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

Tt T2 Ta Tt T2 Ts T1 T2 T3 Ti1 T2 Ta Tt

T2

« Uy
Address 5000H 5001H 5002H 6000H
Condition |
is satisfied
Data {CzH‘, ,‘OOH J,GOH \‘32H,‘
Address 5000H 5001H 5003H 5004H
Condition is
not satisfied
Data {C2H) {00H EDH {76H)
= — —

Figure 3-3. Conditional Branch Execution Timing
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If the jump condition is not satisfied in this case, the second byte in memory (m) of the JP f, mn instruction
operand is not read. The number of executed states in this case is 6. Similarly, for conditional call
instructions (CALL £, mn), if the condition is not satisfied the second byte (m) is not read.

3.2.4 1/O Space

All registers except the accumulator, flag, general purpose, and dedicated registers which are CPU
registers, exist in the I/O space and can be accessed by I/O instructions. These registers occupy 136
bytes of the I/O space (addresses 0000H to 0087H). Addresses 00EOH to FFFFH in the I/O space are
allocated to external I/O.

Addresses 0088H to O0ODFH are reserved and cannot be used.

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

FFFFH
~ External I/O ~

00EOH

00DFH
Reserved

0088H

0087H
Internal /O

0000H

Figure 3-4. I/O Space Configuration
« Precautions for internal I/O registers

(1) The internal I/O registers are located addresses 0000H to 0087H in the 64 kbyte I/O space. The
high-order byte of the I/O address must therefore be 00H. For example, an OUT (m), A
instruction causes the A register contents to be directly output to the high-order byte of the I/O
address. Therefore, this instruction cannot be used to write to the internal I/O registers. For the
same reason, OTIR, OTDR, INIR, and INDR must not be used. When other I/O instructions are
used to access the internal I/O registers, the high-order byte of the I/O address must be 00H.
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Thus, for example, the A register must be initialized to 00H before executing an IN A, (m)
instruction.

INO g, (m), OUTO (m), g, OTIM, OTIMR, OTDM, OTDMR, and TSTIO m instructions are
convenient for accessing the internal I/O registers. These instructions automatically set the high-
order address to 00H.

(2) If an external I/O is referenced by the same I/O address as an internal I/O register, the following
operations are performed:

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

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

In either case, the number of wait states is 0.
(3) Note that the I/O addresses for internal I/O registers (the MMU register, etc.) that are

functionally identical for the HD64180R1 and HD64180Z have been changed in the
HD64180S.

3.3 CPU Basic Operation Timing

3.3.1 Outline

This section explains the timing of the following CPU basic operations:
* Opcode fetch

* Memory read/write

* I/O read/write

* Basic instruction execution

+ Interfacing with Z80*-based peripheral LSIs

Basic operations consist of one or more machine cycles (MCs). For memory or I/O accesses, a
machine cycle consists of three states, T1, T2, T3. For an internal cycle, a machine cycle consists of a

single cycle state (Ti).

* 780 is a trademark of Zilog, Inc.
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For slow memory or I/O subsystems, a Tw (wait) state can be inserted between the T2 and T3 states.
Insertion of the Tw state is controlled either by hardware (using the WAIT line) or by software (using
internal registers). For details, see section 9 "Wait Controller."

Table 3-1 shows the internal register used for interfacing with Z80-based peripherals.

Table 3-1. Register for Interfacing with Z80-based Peripherals

Initial Value*
Register Name Symbol I/O Address MSB <+ LSB  Read/Write
Operation mode control register OMCR 0004H 11100000 R/W

* "Initial value" means the value after a hardware reset.
3.3.2 Opcode Fetch Timing

Figure 3-5 shows the timing of an opcode fetch with no wait states. In the first half of the T1 state, the
contents of the PC are output to the address bus (Ao — A19). When the MMU is used, address
information is extended to 20 bits. In the second half of the T state, the ME and RD signals are
asserted to enable memory access.

The opcode is read from the data bus at the rising edge of the g clock of the T3 state. The LIR signal
remains active (low) from the first half of the T1 state to the first half of the T3 state, indicating that an
opcode fetch cycle is in progress*1.

If this cycle is the first opcode fetch cycle, the ST signal remains low from the middle of the T1 state
to the end of the T3 state. For the second or third opcode fetch cycle, the ST signal remains high
throughout this period. Thus, by checking the level of the ST and LIR signals, it can be determined
whether this cycle is the first or the other opcode fetch cycle.

*1  Asserting the LIR signal can be inhibited by clearing the LIRE bit in the operation mode control register. For details,
see section 3.3.6 "Interfacinig Z80-based Peripheral LSIs."
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Opcode fetch cycle

F ~
T T2 Ts T1 T2
o
; 7
Ao—-A19 PC (Opcode address) PC +1
VAR
Do-D7 C:npcod;\
WAIT /
m [\ /N

IS Second or third opcode fetch <f:ycle

7T\

t First 6pcodé fetch! cycle

ST

4

Figure 3-5. Opcode Fetch Timing

Figure 3-6 shows the timing of an opcode fetch with wait states. If the WAIT signal is active at the
falling edge of the T2 state, a Tw state is inserted in the next cycle. If the WAIT signal is still active at
the falling edge of the Tw state, another Tw state is inserted. If the WAIT signal is not active, the bus
cycle enters the T3 state and then completes the opcode fetch cycle. The ME, RD, and LIR signals
maintain their current levels while wait states are being inserted in this way.
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Opcode fetch cycle

T
X

T1 T2 Tw Tw Ta

Ao—A1s X Opcode address / H x

Do~-D7

a7\

T \

Figure 3-6. Opcode Fetch Timing with Wait States
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3.3.3. Memory Data Read/Write Timing

Memory data read/write timing differs from opcode fetch timing in the following ways:

« The LIR signal remains inactive.

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

falling edge of the T3 state).

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

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

For memory write operations, the ME signal becomes active during the second half of the T1 state and
the WR signal becomes active during the first half of the T2 state. Valid data is output on the data bus
(Do — D7) during the second half of the T state. The ME and WR signals become inactive during the
second half of the T3 state. Data on the data bus is valid until the end of the (T3) state.

Figures 3-7 and 3-8 show memory read/write timing without/with wait states, respectively.
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. Memory read cycle e Memory write cycle
T1 T2 Ts Ti T2 Ta

8 <% 0\
Ao~Aig X Memory address{ X Memory address X:
Do-D7 ~{ Read dg—t;\, \‘< lWrite data- >—
w ] 7Y

= T /T B

B\ AR

. N
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Aoc—A1g

Do-D7

WAIT

3l

Memory read cycle

Memory write cycle

le Il ol
Ld T 1
T4 T2 Tw T3 Ti T2 Tw Ta
X Memory address / X / Memory address x
Write data )-—

\ /7Y

\ [T

Figure 3-8. Memory Read/Write Timing with Tw States

3.3.4 I/O Read/Write Timing

I/O read/write timing is essentially the same as memory read/write timing (see section 3.3.3 "Memory
Data Read/Write Timing"). Note, however, the following differences:

« The IOE signal is used instead of the ME signal.
* The I/O address is output to the address bus (A0~ A19). I/O addresses are not translated by the

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

The falling edge of the T1 clock or the rising edge of the T2 clock can be selected as the TOE and RD
signal activation events. For details, see section 3.3.6 "Interfacing Z80-based Peripheral LSIs."

L I/O read cycle L I/O write cycle:
je

Ts T2 Tw ™
LI LI LI
P |

' |

Ao-A1se X

VO address X:

Do-D7

gwme o —

= oo

S R SN

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

Figure 3-10 shows the timing of a data transfer instruction, LD (IX + d), g as a typical example. This
3-byte instruction involves two opcode fetch cycles and one displacement read cycle. In addition,
during a memory write cycle the contents of register (g) are transferred to the address location
determined by adding displacement (d) to the contents of index register (IX). In the example shown
in figure 3-10, wait states are not inserted.

First opcode Second opcode Displacement  CPU internal operation Next instruction
fetch cycle . fetch cycle § read cycle —————————— Memory wiite cycle _ fetch cycle

+ +

Tt Tz Ta Tt T2 T3 Tt T2 T8 T T® T T T2 Ta Tt Te

Ao-Are (X PC Y pPc+t Y PC'+2 X  ix+d [ PCc+3
Do-7 ———{(BBH——{ () ) S
e (Y W \
ME | \ [T\ /T \ / \ A
RD |\ T\ /1T / \
WR —
st |\ / |
Machine § o . . , .
cycle MC1* MC2 ' MC3 "MC4 MC5 MC6 MC7

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

Figure 3-10. Basic Instruction Execution Timing Example
(LD (IX + d), g instruction)
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3.3.6 Interfacing Z80-based Peripheral LSIs

A special function allows the HD641808S to interface with Z80-based peripheral chips. The operation
mode control register (OMCR) is used to select this function.

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

+ LIR signal timing
« IOE and RD signal timing
 RETI instruction (return from INT0 interrupt) timing

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

7 6 5 4 3 2 1 0
BitName | LIRE LIRTE ioc - - - - -
Read/Write RW w RW - - - - -
Initial Value 1 1 1 0 0 0 0 0
LIR Enable
0: The LIR output is low
only during the opcode
fetch cycle 2 of the .
RET! instruction and VO Compatibilty
the first machine cycle 0: Output of the IOE and RD lines is compatible
of the INTO interrupt with that of the Z80-based peripheral LSls.
acknowledge cycle. 1: Normal operation
1: Normal operation

LIR Temporary Enable

0: When the LIRE bit is 0, the LIR output is low only for
the opcode fetch cycle immediately after 0 is written
to the LIRTE bit.

1: Normal operation

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

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

Daisy-chained Interrupt from

Z.80-based Peripheral LSIs LIRE

Used 0

Unused Oorl

Z80 PIO LIRTE

Used 0 enables interrupts from the Z80 PIO
Unused Setting is unnecessary

780 CTC 10C

Used 0

Unused Oorl

Bit 7: LIRE (LIR enable)
LIRE controls the LIR pin output. This bit is set to 1 by a reset.

LIRE Function
0 LIR disabled
1 LIR enabled

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

» The opcode fetch cycle 2 of a RETI instruction (see "RETI Instruction” at the end of this section)
« The first machine cycle of an INTo interrupt acknowledge cycle

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

When enabled, LIR is active (low) during:

» Opcode fetch cycles

+ The first machine cycle of an NMI interrupt acknowledge cycle

« The first machine cycle of an INTo interrupt acknowledge cycle
LIRE can be set 1 when daisy-chained interrupts are not supported.

Bit 6: LIRTE (LIR Temporary Enable)

The write-only LIRTE bit is used LIRE can be set 1 when daisy-chained interrupts are not supported
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to activate the LIR pin output. This bit is used to enable interrupts from the Z80 PIO after internal
control registers have been set. At this time the Z80 PIOs support daisy-chained interrupts. This bit
always reads 1 and issetto 1 by a reset.

When LIRTE is 0 (active), LIR output depends on the state of the LIRE bit. When LIRE is 1, LIR
output is not affected. When LIRE is 0, LIR output goes low only during the opcode fetch cycle
immediately after O is written to the LIRTE bit (see figure 3-12).

LIRTE Function
0 LIR goes low in next opcode fetch if LIRE = 0
1 LIR output enabled/disabled by LIRE

When clearing the LIRTE bit, all interrupts must be disabled (interrupt enable flag IEF1 must be set to
0 by a DI instruction). The instruction that clears the LIRTE bit must be followed by an instruction
with a 1-byte opcode. Figure 3-11 shows an example.

Hexadecimal Mnemonic
5 [
|
1
E |
F3 DI : Disable interrupts (IEF1 =0, IEF2 = 0)
F5 PUSH AF : Save accumulator contents to stack
ED 38 04 INO A, (OMCR)
CB B7 RES 6, A : Write 0 to the LIRTE bit
ED 39 04 OUTO0 (OMCR), A
o1
P FLd POP AF : Restore accumulator contents
FB EI : Enable interrupts (IEF1 =1, IEF2=1)
! |
] |
| |
i i
1-byte opcode
instruction

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

Operation mode control register Opcode fetch cycle of next instruction
. write cycle !4(1-byte opcode instruction)

> -t ~
T T2 T3 Ti T2 Ts

UYL

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

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

Bit 5: TOC (I/O Compatibility)

The IOC bit controls the TOE and RD line outputs. When this bit is 0 during an /O read or write
cycle, the TOE and RD line outputs are compatible with those of Z80-based peripherals. The TOC bit
has no effect on the RD line output during a memory read cycle or the IOE line output during an INTO
interrupt acknowledge cycle. When IOC is 0, the TOE line output goes low at the rising edge of the T2
state during an I/O read or write cycle and the RD line output also goes low at the rising edge of the
T2 state during an I/O read cycle (see figure 3-13(a)).

The IOC bit goes to 1 after a reset.

When IOC is 1, the TOE line output during an I/O read or write cycle and the RD line output during an
I/O read cycle go low at the falling edge of the T1 state (see figure 3-13(b)).

10C Function
0 10E and RD timing are Z80-compatible
1 IOE and RD timing are not Z80-compatible

HITACHI 43



Figure 3-13 shows the I/O read and write cycle timing.

/Oread cycle /O write cycle

Yy

T1 T2 Ts T1 T2 T3

PUL L LLT
S T Wy s O oy

<
L

s

[
T

Figure 3-13.(a) ¥/O Read and Write Cycle Timing for IOC = 0
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I/Oread cycle 11O write cycle

»le
T

T

T1 T2 T3 Ti T2 ~Ts

- UL L L

Figure 3-13.(b) YO Read and Write Cycle Timing for IOC = 1
Bits 4-0 : Reserved. These bits always read 0 and should be set to 0.

RETI Instruction: In order to interface with Z80-based peripherals, the operation of the RETI
instruction (return from INTo interrupt) differs from other instructions as follows:

» The CPU fetches the 2-byte opcode (EDH, 4DH) twice. During the opcode fetch cycle 2, an
internal operation (Ti) cycle is inserted between the EDH and 4DH fetch cycles.

o If the LIRE bit is 1, the LIR line goes low during both the opcode fetch cycle 1 and 2 in the RETI
instruction.
If the LIRE bit is 0, the LIR line goes low during the opcode fetch cycle 2, but remains high during
the opcode fetch cycle 1.

The operations of the RETI and RET instructions are identical except that the RETI instruction, when
placed at the end of an INTOo interrupt processing routine, allows a Z80-based peripheral to detect the
end of the routine by decoding this instruction code.

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

opcode fetch cycle 1 in the RETT instruction, rather, they are sampled 1.5 clock cycles before the end
of the stack read cycle.
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IHOVLIH 97

RETI instruction execution cycle

‘L Opcode fetch cycle 1 e Opcode fetch cycle 2 Stack read cycle :i
Tt T2 T3 T T2 T8 T T T T T2 T8 T Tt T2 Tsa Tt T2 Ts T T2 Ta Tt
2
— | Interrupt sampling
Ao-A1g _x: PC PC +1 PC PC+1 SP SP +1
Do-D7 —~ EDH s ‘\ 4DH } {EDH) ‘\ 4DH ,L “ Data (‘ “ Data ,‘
{WhenLIRE=1 )
=l / s / / W
{When LIRE=0
/ /
ME [\ /T\ / \ / \ . /T\ [T\
]\ I / \ / \ M\ M\ T\
st |\ / |

Figure 3-14. RETI Instruction Timing




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

Table 3-3. Bus Cycle States for RETI Instruction Execution

States Address Data RD WR ME IOE LIR HALT ST
MC1 Ti1 T2 T3 Firstopcode First 0 1 0 1 o~ 1 0
address opcode 1
MC2 Ti T2 T3 Secondopcode Second O 1 0 1 o+ 1 1
address opcode 1
MC3- Ti Ti Ti Undefined z 1 1 1 1 1 1 1
MC5
MC6 Ti T2 T3 Firstopcode First 0 1 0 1 0 1 1
address opcode
MC7 Ti Undefined z 1 1 1 1 1 1 1
MC8 Ti T2 T3 Secondopcode Second O 1 0 1 0 1 1
address opcode
MCO Ti T2T3 SP Data 0 1 0 1 1 1 1
MCI0 T1 T2 T3 SP+1 Data 0 1 0 1 1 1 1
Z (data): High impedance
Note: * The upper number indicates the LIR line status when the LIRE bit = 1, and the lower number indicates

the status when the LIRE bit= 0.
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3.4 Chip Operation Modes
3.4.1 Outline
The HD64180S supports five chip operation modes:

¢ Reset mode
¢ Normal operation mode

+ Halt mode

} Low power dissipation modes Special operation modes

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

The halt, sleep, and system stop modes are special operation modes in which the HD641808S's internal
states differ from those in the normal operation mode.

The HD64180S can be placed into any other operation modes from the normal operation mode (see
figure 3-15). The HD64180S can be returned to the normal operation mode from a special operation
mode by an interrupt.

If the RESET signal is held active (low) for 6 clock cycles or more in the normal or special operation
mode, the HD64180S is placed in the reset mode. In this mode, the HD64180S is stopped completely.
HD64180S operation is restarted in the normal operation mode when the RESET signal is deactivated.

Table 3-4 lists the status of the functional blocks of the HD64180S in the various operation modes.

If the BUSREQ signal is asserted in the normal or special operation modes, the HD64180S enters the
bus release mode. When this mode is set, the HD64180S passes bus control to an external I/O device.

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

Reset mode

Halt mode

s

m

1}

m

—-'

]

o

stop mode Sleep mode
Figure 3-15. Operation Mode Transitions
Table 3-4. The Status of the Functional Blocks in the Various Operation Modes
Internal . CPU | Built-in| MSCI | ASCY/ | Timer|Refresh | Bus Release
Function DMAC CSIO Control- | Mode

Chip Oper- ler
ation Mode
Resetmode @ | =meem | emeee | eemee | eemee | eeeen ————- e
Normal operation mode 0] o 0] (0] (0] o) o)
Halt mode o* o 0o o] o} o] o}
Sleepmode | == o) o o O O 0]
System stop mode =~ | seme= | eese- e e e o

(O: Operation enabled, ----- : Operation disabled)

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

Table 3-5. Low Power Dissipation Mode Specification Register

Initial Value*
Register Name Symbol VO Address MSB «+ LSB Read/Write
I/O control register  IOCR 0005H 00000000 R/W

* The initial value is the value after a hardware reset.
3.4.2 Reset Mode

If the RESET pin is held low for six or more clock cycles, all HD64180S functions are reset and the
NPU enters the reset mode. In this mode, the HD64180S operates as follows.

» The CPU, MSCI, ASCI/CSIO, DMAC, refresh controller, and timer are halted and their internal
states are reset.

» The Ao— A19 and Do— D7 pins go to high impedance and all output pins are initialized to their
predefined values.

« The on-chip oscillator continues to output the ¢ clock.

» The CPU does not acknowledge external (NMI, INTo, INT1, INT2) or internal interrupts.

+ The CPU does not acknowledge the BUSREQ signal.

The RESET line is sampled at the falling edge of every ¢ clock. If the RESET line is low for three
successive cycles, the HD64180S enters the reset mode after a half clock cycle delay.

Note that although the HD64180S enters the reset mode after only three and a half clock cycles,
normal reset operation is not guaranteed unless the RESET is held low for six clock cycles (at the
falling edge of the ¢ clock).

The HD64180S will leave the reset mode once the RESET line is deactivated. If the RESET line
remains high for three successive ¢ clock falling edges, the HD641808S leaves the reset mode after a
half clock cycle delay and resumes execution in the normal mode with an.opcode fetch from logical
address 0000H (physical address 00000H).

Figure 3-16 shows the timing for entering and leaving the reset mode.
Note: When the HD64180S enters the reset mode, the delay time for the Ao — A19 and Do — D7 pins to go to high

and BUSACK to go high from the ¢ clock rising edge is 10 g clock cycles maximum.
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RESET

Ao—A19

Do-D7

LIR

ST

10E, WR, REF,
HALT, BUSACK

Normal operation mode

L Reset mode (restart after a reset)
Opcode fetch
T4 T2
: 6 clock cycles :
iormore | i :
AN High impedance ~O0000A)
/A \__: Stant address
\ . High impedance
)

S

1t

el

1

i

e— Delay time: max 10 @ clocks

Figure 3-16. Reset Mode Timing
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3.4.3 Normal Operation Mode
In the normal operation mode, the HD64180S operates as follows:

 The CPU fetches and executes instructions.

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

» The on-chip oscillator continues to operate.

» The CPU accepts external (NMI, INTo, INT1, INT2) and internal interrupts.

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

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

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

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

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

* When an SLP instruction is executed while the IOSTP bit is 1, the system stop mode is entered.

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

From one of the special operation modes (halt, sleep, or system stop), the HD64180S can return to the
normal operation mode following an interrupt. However, the type of interrupt that can be
acknowledged and whether or not interrupt processing is performed depends on several conditions.
For details, see sections 3.4.4 "Halt Mode," 3.4.5 "Sleep Mode," and 3.4.6 "System Stop Mode"
below.

3.4.4 Halt Mode

Executing a HALT instruction (76H) in the normal operation mode causes the HALT line to go low
thus placing the HD64180S in the halt mode.

Internal operation in the halt mode is outlined below.
» The CPU internal clock does not stop. The CPU repeatedly fetches the instruction which follows
the HALT instruction.

» The MSCI, ASCI/CSIO, DMAC, refresh controller, and timers continue operating.
+ The on-chip oscillator continues to operate.
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* The CPU accepts external (NMI, INTo, INT1, INT2) and internal interrupts.
* The CPU can be placed in the bus release mode by asserting the BUSREQ signal (active low).

Operation in the halt mode is the same as operation in the normal mode, except that no instructions are
executed. The HD64180S can leave the halt mode in two ways:

(1) Reset

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

(2) Interrupt

If interrupt enable flag IEF1 is set to 1 (interrupt enabled) and either a maskable external (INTo, INT1,
or I_N—'fz-) or internal interrupt occurs, the HD64180S leaves the halt mode and branches to the
appropriate interrupt processing routine. If an NMI interrupt occurs in the halt mode, the HD64180S
leaves the halt mode and branches to the interrupt processing routine, regardless of the value of the
IEF1 flag.

If an interrupt is requested 1.5 clock cycles before the end of the opcode fetch cycle for a HALT
instruction, the HD64180S will not enter the halt mode. It branches to the interrupt processing routine

after fetching the HALT instruction opcode.

Figure 3-17 shows the timing for entering the halt mode and leaving after an interrupt.
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NMI

INTo, INT1, INT2

Ao—A19

Do-D7

HALT

LIR

HALT instruction Interrupt
. opcode fetch HALT mode acknowledge cycle
I -l
T1 T2 Ta T2 Ts Ti T2 Ts T1 T2

)
ALY

HALT opcode address

(a1 )

| HALT opcode address + 1

s

Instruction succeeding
the HALT instruction

10

Instruction succeeding
the HALT instruction

~—

Figure 3-17. Timing for Entering Halt Mode and Leaving after an Interrupt




3.4.5 Sleep Mode

Executing an SLP instruction (EDH, 76H) while the IOSTP bit in the I/O control register is 0 causes
the CPU internal clock to stop and the HALT line to go low, thus placing the HD64180S in sleep
mode. In this mode, power dissipation is reduced because the CPU internal clock is stopped.

I/O Control Register (IOCR)

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

dissipation mode (sleep or system stop).

Bit Name

Read/Write

Initial Value

* Reserved. These bits always read 0 and should be set to 0.
Bit 7: IOSTP (I/O stop)

This bit specifies the low power dissipation mode.

7

losTP |

RW
0

/O Stop
0: Sleep mode (SLP instruction execution)
1: System stop mode (SLP instruction execution)

IOSTP Function
0 SLP instruction causes the HD64180S to enter the sleep mode
1 SLP instruction causes the HD64180S to enter the system stop mode

Setting value to IOSTP bit has no effect on the operation of HD64180S internal functions. The
execution of SLP instruction causes the HD64180S to enter either the sleep mode or the system stop

mode according to the value.

This bit is cleared by a reset.

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

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

« The MSCI, ASCI/CSIO, DMAC, refresh controller, and timers continue operating.
+ The on-chip oscillator continues operating.

+ The CPU accepts external (NMI, INTo, INT1, INT2) and internal interrupts.

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

The HD64180S can leave sleep mode in the following two ways:
(1) Reset

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

(2) Interrupt

If either an external (NMI, INTo, INT1, INT2) or an internal interrupt occurs, the HD64180S leaves
the sleep mode and enters normal mode. Unlike in the halt mode, the HD64180S leaves the sleep
mode following an interrupt, even if the interrupt is disabled by IEF1 = 0.

If interrupts are disabled by interrupt enable flag IEF1, the CPU executes the instruction following the
SLP instruction after leaving the sleep mode. If interrupts are enabled, the CPU branches to the
corresponding interrupt processing routine.

In the sleep mode, level-sensitive external interrupts (INTo, INT1, or INT2) are sampled at every
falling edge of the ¢ clock. If an external interrupt line is active when sampled, the HD64180S leaves
the sleep mode after 2.5 clock cycles. Note that the external interrupt line must be active for at least
two successive samples.

If an NMI interrupt occurs in sleep mode, the HD64180S leaves the sleep mode and branches to the
interrupt processing routine, regardless of the IEF1 flag.

If the falling edge of an NMI signal is input before the falling edge of the g clock in the sleep mode,
the HD64180S leaves the sleep mode 2.5 clock cycles after the ¢ clock falling edge. After leaving the
sleep mode, the CPU starts the NMI acknowledge cycle.

Figure 3-18 shows the timing for entering the sleep mode and leaving after an interrupt.
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SLP Instruction second Opcode fatch cycle or interrupt
opcode fetch cycle , Sleep or system stop mode _, acknowledge cycle
te

T1 T2 T3 Ter*t  Ts2 Ts Ts Ts Ts T1 T2

g P I

t t t b 5
= L/
s, N, INT2 M\ /
— ,
Ahe ) FFFFFH
HALT "

n

LR /

*1  Tst and Ts2 are special states inserted to enter sleep or system stop mode. Neither the bus release, refresh, or
DMA cycles can be executed immediately after these states. If an interrupt is requested during a SLP instruction
fetch, the CPU goes through Ts1 and Ts2, then enters the opcode fetch or interrupt acknowledge cycle.

*2  An arrow indicates the sampling timing of the INTo, INT1, or INT2 lines. To generate these interrupts the low level

must be sampled twice or more in succession.

Figure 3-18. Sleep and System Stop Mode Timing
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3.4.6 System Stop Mode

Executing a SLP instruction while the IOSTP bit in the I/O control register is 1 causes the HALT line
to go low and the HD64180S to enter the system stop mode. In this mode less power is dissipated
than in the sleep mode since the clock supplied to the CPU and other functional units is stopped. For
details of the I/O control register, see section 3.4.5 "Sleep Mode."

Internal operation in system stop mode is as follows:

» The CPU, MSCI, ASCI/CSIO, DMAC, and timers stop.
« The refresh controller stops (the contents of DRAM are lost).

« The on-chip oscillator does not stop.
» The CPU accepts external interrupts (NMI, INTo, INT1, INT2).
* Asserting the BUSREQ line causes the CPU to enter bus release mode.

The HD64180S can leave the system stop mode in the following two ways:

(1) Reset

If the RESET line is held low for six or more clock cycles, the HD64180S is reset and leaves the
system stop mode.

(2) Interrupt

An external interrupt (NMI, INTo, INT1, INT2) causes the HD64180S to leave the system stop mode
and to enter the normal operation mode.

If the interrupt enable flag IEF1 is 0 and interrupts are disabled, the CPU resumes execution at the first
instruction after the SLP instruction. If IEF1 is 1 and interrupts are enabled, the CPU branches to the

corresponding interrupt processing routine.

If an NMI interrupt occurs, the CPU branches to the interrupt processing routine regardless of the
value of the IEF1 flag.

The timing for entering and leaving the system stop mode using an interrupt is the same as that in the
sleep mode (see figure 3-18).
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3.5 Bus Arbiter

3.5.1 Overview

The HD64180S is equipped with a bus arbiter which arbitrates bus contention between the on-chip
CPU, DMAGC, refresh controller (internal devices), and external I/O devices.

< Bus control signal >
< Data and address buses >
N I N J ]’\
17 X N 7 < 7
Refresh External
CPU DMAC controller bus master
x o x gl =
3 ‘5 '8 lo ’w 'o =)
s < [a ey < ass < o ;’
' '% '3
I
2 2
Bus arbiter @) o
HD64180S

(DMAC: Direct memory access (DMA) controller)

Figure 3-20. Bus Arbiter and Masters
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As shown in figure 3-20, the on-chip CPU, DMAGC, and refresh controller are internally connected to
the arbiter via REQ and ACK lines. Internal devices use a request (REQ) signal to request bus control
and the arbiter uses an acknowledge (ACK) line to acknowledge that a particular device has been
given control of the bus.

External I/O devices are connected to the arbiter via the external BUSREQ and BUSACK signals.
BUSREQ and BUSACK function in the same way as the REQ and ACK signals do for internal
devices.

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

If bus control is requested from more than one device at the same time, the bus arbiter passes control
to the device with the highest priority.

Devices are given the following priority:
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External bus master > refresh controller > DMAC > CPU.

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

already has or can request the bus control.
3.5.2 Timing for Passing Bus Control

The priority assignment is only used when several devices request control at the same time.
Depending on the devices involved, bus control will not necessarily be passed immediately to a
higher-priority device as soon as it requests bus control. Various contention situations are discussed
in this section.

(1) When the CPU has control

When the CPU has control of the bus and a request is received from another device via internal REQ
lines or BUSREQ line, the arbiter can pass control at the end of any machine cycle (immediately after
a T3 or Ti state). An opcode fetch, memory read/write, or I/O read/write machine cycle (3 ¢ clock
cycles without wait states) is equivalent to one machine cycle. For internal CPU operations (Ti
states), one state (1 @ clock cycle) is equivalent to one machine cycle.

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

® Second machine cycle (Ti state) of a DINZ j instruction.
® Trp state of a TRAP acknowledge cycle when the second opcode is undefined.
® Ts1 or Ts2 state at the start of the sleep or system stop mode.

(2) When the refresh controller has control

When the refresh controller has control of the bus, the arbiter can pass control at the end of each
machine cycle (immediately after a TR2 state). One machine cycle consists of two states if no wait
states are inserted.

(3) When the DMAC has control

When the DMAC has control of the bus, the arbiter can pass control at the end of each machine cycle
(immediately after a T3 or Ti state). For example, during a DMA transfer in burst mode, when a
device having a priority higher than the DMAC requests control, the DMAC suspends the transfer at
the end of the current machine cycle and releases control. When the higher priority device releases
the bus (by placing the bus request signal high), the DMAC is given control and resumes the transfer.
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« The arbiter cannot pass bus control immediately after the following states. See section 6 "Direct
Memory Access Controller (DMAC)" for details.

® Ti state immediately before the DMA transfer start for the first byte.
@ Immediately after a read cycle during dual-address DMA transfer.
@ Immediately after a part of T3 or Ti states during buffer chaining operations.

(4) When an external I/O device is the bus master.
For details, see section 3.5.3 "Bus Release Mode," below.
3.5.3 Bus Release Mode

When an external I/O device obtains control of the bus, the HD64180S enters the bus release mode.
Since the BUSREQ signal has the highest priority, when this signal is asserted, bus control is passed
to the device requesting the bus. The address lines (A0— A19), data lines (Do— D7), and bus control
lines (ME, IOE, RD, and WR) go to the high impedance state.

In the bus release mode, the HD64180S does not perform refresh operations. These must be
performed by the external I/O device. The CPU cannot accept external or internal interrupts in the
bus release mode.

The HD64180S leaves the bus release mode when the external device releases the bus by deactivating
the BUSREQ signal or when the RESET line is held low for six or more clock cycles. When the
external device releases control, it is returned to the internal bus master. If a reset occurs, bus control
is returned to the CPU when the RESET signal goes high.

Figure 3-21 (a) shows the timing when bus control is requested by an external I/O device via the
BUSREQ line during a CPU memory read cycle. Figure 3-21 (b) shows the timing when the bus
control is requested during a CPU internal operation.

The BUSREQ signal is sampled at the falling edge of the ¢ clock in the state preceding the T3, Ti, TX
(bus release state), TR2 (refresh cycle end state), or Ts state (sleep or system stop mode). If the
BUSREQ pin is low at the falling edge of the g clock in the state preceding the TX state, the TX state
is repeated.
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Figure 3-21. (a) Bus Release Mode (1)
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Figure 3-21. (b) Bus Release Mode (2)
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3.5.4 Bus Control Passing

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

BUSREQ = 0 > refresh request > DMA request

When bus control is not requested by an external I/O device, refresh controller, or DMAG, it returns
to the CPU.

Reset mode *2

EN
RESET =0 Built-in DMAC

2
o 13
S5<
S =73
2 [ Y=g
ot v 2
- wn Cc .=
3 e85
3 "5'8@
o 33
i oa
.8 C

Bus release
mode

BUSREQ =0
BUSREQ = 1 and refresh request issued

Refresh
controller

*1 For an explanation of DMA requests, see section 6 "Direct Memory Access Controller (DMAC)."
*2 The HD64180S enters the reset mode from any state if the RESET signal is asserted for six or more clock cycles.

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

Figure 3-22. Bus Control Passing
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3.6 Interrupts

3.6.1 Overview

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

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

' cPU [— TRAP
NMI—
INTo -
JR— Q.
INTs — - g
- —onm P | S
—“ T 2
MSCI L RuNT 3 g
T TXNT T 3 )
|l RXRDY ___ ] © 2
ASCI -  TXRDY ——4 2 3
/CSI0 |— RXNT —— @ 4
— TXNT —] 9 «
°
f =
[}
DMAC L pmiae —— §
(channel0) —— DMIBO ——3 §
>
=
o
8
DMAC L DMIAT  — =
(channeti) —— DMIBI — £
c
8
a
Timer ——  ToRQ — E
(channel 0) £
Timer ——  TiIRQ ——
(channel 1)

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

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

Internal/External

Priority Interrupts Interrupt source
High | TRAP Undefined opcode fetch Internal interrupt
A NMI
@ Line input External
INT1 interrupts
INT2
MSCI RXRDY Receive buffer contains data. \
MSCI TXRDY Transmit buffer is empty or not full.
MSCI RXINT Receive status
MSCI TXINT Transmit status
ASCI/CSIO RXRDY Receive buffer contains data.
ASCI/CSIO TXRDY Transmit buffer is empty.
ASCI/CSIO RXINT Receive status > Internal
ASCI/CSIO TXINT Transmit status interrupts
DMAC Channel 0 DMIAQ | Error interrupt
DMAC Channel 0 DMIBO | Normal termination interrupt
DMAC Channel 1 DMIAL1 | Error interrupt
DMAC Channel 1 DMIB1 | Normal termination interrupt
Timer Channel 0 TOIRQ Count match /
L(;Lv Timer Channel 1 TI1IRQ Count match

When an interrupt (except TRAP, NMI, and INT0) is requested, the request status is indicated by
interrupt status registers 0 and 1. If the requested interrupt has been enabled by interrupt enable

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

3.6.2 Interrupt Control Registers and Interrupt Enable Flags

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

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

instructions. This does not apply to the interrupt vector register (I), however. This register can be
accessed by LD A, I and LD I, A instructions.
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Table 3-7. Interrupt Control Registers
Initial Value*1

Register Name Symbol I/O Address MSB < LSB Read/Write
Interrupt vector register I — 00000000  R/W
Interrupt vector low register L 0014H 00000000 R/W
Interrupt control register ICR 0000H 00000001 R/W
Interrupt status register 0 ISRO 0010H 000000XX*2 R

Interrupt status register 1 ISR1 0011H 00000000 R

Interrupt enable register 0 IERO 0012H 00000000 R/W
Interrupt enable register 1 IER1 0013H 00000000 R/W

*1 "Initial value" is the value after a hardware reset.
*2 x: Undefined

Interrupt Vector Régister (I): The interrupt vector register indicates the vector table position in
memory that stores the starting address of the interrupt processing routine for INTo0 (mode 2), INT1,
INT?, or internal interrupts (vector mode).

7 6 5 4 3 2 1 0

Bit Name 17 16 15 14 13 12 5] 10
Read/Write RW RW RW RW RW RW RW RW

Initial Value 0 0 0 0 0 0 0 0

The eight high-order bits of the vector address

The 16-bit interrupt vector indicates the starting address of the interrupt processing routine in the
vector table. The low order byte is the data placed on the bus, in INTo mode 2, or the vector generated
for each interrupt source. The high order byte is the I register contents. Vector tables can be
generated at arbitrary memory locations at 256-byte intervals by setting the I register. Use LD A, I
and LD [, A instructions to access this régister. '

Interrupt Vector Low Register (IL): The 8-bit interrupt vector low register specifies the low order
byte of the 16-bit interrupt vector for vector interrupts (INT1, INT2, and internal interrupts except

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

The low order six bits of this register are automatically set depending on the source of the interrupt.
Bits 7 and 6 (IL7, 6) can be set arbitrarily by software.
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Bit Name IL7 IL6 - - - - - -
Read/Write RW RW - - - - - -
Initial Value 0 0 0 0 0 0 0 0

Fixed code*

Low order byte of vector address
* The fixed code (bits 5 — 0) cannot be read or written. For the fixed code, see table 3-9 "Interrupt Sources and Vectors."

This register allows interrupt vector tables to be placed at any 64-byte boundary in system memory.
Bits 7 and 6 are set to O after a reset. Bits 5 — 0 always read 0 and should be set to 0.

Since the interrupt vector register (I) is also initialized to O0H by a reset, the 16-bit interrupt vector
address becomes 0000 0000 00XX XXXX. For example, the INT1 fixed code is 00 0000, so its
associated interrupt vector address after a reset is 0000 0000 0000 0000.

Interrupt Control Register (ICR): The interrupt control register tests whether a TRAP interrupt has
occurred and specifies whether the INTo interrupt is enabled or disabled.

7 6 5 4 3 2 1 0
Bit Name TRAP UFO - -~ -* - -+ ITEO
Read/Write RW R - - - - - RW
Initial Value 0 0 0 0 0 0 o 1
TRAP Status ll\.lTo Enal?le
0: TRAP interrupt 0: INTo disabled
1: INTo enabled

,. tgenerated 41 dgiingg Fotch Objoct Code
’ generaiedr P’ 0: Second byte of opcode undefined
1: Third byte of opcode undefined

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

Bit 7: TRAP (TRAP status)

The TRAP bit indicates whether a TRAP interrupt has occurred. This bit is cleared by writing 0 to
this bit position by CPU. A 1 cannot be written to this bit. It is cleared to O by a reset.
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Note: A TRAP interrupt is an internal interrupt having the highest priority generated when an undefined opcode is

fetched during an opcode fetch cycle.
TRAP Functions
0 A TRAP interrupt has not occurred
1 A TRAP interrupt has occurred

Bit 6: UFO (Undefined fetch object code)
The UFO bit indicates which opcode is undefined after a TRAP interrupt occurs.

‘When the TRAP bit is 0, the UFO bit is cleared during the first byte of opcode fetch and set to 1 again
during the third byte of the opcode fetch. When a TRAP interrupt is generated and the TRAP bit is set
to 1, the UFO bit will not be updated by subsequent opcode fetches. Thus it is possible, by reading
the UFO bit, to determine whether the undefined opcode occurred during the second or third byte.
Note that there are no undefined opcodes for the first byte.

Writing to this bit position has no effect, thus either 0 or 1 can be written in this bit when it is
necessary to write in the interrupt control register. This bit is cleared'to O by a reset.

UFO Functions
0 Second opcode is undefined
1 Third opcode is undefined

Bits 5 - 1: Reserved. These bits always read 0 and should be set to 0.
Bit 0: ITEO (INTo enable)

The ITEOQ bit specifies whether INTo interrupts are enabled or disabled. This bit is set to 1 by a reset.
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ITEO Functions
0 Disables INTO0 interrupts
1 Enables INTOo interrupts

Interrupt Status Register 0 (ISR0): The read-only interrupt status register 0 indicates whether
INT!, INT?, or internal interrupts (except TRAP) requests have been issued. Bits 1 and 0 of this
register indicate the levels of the INT1 and INT?2 pins even after a reset. Bits 7 — 2 are cleared to 0

by a reset.
7 5 3 2 1 0
BitName | TXRDY! | RXRDY1 | TXINTO | RXINTO | TXRDYo | RXRDYo | INT2 INT1
Read/Write R R R R R R
Initial Value 0 X X*
ASCI/CSIO TXRDY MSCI TXINT MSCI TXRDY. External Interrupt INT2

0: Request not Issued
1: Request issued

ASCI/CSIO RXRDY

0: Request not issued
1: Request issued

MSCI RXINT

0: Request not issued
1: Request issued

MSCI RXRDY

0: Request not issued
1: Request issued

* Undefined.

Bit 7: TXRDY1 (ASCI/CSIO TXRDY)

1: Request issued

0: Request not issued
1: Request issued

External Interrupt INT1

0: Request not issued  0: Request not issued 0: Request not issued
1: Request issued

1: Request issued

TXRDY1  Functions
0 TXRDY internal interrupt has not been generated by the ASCI/CSIO
1 TXRDY internal interrupt has been generated by the ASCI/CSIO
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Bit 6: RXRDY1 (ASCI/CSIO RXRDY)

RXRDY1 Functions

0 RXRDY internal interrupt has not been generated by the ASCI/CSIO

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

Bit 5: TXINTO0 (MSCI TXINT)

TXINTO Functions

0 TXINT internal interrupt has not been generated by the MSCI

1 TXINT internal interrupt has been generated by the MSCI

Bit 4: RXINT0 (MSCI RXINT)

RXINTO Functions

0 RXINT internal interrupt has not been generated by the MSCI

1 RXINT internal interrupt has been generated by the MSCI

Bit 3: TXRDY0 (MSCI TXRDY)

TXRDYO0 Functions

0 TXRDY internal interrupt has not been generated by the MSCI

1 TXRDY internal interrupt has been generated by the MSCI

Bit2: RXRDY0 (MSCI RXRDY)

RXRDY0 Functions

0 RXRDY internal interrupt has not been generated by the MSCI

1 RXRDY internal interrupt has been generated by the MSCI

Bit 1: INT2 (External Interrupt INT2)

INT2 Functions
0 INT?2 external interrupt has not been generated

1 INT?2 external interrupt has been generated
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Bit 0: INT1 (External Interrupt INT1)

INT1 Functions
0 INT} external interrupt has not been generated
1 INT1 external interrupt has been generated

Interrupt Status Register 1 (ISR1): The read-only interrupt status register 1 indicates the status of
internal interrupt. This register is cleared to 0 by a reset.

7 8 5 4 3 2 1 0
Bit Name T1IRQ ToIRQ DMIB1 DMIA1 DMIBO DMIAO TXINT1 RXINT1
Read/Write R R R R R R
Initial Value 0 0 Y 0 ] 0 0 0

/

DMA Interrupt B

Timer Channel 1 DMA Interrupt B

lntorrugt RBSUGSt

0: Request not issued
1: Request issued

TChannel 1

0: Request not issued
1: Request issued

Channel 0

0: Request not issued
1: Request issued

ASCICSIO TXINT
0: Request not issued
1: Request issued

Timer Channel 0
Interrupt Request

0: Request not issued
1: Request issued

DMA Interrupt A ASCUCSIO RXINT

Channel 0 0: Request not issued
0: Request not issued 1: Request issued
1: Request issued

DMA Interrupt A
Channel 1

0: Request not issued
1: Request issued

Bit 7: T1IRQ (Timer Channel 1 Interrupt Request)

T1IRQ Functions
0 Timer channel 1 internal interrupt (T1IRQ) has not been generated
1 Timer channel 1 internal interrupt (T1IRQ) has been generated
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Bit 6: TOIRQ (Timer Channel 0 Interrupt Request)

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

Bit 5: DMIB1 (DMA Interrupt B:Channel 1)

DMIB1 Functions
0 DMAC channel 1 internal interrupt (DMIB) has not been generated
1 DMAC channel 1 internal interrupt (DMIB) has been generated

Bit 4: DMIA1 (DMA Interrupt A Channel 1)

DMIA1 Functions
0 DMAC channel 1 internal interrupt (DMIA) has not been generated
1 DMAC channel 1 internal interrupt (DMIA) has been generated

Bit 3: DMIB0 (DMA Interrupt B Channel 0)

DMIB0 Functions
0 DMAC channel 0 internal interrupt (DMIB) has not been generated
1 DMAC channel 0 internal interrupt (DMIB) has been generated

Bit 2: DMIAO (DMA Interrupt A Channel 0)

DMIAO Functions
0 DMAC channel 0 internal interrupt (DMIA) has not been generated
1 DMAC channel 0 internal interrupt (DMIA) has been generated

Bit 1: TXINT1 (ASCI/CSIO TXINT)

TXINT1 Functions

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

1 TXINT internal interrupt has been generated by the ASCI/CSIO
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Bit 0: RXINT1 (ASCI/CSIO RXINT)

RXINT1 Functions
0 RXINT internal interrupt has not been generated by the ASCI/CSIO
1 RXINT internal interrupt has been generated by the ASCI/CSIO

Interrupt Enable Register 0 (IER0): Interrupt enable register O specifies whether to enable the
interrupt requests from interrupt status register 0 (ISR0). This register is cleared to 0 by a reset.

7 8 5 4 3 2 1 0

BitName | TXRDY1E | RXRDY1E | TXINTOE | RXINTOE | TXRDYOE | RXRDYOE | INT2E INT1E

Read/Write RW ' AW RW RW RW RW RW RW
Initial Value 0 0 0 0 0 0 0 0
ASCUCSIO TXRDY MSCI TXINT MSCI TXRDY INT2_External
Enable Enable Enable Interrupt Enable
0: Disabled 0: Disabled 0: Disabled 0: Disabled
1: Enabled 1: Enabled 1: Enabled 1: Enabled
ASCICSIO RXRDY MSCI RXINT MSCI RXRDY INT: External
Enable Enable Enable Interrupt Enable
0: Disabled 0: Disabled 0: Disabled 0: Disabled
1: Enabled 1: Enabled 1: Enabled 1: Enabled

Bit 7: TXRDYI1E (ASCI/CSIO TXRDY Enable)

TXRDY1E Functions
0 Disables TXRDY internal interrupts from the ASCI/CSIO
1 Enables TXRDY internal interrupts from the ASCI/CSIO

Bit 6: RXRDY1E (ASCI/CSIO RXRDY Enable)

RXRDYI1E Functions
0 Disables RXRDY internal interrupts from the ASCI/CSIO
1 Enables RXRDY internal interrupts from the ASCI/CSIO
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Bit 5: TXINTOE (MSCI TXINT Enable)

TXINTOE  Functions
0 Disables TXINT internal interrupts from the MSCI
1 Enables TXINT internal interrupts from the MSCI

Bit 4: RXINTOE (MSCI RXINT Enable)

RXINTOE  Functions
0 Disables RXINT internal interrupts from the MSCI
1 Enables RXINT internal interrupts from the MSCI

Bit 3: TXRDYOE (MSCI TXRDY Enable)

TXRDYOE Functions
0 Disables TXRDY internal interrupts from the MSCI
1 Enables TXRDY internal interrupts from the MSCI

Bit 2: RXRDYOE (MSCI RXRDY Enable)

RXRDYOE Functions
0 Disables RXRDY internal interrupts from the MSCI
1 Enables RXRDY internal interrupts from the MSCI

Bit 1: INT2E (INT2 External Interrupt Enable)

INT2E Functions
0 Disables INT?2 external interrupts
1 Enables INT?2 external interrupts

Bit 0: INT1E (INT1 External Interrupt Enable)

INTIE Functions
0 Disables INT1 external interrupts
1 Enables INT1 external interrupts

Interrupt Enable Register 1 (IER1): Interrupt enable register 1 specifies whether to enable interrupt
requests from interrupt status register 1. This register is cleared to 00H by a reset.
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7 6 5 4 3 2 1 0

BitName | T1IRQE TOIRQE DMIB1E DMIAE DMIBOE DMIAOE | TXINT1E | RXINTIE

Read/Write RW RW RW RW RW RW RW RW
Initial Value f 0 0 0 0 0 0 0
Timer Channel 1 DMA Interrupt B DMA Interrupt B ASclcsio
Interrupt Request Enable Channel 1 Enable Channel 0 Enable RXINT Enable
0: Disabled 0: Disabled 0: Disabled 0: Disabled
1: Enabled 1: Enabled 1: Enabled 1: Enabled
DMA Interrupt A
DMA Interrupt A DMA Interrupt A
Channr;le: I:nable Channel 0 Enable
0: Disabled C: Disabled
\: Enabled 1: Enabled
Timer Channel 0 ASCI/CSIO
Interrupt Request Enable TXINT Enable
0: Disabled 0: Disabled
1: Enabled 1: Enabled

Bit 7: TIIRQE (Timer Channel 1 Interrupt Request Enable)

TI1IRQE Functions
0 Disables timer channel 1 internal interrupts (T1IRQ)
1 Enables timer channel 1 internal interrupts (T1IRQ)

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

TOIRQE Functions
0 Disables timer channel 0 internal interrupts (TOIRQ)
1 Enables timer channel 0 internal interrupts (TOIRQ)

Bit 5: DMIB1E (DMA Interrupt B Channel 1 Enable)

DMIBIE Functions
0 Disables DMAC channel 1 internal interrupts (DMIA)
1 Enables DMAC channel 1 internal interrupts (DMIA)
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Bit 4: DMIA1E (DMA Interrupt A Channel 1 Enable)

DMIAIE  Functions ,
0 ‘ Disables DMAC channel 1 internal interrupts (DMIA)
1 Enables DMAC channel 1 internal interrupts (DMIA)

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

DMIBOE Functions
0 Disables DMAC channel 0 internal interrupts (DMIB)
1 Enables DMAC channel 0 internal interrupts (DMIB)

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

DMIAOE Functions
0 Disables DMAC channel O internal interrupts (DMIA)
1 Enables DMAC channel O internal interrupts (DMIA)

Bit 1: TXINTI1E (ASCI/CSIO TXINT Enable)

TXINTIE  Functions
0 Disables TXINT internal interrupts from the ASCI/CSIO
1 Enables TXINT internal interrupts from the ASCI/CSIO

Bit 0: RXINT1E (ASCI/CSIO RXINT Enable)

RXINTIE  Functions
0 Disables RXINT internal interrupts from the ASCI/CSIO
1 Enables RXINT internal interrupts from the ASCI/CSIO

Interrupt Enable Flags (IEF1 and IEF2): Interrupt enable flag IEF1 specifies whether to enable
maskable interrupts (INTo, INT1, INT2, and internal interrupts except TRAP). IEF1 = 1 enables
interrupts and IEF1 = 0 disables them.

IEF1 Functions
0 Disables maskable interrupts
1 Enables maskable interrupts
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IEF1 directly controls interrupt enable/disable status. IEF2 is used to save the value of IEF1. For
example, during execution of an NMI interrupt processing routine when NMI is requested to CPU, the
IEF1 value is saved to IEF2 and IEF4 is reset so that interrupts other than an NMI are disabled. When
returning from an NMI interrupt processing routine to the main program, the RETN (return from
NMI) instruction restores the original IEF1 value (stored in IEF2) automatically restoring the CPU

interrupt enable status.

Execution of an LD A, I or LD A, R instruction writes the IEF2 value to the P/V flag in the flag
register. Thus, the IEF2 value can be read through this flag.

When a maskable interrupt is accepted, IEFr and IEF2 are set to 0 to disable any subsequent maskable
interrupts. When control is returned from the interrupt processing routine to the main routine by an
RETI (return from interrupt) instruction, the IEF1 and IEF2 flags remain unchanged. Therefore, to
enable interrupts after returning to the main routine, an EI (enable interrupt) instruction must be

placed immediately before the last RETI instruction in the interrupt processing routine. This
instruction sets IEF1 and IEF?2 to 1, enabling maskable interrupts (INTo, INT1, INT2, and internal

interrupts except TRAP).

Table 3-8 lists the IEF1 and IEF2 values for CPU operations.

Table 3-8. IEF1 and IEF2 Values

CPU Operation IEF1 IEF2 Description

Reset 0 0 Disables all interrupts except NMI
and TRAP

After accepting NMI 0 IEF1 Saves the IEF1 value to [EF2

RETN IEF2 Unchanged Restores the status before

instruction execution the NMI was accepted

After accepting interrupts 0 0 Disables all interrupts except NMI

except NMI and TRAP and TRAP

RETI Unchanged Unchanged -

instruction execution

After accepting TRAP Unchanged Unchanged -

EI 1 1 -

instruction execution

DI 0 0 -

instruction execution
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Table 3-8. IEF1 and IEF2 Values (cont.)

CPU Operation IEF1 IEF2 Description

LDA,I Unchanged Unchanged Transfers the IEF2 value to the
instruction execution P/V flag

LDA,R Unchanged Unchanged Transfers the IEF2 value to the
instruction execution ‘ P/V flag

3.6.3 TRAP

TRAP is the highest priority interrupt. It oc¢urs when an undefined opcode is fetched during an
opcode fetch cycle. A TRAP interrupt is used to increase program reliability or to implement user-
defined instructions.

When a TRAP interrupt occurs, the CPU performs the following:

« Sets the TRAP bit in the interrupt control register (ICR) to 1.
¢ Saves the program counter (PC) value of the undefined opcode in the stack, then restarts from
logical address 0000H.

If logical address 0000H corresponds to physical address 00000H, a reset routine is executed. Since
the TRAP bit is only initialized to O by an actual reset (not by a reset caused by a TRAP), testing the
TRAP bit shows whether the restart has been caused by a reset or a TRAP.

A TRAP interrupt occurs regardless of the status of the IEF1 flag. Furthermore, it may occur when
INTo is used in mode 0 and an undefined opcode is fetched during an interrupt acknowledge cycle.

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

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

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

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

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

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

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

can be calculated as follows:

1. When TRAP = 1 and UFO = 0: The TRAP occurred while the CPU was fetching the second
opcode. The first opcode address is the PC value in the stack minus 1.
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2. When TRAP = 1 and UFO = 1: The TRAP occurred while the CPU was fetching the third opcode.

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

Figure 3-24 shows the timing for TRAP.

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

must not be inserted immediately after this state.
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Figure 3-24. (a) TRAP Cycle (Second Opcode is Undefined)
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3.6.4 Nonmaskable Interrupt (NMI)

NMI is a nonmaskable interrupt. When an NMI is detected, the current PC value is saved in the stack
and the CPU is restarted at logical address 0066H. The value of IEF1 is saved to IEF2, then IEF1 is

reset.

NMI is accepted even when the on-chip DMAC is in operation. It can be used to return bus control to
the CPU operation, thus suspending the DMAC operation from an external source.

An RETN instruction is used to return from the NMI interrupt processing routine to the main program.
This instruction also moves the contents of IEF?2 into IEF1, thus restoring the IEF1 status before the

NMI interrupt processing.

Figure 3-25 shows the NMI processing flow.
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