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Introduction

The SH7032 and SH7034 are part of a new generation of reduced instruction-set computer-type
(RISC) microcomputers that integrate RISC-type CPUs and the peripheral functions required for
system configuration onto a single chip to achieve high-performance operations processing. They
can operate in a power-down state, which is an essential feature for portable equipment.

The SH7032 and SH7034 CPUs have RISC-type instruction sets. Basic instructions can be
executed in a single clock cycle, which strikingly improves instruction execution speed. The
SH7032 and SH7034 include peripheral functions such as large-capacity ROM (PROM or masked
ROM), RAM, a direct memory access controller (DMAC), timers, a serial communication
interface (SCI), an A/D converter, an interrupt controller (INTC), and 1/0 ports. These on-chip
elements enable users to construct systems with the fewest possible components. External
memory access support functions enable direct connection to SRAM and DRAM. without the use
of glue logics.

This Hardware Manual describes in detail the hardware functions of the SH7032 and SH7034. For
information on the instructions, please refer to the Programming Manual.

Related Manuals
SH7000 Series Instructions
"SH7000/7600 Series Programming Manual" (Document No. ADE-602-063A).

For software development support tools, contact your Hitachi sales office.



Organization of This Manual

Table 1 describes how this manual is organized. Figure 1 shows the relationships between the
Sections within this manual.

Table 1 Manual Organization
Abbrev-
Category Section Title ation Contents
Introduction 1. Introduction — Features, internal block diagram, pin layout, pin
functions
CPU 2. CPU CPU  Register configuration, data structure. instruction
features, instruction types, instruction lists
Operating 3. Operating — MCU mode, PROM mode
Modes Modes
Internal 4. Exception — Resets, address errors, interrupts, trap instructions,
Modules Processing illegal instructions
5. Interrupt INTC  NMl interrupts, user break interrupts, IRQ interrupts,
Controller on-chip module interrupts
6. UserBreak UBC Break address and break bus cycles selection
Controller
Clock 7. Clock Pulse CPG  Crystal pulse generator, duty correction circuit
Generator
Buses 8. Bus Controller BSC Division of memory space, DRAM interface, refresh,

wait state control, parity control

9. Direct Memory DMAC Auto request, external request, on-chip peripheral

Access module request, cycle steal mode, burst mode
Controller

Timers 10. 16-Bit ITU Waveform output mode, input capture function, counter
Integrated- clear function, buffer operation, PWM mode,
Timer Pulse complementary PWM mode, reset synchronized mode,
Unit synchronized operation, phase counting mode,

compare match output mode

11. Program-able TPC Compare match output triggers, non-overlap operation
Timing Pattern

Controller
12. Watchdog WDT  Watchdog timer mode, interval timer mode
Timer
Data 13. Serial SCI Asynchronous mode, clock synchronous mode,
Processing Communica- multiprocessor communication function

tion Interface

14. A/D Converter A/D Single mode, scan mode, activation by external trigger




Table 1 Manual Organization (cont)

Abbrev-
Category Section Title ation Contents
Pins 15. Pin Function PFC Pin function selection
Controller
16. Parallel /O  1/O 1/0 port
Ports
Memory 17. ROM ROM  PROM mode, high-speed programming system
18. RAM RAM  On-chip RAM
Power-Down 19. Power-Down — Sleep mode, standby mode
States States
Electrical 20. Electrical — Absolute maximum ratings, AC characteristics, DC

Characteristics Characteristics characteristics, operation timing
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Addresses of On-Chip Peripheral Module Registers

The on-chip peripheral module registers are located in the on-chip peripheral module space (area
5: H'S000000-H'SFFFFFF), but since the actual register space is only 512 bytes, address bits A23—
A9 are ignored. 32k shadow areas in 512 byte units that contain exactly the same contents as the
actual registers are thus provided in the on-chip peripheral module space.

In this manual, register addresses are specified as though the on-chip peripheral module registers
were in the 512 bytes H'SFFFEOO-H'SFFFFFF. Only the values of the A27-A24 and A8-AO0 bits
are valid; the A23—A09 bits are ignored. When H'5000000-H'50001FF is accessed, for example,
the result will be the same as when H'SFFFEQO-H'SFFFFFF is accessed. For more details, see
Section 8.3.5, Area Description: Area S.
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Section 1 Overview

1.1 SH Microcomputer Features

The SH microcomputer (SH7000 series) is a new generation reduced instruction set computer
(RISC) in which a Hitachi-original CPU and the peripheral functions required for system
configuration are integrated onto a single chip.

The CPU has a RISC-type instruction set. Most instructions can be executed in one clock cycle,
which strikingly improves instruction execution speed. In addition, the CPU has a 32-bit internal
architecture for enhanced data-processing ability. As a result, the CPU enables high-performance
systems to be constructed with advanced functionality at low cost, even in applications such as
realtime control that require very high speeds. an impossibility with conventional microcomputers.

The SH microcomputer includes peripheral functions such as large-capacity ROM, RAM, a direct
memory access controller (DMAC), timers, a serial communication interface (SCI), an A/D
converter. an interrupt controller (INTC), and I/O ports. External memory access support functions
enable direct connection to SRAM and DRAM. These features can drastically reduce system cost.

For on-chip ROM, masked ROM or electrically programmable ROM (PROM) can be selected.
The PROM version can be programmed by users with a general-purpose EPROM programmer.

Table 1.1 lists the features of the SH microcomputers (SH7032 and SH7034).
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Table 1.1  Features of the SH7032 and SH7034 Microcomputers

Feature

Description

CpPU

Original Hitachi architecture

32-bit internal data paths

General-register machine:

¢ Sixteen 32-bit general registers
¢ Three 32-bit control registers

¢ Four 32-bit system registers

RISC-type instruction set:

* Instruction length: 16-bit fixed length for improved code
efficiency

¢ Load-store architecture (basic arithmetic and logic operations
are executed between registers)

« Delayed unconditional branch instructions reduce pipeline
disruption

e Instruction set optimized for C language

Instruction execution time: one instruction/cycle (50 ns/instruction
at 20-MHz operation)

Address space: 4 Gbytes available on the architecture

On-chip multiplier: multiplication operations (16 bits x 16 bits —
32 bits) executed in 1-3 cycles, and multiplication/accumulation
operations (16 bits x 16 bits + 42 bits — 42 bits) executed in 2-3
cycles

Five-stage pipeline

Operating modes

Operating modes:
¢ On-chip ROMless mode
¢ On-chip ROM mode (SH7034 only)

Processing states:

* Power-on reset state

* Manual reset state

¢ Exception processing state
¢ Program execution state

* Power-down state

¢ Bus-released state

Power-down states:
e Sleep mode
¢ Software standby mode
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Table 1.1  Features of the SH7032 and SH7034 Microcomputers (cont)

Feature

Description

Interrupt controller (INTC)

Nine external interrupt pins (NMI, TIRQ0-IRQ7)

Thirty-one internal interrupt sources

Sixteen programmable priority levels

User break controller (UBC)

Generates an interrupt when the CPU or DMAC generates a bus
cycle with specified conditions

Simplifies configuration of a self-debugger

Clock pulse generator (CPG)

On-chip clock pulse generator (maximum operating frequency: 20
MHz):

* 20-MHz pulses can be generated from a 20-MHz crystal with a
duty cycle correcting circuit

Bus state controller (BSC)

Supports external memory access:
 Sixteen-bit external data bus

Address space divided into eight areas with the following preset
features:

* Bus size (8 or 16 bits)
* Number of wait cycles can be defined by user.
* Type of area (external memory area, DRAM area, etc.)

— Simplifies connection to ROM, SRAM, DRAM, and
peripheral 1/0

* When the DRAM area is accessed:
— RAS and CAS signals for DRAM are output
— Tp cycles can be generated to assure RAS precharge time

— Address multiplexing is supported internally, so DRAM can
be connected directly

* Chip select signals (CS0 to CS7) are output for each area

DRAM refresh function:
¢ Programmable refresh interval
¢ Supports CAS-before-RAS refresh and self-refresh modes

DRAM burst access function:
¢ Supports high-speed access modes for DRAM

Wait cycles can be inserted by an external WAIT signal

One-stage write buffer improves the system performance

Data bus parity can be generated and checked
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Table 1.1  Features of the SH7032 and SH7034 Microcomputers (cont)

Feature

Description

Direct memory access
controller (DMAC)
(4 channels)

Permits DMA transfer between the following modules:
* External memory .

* External /O

¢ On-chip memory

* Peripheral on-chip modules (except DMAC)

DMA transfer can be requested from external pins, on-chip SCI, on-
chip timers, and on-chip A/D converter

Cycle-steal mode or burst mode

Channel priority level is selectable

Channels 0 and 1: dual or single address transfer mode is selectable;
external request sources are supported; Channels 2 and 3: dual
address transfer mode, internal request sources only

16-bit integrated-timer
pulse unit (ITU)

Ten types of waveforms can be output

Input pulse width and cycle can be measured

PWM mode: pulse output with 0—100% duty cycle (maximum
resolution: 50 ns)

Complementary PWM mode: can output a maximum of three pairs of
non-overlapping PWM waveforms

Phase counting mode: can count up or down according to the phase
of an external two-phase clock

Timing pattern controller
(TPC)

Maximum 16-bit output (4 bits x 4 channels) can be output

Non-overlap intervals can be established between pairs of waveforms

Timing-source timer is selectable

Watchdog timer (WDT)
_ (1 channel)

Can be used as watchdog timer or interval timer

Timer overflow can generate an internal reset, external signal, or
interrupt

Power-on reset or manual reset can be selected as the internal reset

Serial communication

Asynchronous or clocked synchronous mode is selectable

interface (SCI) (2 channels) 4 transmit and receive simultaneously (full duplex)

On-chip baud rate generator in each channel

Multiprocessor communication function

A/D converter

Ten bits x 8 channels

Can be externally triggered

Variable reference voltage
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Table 1.1  Features of the SH7032 and SH7034 Microcomputers (cont)

Feature Description

1/0 ports Total of 40 I/O lines (32 input/output lines, 8 input-only lines):

¢ Port A: 16 input/output lines (input or output can be selected for
each bit)

¢ Port B: 16 input/output lines (input or output can be selected for
each bit)

e Port C: 8 input lines

Large on-chip memory SH7034 (on-chip ROM version): 64-kbyte electrically programmable
ROM or masked ROM, and 4-kbyte RAM

SH7032 (ROMless version): 8-kbyte RAM
32-bit data can be accessed in one clock cycle

Table 1.2  Product Line

Product On-Chip Operating Operating Model Package

Number ROM Voltage Frequency

SH7034 PROM 50V. 2-20 MHz HD6477034F20 112-pin plastic QFP (FP-112)
2-16.6 MHz HD6477034F16

33V 2-12.5 MHz HD6477034VF12*
Masked 5.0V 2-20 MHz HD6437034F20
~ ROM 2-16.6 MHz HD6437034F16

3.3V 2-12.5 MHz HD6437034VF12*
SH7032 None 50V 2-20 MHz HD6417032F20
2-16.6 MHz HD6417032F16
33V 2-12.5 MHz HD6417032VF12*
Note: Under development
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1.2  Block Diagram
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Figure 1.1 Block Diagram
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1.3  Pin Descriptions

1.3.1 Pin Arrangement
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Figure 1.2 Pin Arrangement
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1.3.2  Pin Functions
Table 1.3 describes the pin functions.

Table 1.3  Pin Functions

Type Symbol PinNo. VO Name and Function
Power Vee 15, 43,70, | Power: Connected to the power supply. Connect all Ve
75, 77*, 83, pins to the system power supply . The chip will not
84, 99 operate if any Vg pin is left unconnected.
Vss 312,22, | Ground: Connected to ground. Connect all Vgg pins to
31, 40, 52, the system -ground. The chip will not operate if any Vgg
61, 72, 96, pin is left unconnected.
106
Vpp 7 | PROM programming power supply: Connected to the

power supply (Vcc) during normal operation. Apply
+12.5 V when programming the PROM in the SH7034

(PROM version).

Clock EXTAL 73 | Crystal/external clock: Connected to a crystal resonator
or external clock input having the same frequency as the
system clock (CK).

XTAL 74 | Crystal: Connected to a crystal resonator with the same

frequency as the system clock (CK). If an external clock is
input at the EXTAL pin, leave XTAL open.

CK 71 O  System clock: Supplies the system clock (CK) to
peripheral devices.

System RE 79 | Reset: Low input causes a power-on reset if NMI is high,
control or a manual reset if NMl is low.
WDTOVF 78 O  Watchdog timer overflow: Overflow output signal from the

watchdog timer.

BREQ 62 I Bus request: Driven low by an external device to request
the bus ownership.

BACK 60 O  Bus request acknowledge: Indicates that bus ownership
has been granted to an external device. By receiving the
BACK signal, a device that has sent a BREQ signal can
confirm that it has been granted the bus.

Note: Pin 77 is V¢ in the SH7032, SH7034 (Masked ROM version) and Vpp in the SH7034
(PROM version).
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Table 1.3

Pin Functions (cont)

Type Symbol  Pin No. IO Name and Function
Operating MD2, 82,81,80 | Mode select: Selects the operating mode. Do not change
mode MD1, these inputs while the chip is operating. The following
control MDO table lists the possible operating modes and their
corresponding MD2-MDO values.
Operating On-chip Bus Size in
MD2 MD1 MDO Mode ROM Area 0
0 0] 0 MCU mode Disabled 8 bits
0 0 1 16 bits
0 1 0 Enabled
0 1 1 (Reserved)
1 0 0
1 0 1
1 1 0
1 1 1 PROM mode
Interrupts  NMI 76 | Nonmaskable interrupt: Nonmaskable interrupt request
signal. The rising or falling edge can be selected for
signal detection.
IRQO- 66, 67, 68, | Interrupt request 0—7: Maskable interrupt request signals.
IRQ7 69, 111, Level input or edge-triggered input can be selected.
112,1,2
IRQOUT 63 O Slave interrupt request output: Indicates occurrence of an
interrupt while the bus is released.
Address A21-A0 47-44,42, O  Address bus: Outputs addresses.
bus 41, 39-32,
30-23
Data bus AD15-ADO0 21-16, 14, 1/0 Data bus: 16-bit bidirectional data bus that is multiplexed
13, 11-4 with the lower 16 bits of the address bus.
DPH 65 /0 Upper data bus parity: Parity data for D15-D8.
DPL 64 /0 Lower data bus parity: Parity data for D7-DO.
Bus WAIT 56 [ Wait: Requests the insertion of wait states (Tyy) into the
control bus cycle when the external address space is accessed.
RA 54 O Row address strobe: DRAM row-address strobe-timing
signal.
CASH 49 O  Column address strobe high: DRAM column-address

strobe-timing signal outputs low level to access the upper

eight data bits.
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Table 1.3  Pin Functions (cont)

Type Symbol  Pin No. VO Name and Function

Bus control- CASL 51 O  Column address strobe low: DRAM column-address
(cont) strobe-timing signal outputs low level to access the lower
eight data bits.

RD 59 O Read: Indicates reading of data from an external device.

RH 58 O  Upper write: Indicates write access to the upper eight bits
of an external device.

WRL 57 O  Lower write: Indicates write access to the lower eight bits
of an external device.

S0-CS7 .48,49,50, O Chip select 0-7: Chip select signals for accessing

51, 53, 54, external memory and devices.
55, 56
AH 63 O  Address hold: Address hold timing signal for a device

using a multiplexed address/data bus.

HBS, LBS 23, 58 O  Upper/lower byte strobe: Upper and lower byte strobe
signals. (Also used as WRH and A0.)

WR 57 O  Write: Brought low during write access. (Also used as
WRL.)
DMAC DREQO, 67,69 | DMA transfer request (channels 0 and 1): Input pins for
DREQ1 external DMA transfer requests.
DACKO, 66, 68 O DMA transfer acknowledge (channels 0 and 1): Indicates
DACK1 that DMA transfer is acknowledged.
16-bit TIOCAO, 53,55 I/0 ITU input capture/output compare (channel 0): Input
integrated- TIOCBO capture or output compare pins.
tmerg_ulse TIOCA1, 64,65 I/0 ITU input capture/output compare (channel 1): Input
unit (ITY) - 110¢B1 capture or output compare pins.
TIOCA2, 97,98 1/0 ITU input capture/output compare (channel 2): Input
TIOCB2 capture or output compare pins.
TIOCA3, 100,101 /O ITU input capture/output compare (channel 3): Input
TIOCB3 capture or output compare pins.
TIOCA4, 102,103 /O ITU input capture/output compare (channel 4): Input
TIOCB4 capture or output compare pins.
TOCXA4, 104,105 O ITU output compare (channel 4): Output compare pins.
TOCXB4
TCLKA- 66, 67, | ITU timer clock input: External clock input pins for ITU
TCLKD 104, 105 counters.
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Table 1.3  Pin Functions (cont)

Type Symbol

Pin No. /0

Name and Function

Timing TP15-TPO 2, 1, 112— O  Timing pattern output 15-0: Timing pattern output pins.
pattern 107, 105-
controller 100, 98, 97
(TPC)
Serial com- TxDO, 108,110 O Transmit data (channels 0 and 1): Transmit data output
munication TxD1 pins for SCIO and SCI1.
interface  g,ng, 107,109 |  Receive data (channels 0 and 1): Receive data input pins
(SCI) RxD1 for SCI0 and SCI1.
SCKO, 111,112 1/O Serial clock (channels 0 and 1): Clock input/output pins
SCK1 for SCI0 and SCI1.
A/D AN7-ANO 95-92, | Analog input: Analog signal input pins.
converter 90-87
ADTRG 63 | A/D trigger input: External trigger input for starting A/D
conversion.
AV e 86 | Analog reference power supply: Input pin for the analog
reference voltage.
AVce 85 | Analog power supply: Power supply pin for analog
circuits. Connect to the V¢ potential.
AVgg 91 | Analog ground: Power supply pin for analog circuits.
Connect to the Vgg potential.
/0O ports PA15-PAQ 69-62, 1/O  Port A: 16-bit input/output pins. Input or output can be
60-53 selected individually for each bit.
PB15-PB0 2, 1, 112— /O Port B: 16-bit input/output pins. Input or output can be
107, 105~ selected individually for each bit.
100, 98, 97
PC7-PCO 95-92, | Port C: 8-bit input pins.
90-87
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1.3.3  Pin Layout by Mode

Table 1.4 shows pin layout by mode

Table 1.4  Pin Layout by Mode

PROM Mode PROM Mode
Pin (SH7034PR-  Pin (SH7034PR-
No. MCU Mode OM version) No. MCU Mode OM version)
1 PB14/TP14/IRQ6 NC 29 A6 A6
2  PB15/TP15/IRQ7 NC 30 A7 A7
3  Vss Vss 31 Vss Vss
4  ADO DO 32 A8 A8
5  AD1 D1 3 A9 OE
6 AD2 D2 34 A10 A10
7  AD3 D3 35 AN A1
8 AD4 D4 36 A12 A12
9 AD5 D5 37 A13 A13
10 AD6 D6 38 A4 A14
11 AD7 D7 39 Af15 A15
12 Vgs Vss 40 Vss Vss
13 ADS8 NC 41 A16 A16
14  AD9 NC 2 A17 Vee
15 Vee Vee 43  Vee Vee
16 AD10 NC 44 A18 Vee
17 ADU1 NC 45 A19 Vee
18  AD12 NC 46 A20 NC
19 AD13 NC 47 A1 NC
20 AD14 NC 48 CSO NC
21  ADi15 NC 49 CS1/CASH NC
22 Vgg Vss 50 CS2 NC
23 A0 (HBS) A0 51 CS3/CASL NC
24 A1 A1 52 Vgg Vss
25 A2 A2 53 PAO/CS4/TIOCAQ NC
26 A3 A3 54 PA1/CS5/RAS NC
27 A4 A4 55 PA2/CS6/TIOCBO PGM
28 A5 A5 56 PA3/CS7WAIT CE
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Table 1.4  Pin Layout by Mode (cont)

PROM Mode . PROM Mode
Pin (SH7034PR-  Pin (SH7034PR-
No. MCU Mode OM version) No. MCU Mode OM version)
57 PA4/WRL (WR) NC. 85 AVcc Vee
58 PAS/WRH (LBS) NC 86 AVref Vee
59 PA6/RD NC 87 PCO/ANO Vss
60 PA7/BACK NC 88 PC1/AN1 Vgs
61 Vgg Vss 89 PC2/AN2 Vss
62 PA8/BREQ NC 90 PC3/AN3 Vgs
63 PA9/AH/IRQOUT/ADTRG NC 91  AVgg Vss
64 PA10/DPL/TIOCA1 NC 92 PC4/AN4 Vss
65 PA11/DPH/TIOCB1 NC 93 PCS5/AN5 Vss
66 PA12/[IRQO/DACKO/TCLKA NC 94 PC6/ANG Vss
67 PA13/IRQT/DREQO/TCLKB NC 95 PC7/AN7 Vss
68 PA14/IRQ2/DACK1 NC 96 Vgs Vss
69 PA15/IRQ3/DREQT NC 97  PBO/TPO/TIOCA2 NC
70 Vee Vee 98 PB1/TP1/TIOCB2 NC
71 CK NC 99 Vce Vee
72 Vgg Vss 100 PB2/TP2/TIOCA3 NC
73 EXTAL NC 101 PB3/TP3/TIOCB3 NC
74  XTAL NC 102 PB4/TP4/TIOCA4 NC
75  Vee Vee 103 PBS5/TP5/TIOCB4 NC
76 NMI A9 104 PB6/TP6/TOCXA4/TCLKC NC
77 Vee Vpp 105 PB7/TP7/TOCXB4/TCLKD NC
78 WDTOVF NC 106 Vsg Vss
79 RES Vss 107 PB8/TP8/RxDO0 NC
80 MDO Vee 108 PB9/TP9/TxDO NC
81 MD1 Vee 109 PB10/TP10/RxD1 NC
82 MD2 Vee 110 PB11/TP11/TxD1 NC
83 Vcc Vee 111 PB12/TP12/IRQ4/SCKO  NC
84 Vcc Vee 112 PB13/TP13/IRQ5/SCK1 NC
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Section 2 CPU

2.1  Register Configuration

The register set consists of sixteen 32-bit general registers, three 32-bit control registers, and four
32-bit system registers.

2.1.1  General Registers (Rn)

General registers Rn consist of sixteen 32-bit registers (R0—R15). General registers are used for
data processing and address calculation. Register RO also functions as an index register. For some
instructions, the RO register must be used. Register R15 functions as a stack pointer to save or
recover status registers (SR) and program counter (PC) during exception processing.

31 0

RO RO functions as an index register
R1 in the indexed register addressing
Ro mode and indirect indexed GBR
addressing mode. In some instruc-
R3 tions, RO functions as a source

R4 register or a destination register.

R5
Ré
R7
R8
R9
R10
R11
R12
R13
R14

R15, SP R15 functions as a stack pointer (SP)
during exception processing.

Figure 2.1 General Registers (Rn)

2.1.2  Control Registers

Control registers consist of the 32-bit status register (SR), global base register (GBR), and vector
base register (VBR). The status register indicates processing states. The global base register
functions as a base address for the indirect GBR addressing mode to transfer data to the registers
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of peripheral on-chip modules. The vector base register functions as the base address of the
exception processing vector area including interrupts.

31 98 76543210
SR| --------- MQI3 12 1110 -~ ST | SR: Status register

T I L,T bit: The MOVT, CMP, TAS, TST,

BT, BF, SETT, and CLRT instructions
use the T bit to indicate a true (1) or
false (0). The ADDV, ADDC, SUBV,
SUBC, DIVOU, DIVOS, DIV1, NEGC,
SHAR, SHAL, SHLR, SHLL, ROTR,
ROTL, ROTCR and ROTCL

instructions also use the T bit to indicate
carry/borrow or overflow/underflow

— S bit: Used by the MAC instruction.

» Reserved bits. These bits always read 0.
The write value should always be 0.

——— > Bits 10-13: Interrupt mask bits.

»M and Q bits: Used by the DIVOU, DIVOS,
and DIV1 instructions.

Global base register (GBR):
31 0 Indicates the base address of the indirect
GBR GBR addressing mode. The indirect GBR
addressing mode is used to transfer data
to the register areas peripheral on-chip
modules.

31 0 Vector base register (VBR):
VBR Stores the base address of the exception
processing vector area.

Figure 2.2 Control Registers

2.1.3 System Registers

System registers consist of four 32-bit registers: multiply and accumulate registers high and low
(MACH and MACL), procedure register (PR), and program counter (PC). The multiply and
accumulate registers store the results of multiply and accumulate operations. The procedure
register stores the return address from the subroutine procedure. The program counter stores.
program addresses to control the flow of the processing.
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31 9 0 Multiply and accumulate (MAC) registers
(Sign extended) MACH hlgh and low (MACH, MACL) Store the

results of multiply and accumulate opera-
MACL tions. MACH is sign-extended when read
because only the lowest 10 bits are valid.

Procedure register (PR): Stores a return
l PR ;
address from a subroutine procedure.

31 0 Program counter (PC): Indicates the
PC fourth byte (second instruction) after
the current instruction.

Figure 2.3 System Registers

2.1.4 Initial Values of Registers

Table 2.1 lists the values of the registers after reset.

Table 2.1 Initial Values of Registers

Classification Register Initial Value
General register R0-R14 Undefined
R15 (SP) Value of the stack pointer in the vector address table
Control register SR Bits 10-13 are 1111(H'F), reserved bits are 0, and other
bits are undefined
GBR Undefined
VBR H'00000000
System register MACH, MACL, PR Undefined
PC Value of the program counter in the vector address table

2.2 Data Formats

221 Data Format in Registers

Register operands are always long words (32 bits). When the memory operand is only a byte (8
bits) or a word (16 bits), it is sign-extended into a long word when stored into a register
(figure 2.4).

HITACHI 17




w
-
(@]

Long word

Figure 2.4 Data Format in Registers

2.2.2 Data Format in Memory

Memory data formats are classified into bytes, words, and long words. Byte data can be accessed
from any address, but an address error will occur if you try to access word data starting from an
address other than 2n or long word data starting from an address other than 4n. In such cases, the
data accessed cannot be guaranteed. The hardware stack area, which is referred to by the hardware
stack pointer (SP, R15), uses only long word data starting from address 4n because this area stores
the program counter and status register (figure 2.5).

Address m + 1 Address m + 3
Address m Address m + 2
Tst ¢ 23 15 ¢ 7 o]
7 Byte 0|7 Byte 0|7 Byte 0|7 Byte O
Address 2n —» | 15 Word 0}15 Word 0
Address 4n —» |31 - Long word 0
L L

Figure 2.5 Data Format in Memory

2.2.3 Immediate Data Format

Byte (8-bit) immediate data is located in the instruction code. Immediate data accessed by the
MOV, ADD, and CMP/EQ instructions is sign-extended and is handled in registers as long word
data. Immediate data accessed by the TST, AND, OR, and XOR instructions is zero-extended and
is handled as long word data. Consequently, AND instructions with immediate data always clear
the upper 24 bits of the destination register.

Word or long word immediate data is not located in the instruction code but rather is stored in a
memory table. The memory table is accessed by a immediate data transfer instruction (MOV)
using the PC relative addressing mode with displacement.
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2.3 Instruction Features

2.3.1 RISC-Type Instruction Set
All instructions are RISC type. Their features are as follows:

16-Bit Fixed Length: Every instruction is 16 bits long, making program coding much more
efficient.

One Instruction/Cycle: Basic instructions can be executed in one cycle using the pipeline system.
One-cycle instructions are executed in 50 ns at 20 MHz. .

Data Length: Long word is the standard data length for all operations. Memory can be accessed
in bytes, words, or long words. Byte or word data accessed from memory is sign-extended and
handled as long word data. Immediate data is sign-extended for arithmetic operations or zero-
extended for logic operations (handled as long word data).

Table 2.2  Sign Extension of Word Data

CPU of SH7000 Series Description Conventional CPUs
MOV.W Data is sign-extended to 32 bits, and ADD.W
@ (dlsp, PC),R1 R1 becomes H'00001234. It is next #H'1234,R0

ADD R1,R0O operated upon by an ADD instruction.

.DATA.W H'1234

Note: The address of the immediate data is accessed by @(disp, PC).

Load-Store Architecture: Basic operations are executed between registers. For operations that
involve memory, data is loaded to the registers and executed (load-store architecture). Instructions
such as AND that manipulate bits, however, are executed directly in memory.

Delayed Branch Instructions: Unconditional branch instructions are delayed. Pipeline disruption
during branching is reduced by first executing the instruction that follows the branch instruction,
and then branching. See the SH7000/SH7600 Series Programming Manual for details.

Table 2.3 Delayed Branch Instructions

CPU of SH7000 Series Description Conventional CPU
BRA TRGET Executes an ADD before ADD.W R1,R0
ADD R1,RO branChing to TRGET. BRA TRGET
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Multiplication/Accumulation Operation: The five-stage pipeline system and the on-chip
multiplier enable 16-bit x 16-bit — 32 bit multiplication operations to be executed in 1-3 cycles.
16 bit x 16 bit + 42 bit — 42 bit multiplication/accumulation operations can be executed in 2-3
cycles.

T bit: T bit (in the status register) is set according to the result of a comparison, and in turn is the
condition (True/False) that determines if the program will branch. The T bit in the status register is
only changed by selected instructions, thus improving the processing speed.

Table 2.4 T bit

CPU of SH7000 Series Description Conventional CPU
CMP/GE R1,R0 T bitis setwhen RO > R1. The program CMP.W R1,RO
BT TRGETO branches to TRGETO when RO > R1 and BGE TRGETO

to TRGET1 when RO<R1.

BF TRGET1 BLT TRGET1
ADD #-1,R0 T bit is not changed by ADD. T bitis set SUB.W #1,R0
TST RO,RO when R0=0. The program branchesif ~ gggy  TRGET

BT TRGET RO=0.

Immediate Data: Byte (8-bit) immediate data is located in the instruction code. Word or long
word immediate data is not located in instruction codes but is stored in a memory table. The
memory table is accessed by a immediate data transfer instruction (MOV) using the PC relative
addressing mode with displacement.

Table2.5 Immediate Data Accessing

Classification CPU of SH7000 Series Conventional CPU
8-bit immediate MOV #H'12,R0 MOV.B #H'1l2,R0
16-bit immediate MOV.W @(disp,PC),R0O MOV.W #H'1234,R0

.DATA.W H'1234

32-bit immediate MOV.L @(disp,PC),RO MOV.L #H'12345678,
......... RO
.DATA.L  H'12345678

Note: The address of the immediate data is accessed by @ (disp, PC).

Absolute Address: When data is accessed by absolute address, the value already in the absolute
address is placed in the memory table. By loading the immediate data when the instruction is
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executed, that value is transferred to the register and the data is accessed in the indirect register
addressing mode.

Table 2.6  Absolute Address Accessing

Classification CPU of SH7000 Series Conventional CPU
Absolute address MOV.L @(disp,PC),R1 MOV.B
MOV. B @R1,RO @H'12345678,R0

.DATA.L  H'12345678

Note: The address of the immediate data is accessed by @ (disp, PC).

16/32-Bit Displacement: When data is accessed by 16-bit or 32-bit displacement, the pre-existing
displacement value is placed in the memory table. By loading the immediate data when the
instruction is executed, that value is transferred to the register and the data is accessed in the
indirect indexed register addressing mode.

Table 2.7  Accessing by Displacement

Classification CPU of SH7000 Series Conventional CPU
16-bit displacement MOV .W @(disp, PC),RO MOV.W @(H'1234,R1),R2
MOV.W @(RO,R1),R2

.DATA.W H'1234

Note: The address of the immediate data is accessed by @ (disp, PC).
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2.3.2 Addressing Modes

Addressing modes and effective address calculation are described in table 2.8.

Table 2.8 Addressing Modes and Effective Addresses

Addressing Mnemonic

Mode Expression Effective Addresses Calculation - Equation
Direct Rn The effective address is register Rn. (The operandis —
register the contents of register Rn.)
addressing
Indirect @Rn The effective address is the content of register Rn. Rn
register |
addressing Rn Rn
Post-incre- @Rn + The effective address is the content of register Rn. A Rn
ment constant is added to the content of Rn after the (After the
indirect instruction is executed. 1 is added for a byte instruction is
register operation, 2 for a word operation, and 4 for a long executed)
addressing word operation.
Byte: Rn + 1
| An | B )
° — Rn
Long word:
1/2/4 Rn+4 - ARn
Pre-decre- @-Rn The effective address is the value obtained by Byte: Rn — 1
ment subtracting a constant from Rn. 1 is subtracted fora — Rn
indirect byte operation, 2 for a word operation, and 4 for a
register long word operation. Word: Rn -2
addressing —Rn
Long word:
Rn — 1/2/4 Rn -4 — Rn

(Instruction
executed with
Rn after
calculation)
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Table 2.8

Addressing Mnemonic

Addressing Modes and Effective Addresses (cont)

Mode Expression Effective Addresses Calculation Equation
Indirect @ (disp:4, The effective address is Rn plus a 4-bit displacement Byte: Rn +
register Rn) (disp). disp is zero-extended, and remains the same  disp
addressing for a byte operation, is doubled for a word operation, Word: Rn +
with and is quadrupled for a long word operation. disp x 2
displace-
ment Long word:
Rn + disp x 4
disp Rn + disp x 1/2/4 |
(zero-extended)
Indirect @(RO, Rn)  The effective address is the Rn value plus RO. Rn + RO
indexed
register
addressing
®
Indirect @(disp:8, The effective address is the GBR value plus an 8-bit  Byte: GBR +
GBR GBR) displacement (disp). The value of disp is zero- disp
addressing extended, and remains the same for a byte Word: GBR +
with operation, is doubled for a word operation, and is disp x 2
displace- quadrupled for a long word operation.
ment » Long word:
GBR + disp x
4
disp ) GBR
(zero-extended) + disp x 1/2/4
Indirect @ (RO, The effective address is the GBR value plus the R0. GBR + RO
indexed GBR)
GBR
addressing
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Table 2.8 Addressing Modes and Effective Addresses (cont)

Addressing Mnemonic

Mode Expression Effective Addresses Calculation

Equation

PC relative  @(disp:8,
addressing  PC)
with dis-

placement

The effective address is the PC value plus an 8-bit
displacement (disp). disp is zero-extended, and

remains the same for a byte operation, is doubled for

a word operation, and is quadrupled for a long word

operation. For a long word operation, the lowest two

bits of the PC are masked.

PC +dispx 2
H'FFFFFFFC or
PC&H'FFFFFFFC
disp +disp x 4

(zero-extended)

*: For long word

Word: PC +
disp x 2
Long word:
PC &
H'FFFFFFFC
+ disp x 4

PC relative  disp:8
addressing

The effective address is the PC value sign-extended PC + disp x 2

with an 8-bit displacement (disp), doubled, and
added to the PC.

disp
(sign-extended)

PC +dispx 2

disp:12

The effective address is the PC value sign-extended PC + disp x 2

with a 12-bit displacement (disp), doubled, and
added to the PC.

disp
(sign-extended)

PC +dispx 2
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Table 2.8  Addressing Modes and Effective Addresses (cont)

Addressing Mnemonic

Mode Expression Effective Addresses Calculation Equation
Immediate  #imm:8 The 8-bit immediate data (imm) for the TST, AND, —
addressing OR, and XOR instructions are zero-extended.

#imm:8 The 8-bit immediate data (imm) for the MOV, ADD, —

and CMP/EQ instructions are sign-extended.

#imm:8 Immediate data (imm) for the TRAPA instructionis  —
zero-extended and is quadrupled.

2.3.3 Instruction Formats

The instruction format refers to the source operand and the destination operand. The meaning of
the operand depends on the instruction code. Symbols are as follows.

XXXX Instruction code
mmmm  Source register

nnnn  Destination register

iiii Immediate data
dddd  Displacement

Table 2.9  Instruction Formats

Source Destination Instruction
Instruction Formats Operand Operand Example
0 format — — NOP
15 0
XXXX  XXXX  XXXX  XXXX
n format — nnnn: Direct MOVT Rn
register
15 0 Control register  nnnn: Direct STS  MACH,Rn
XXXX | nNAN | XXXX XXXX or system register
register
— nnnn: Direct JMP @Rn
register

Control register
or system
register

nnnn: Indirect pre- STC.L SR, @-Rn
decrement register
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Table 2.9

Instruction Formats (cont)

Source Destination Instruction
Instruction Formats Operand Operand Example
m format mmmm: Direct Control register or LDC Rm, SR
register system register
15 0  mmmm: Indirect Control register or LDC.L @Rm+, SR
XXXX [mmmm] XXXX  XXXX post-increment system register
register
nm format mmmm: Direct nnnn: Direct ADD Rm, Rn
register register
15 0 mmmm: Direct nnnn: Direct MOV.L Rm,@Rn
xxxx | nnnn jmmmm| xxxx register register
mmmm: Indirect MACH, MACL MAC.W
post-increment @Rm+, @Rn+
register (multiply/
accumulate)
nnnn: Indirect
post-increment
register (multiply/
accumulate)*
mmmm: Indirect nnnn: Direct MOV.L @Rm+,Rn
post-increment register
register
mmmm: Direct nnnn: Indirect pre- MOV.L Rm, @-Rn
register decrement register
mmmm: Direct nnnn: Indirect MOV.L
register indexed register Rm, @ (RO, Rn)
md format mmmmdddd: RO (Direct register) MOV.B
15 indirect register @(disp,Rm),RO
with
XXXX  Xxxx {mmmm|{ dddd displacement
nd4 format RO (Direct nnnndddd: Indirect MOV.B
1 0 register) register with RO, @(disp,Rn)
XXXX  XxxX | nnnn | dddd displacement
Note: In MAC instructions, nnnn is the source register.
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Table 2.9

Instruction Formats (cont)

Source Destination
Instruction Formats Operand Operand Example
nmd format mmmm: Direct nnnndddd: Indirect MOV .L
15 register register with Rm, @ (disp, Rn)
displacement
[ XXXX ] nnnn Immmm[ dddd 'SP
mmmmdddd: nnnn: Direct MOV.L
Indirect register  register @(disp,Rm),Rn

with

displacement
d format dddddddd: RO (Direct register) MOV .L
15 0 Indirect GBR @(disp,GBR),RO
with
xxxx xxxx | dddd dddd displacement
RO(Direct dddddddd: Indirect MOV.L
register) GBR with RO, @(disp, GBR)
displacement
dddddddd: PC RO (Direct register) Mova
relative with @(disp, PC),RO
displacement
— dddddddd: PC BF disp
relative
d12 format — dddddddddddd: BRA disp
15 PC relative
xxxx | dddd dddd dddd
nd8 format dddddddd: PC nnnn: Direct MOV.L
15 0 relative with register @(disp, PC),Rn
: sl
X0 | nnnn | dddd  dddg | disPiacement
i format iiiiiili: Immediate  Indirect indexed AND.B
GBR #imm, @ (RO, GBR)
15 iiiiiiii: Immediate RO (Direct register) AND #imm, RO
XXXX XXX | didi diii
iiiiiiii: Immediate — TRAPA #imm
ni format iiiiiiii: Immediate  nnnn: Direct ADD #imm, Rn
15 register
XXXX | nnnn | Qiii diii
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24 Instruction Set

2.4.1 Instruction Set by Classification ‘

Table 2.10 lists instructions by classification.

Table 2.10 Classification of Instructions
Clas,siﬁ- Operation Number of
cation Types Code Function Instructions
Data 5 MOV Data transfer, immediate data transfer, peripheral 39
transfer module data transfer, structure data transfer

MOVA Effective address transfer

MOVT T bit transfer

SWAP Swap of upper and lower bytes

XTRCT Extraction of the middle of registers connected
Arithmetic 17 ADD Binary addition 28
operations ADDC Binary addition with carry

ADDV Binary addition with overflow check

CMP/cond Comparison

DIV1 Division

DIVOS Initialization of signed division

DIvou Initialization of unsigned division

EXTS Sign extension

EXTU Zero extension

MAC Multiplication and accumulation

MULS Signed muiltiplication

MULU Unsigned multiplication

NEG Negation

NEGC Negation with borrow

SuB Binary subtraction

SUBC Binary subtraction with carry

SuBv Binary subtraction with underflow check
Logic 6 AND Logical AND 14
operations NOT Bit inversion

OR Logical OR

TAS Memory test and bit set
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Table 2.10 Classification of Instructions (cont)

Classifi- Operation Number of
cation Types Code Function Instructions
Logic oper- 6 TST Logical AND and T bit set 14
ations(cont) XOR Exclusive OR
Shift 10 ROTL One-bit left rotation 14

ROTR One-bit right rotation

ROTCL One-bit left rotation with T bit

ROTCR One-bit right rotation with T bit

SHAL One-bit arithmetic left shift

SHAR One-bit arithmetic right shift

SHLL One-bit logical left shift

SHLLn n-bit logical left shift

SHLR One-bit logical right shift

SHLRn n-bit logical right shift
Branch 7 BF Conditional branch (T = 0) 7

BT Conditional branch (T = 1)

BRA Unconditional branch

BSR Branch to subroutine procedure

JMP Unconditional branch

JSR Branch to subroutine procedure

RTS Return from subroutine procedure
System 11 CLRT T bit clear 31
control CLRMAC  MAC register clear

LDC Load to control register

LDS Load to system register

NOP No operation

RTE Return from exception processing

SETT T bit set

SLEEP Shift into power-down mode

STC Storing control register data

STS Storing system register data

TRAPA Trap exception processing
Total 56 133
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Instruction codes, operation, and execution states are listed in the following format in order by

classification.

Table 2.11 Instruction Code Format

item Format Explanation
Instruction OP.Sz OP: Operation code
mnemonic Sz: Size

SRC: Source

DEST: Destination

Rm: Source register
Rn: Destination register
imm: Immediate data
disp: Displacement*

Instruction MSB & LSB

code

mmmm: Source register
nnnn: Destination register
0000: RO
0001: R1
1111: R15
iii: Immediate data
dddd: Displacement

Operation -, &
summary (xx)

Direction of transfer
Memory operand

Flag bits in the SR
Logical AND of each bit
Logical OR of each bit
Exclusive OR of each bit
Logical NOT of each bit
n-bit shift

Execution
cycle

Value when no wait states are inserted

Instruction execution cycles: The execution cycles shown in
the table are minimums. The actual number of cycles may
be increased:

1. When contention occurs between instruction fetches
and data access, or

2. When the destination register of the load instruction
(memory — register) and the register used by the next
instruction are the same.

T bit

Value of T bit after instruction is executed

No change

Note: Scaling (x1, x2, x4) is performed according to the instruction operand size.
See"SH7000/SH7600 Series Programming Manual" for details.
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Table 2.12 Data Transfer Instructions

Execu-
tion T
Instruction Instruction Code Operation Cycles bit
MOV #imm, Rn 1110nnnniiiiiiii #imm — Sign extension —» 1 —
Rn
MOV.W @(disp,PC),Rn 100lnnnndddddddd (dispx2 + PC) — Sign 1 —_
extension — Rn
MOV.L @(disp,PC),Rn 110lnnnndddddddd (dispx4 + PC) — Rn 1 —
MOV Rm, Rn 0110nnnnmmmm0011 Rm — Rn 1 —
MOV.B Rm, @Rn 0010nnnnmmmm0000 Rm — (Rn) 1 —
MOV.W Rm, @Rn 0010nnnnmmmm0001 Rm — (Rn) 1 —
MOV.L Rm,@Rn 0010nnnnmmmm0010 Rm — (Rn) 1 —
MOV.B @Rm,Rn 0110nnnnmmmm0000 (Rm) — Sign extension » 1 —
Rn
MOV.W @Rm,Rn 0110nnnnmmmm0001 (Rm) — Sign extension » 1 —
Rn
MOV.L @Rm,Rn 0110nnnnmmmm0010 (Rm) — Rn 1 —
MOV.B Rm, @-Rn 0010nnnnmmmm0100 Rn—1 — Rn, Rm — (Rn) 1 —
MOV.W Rm,@-Rn 0010nnnnmmmm0101 Rn-2 — Rn, Rm — (Rn) 1 —
MOV.L Rm,@-Rn 0010nnnnmmmm0110 Rn—-4 — Rn, Rm — (Rn) 1 —
MOV.B @Rm+,Rn 0110nnnnmmmm0100 (Rm) — Sign extension —» 1 —
Rn,Rm + 1 > Rm
MOV.W @Rm+,Rn 0110nnnnmmmm0101 (Rm) — Sign extension —» 1 —
Rn,Rm +2 — Rm
MOV.L @Rm+,Rn 0110nnnnmmmm0110 (Rm) - Rn,Am +4 - Rm 1 —
MOV.B RO,@(disp,Rn) 10000000nnnndddd RO — (disp + Rn) 1 —
MOV.W RO,@(disp,Rn) 10000001nnnndddd RO — (dispx2 + Rn) 1 —
MOV.L Rm,@(disp,Rn) 000lnnnnmmmmdddd Rm — (dispx4 + Rn) 1 —
MOV.B @(disp,Rm),R0 10000100mmmmdddd (disp + Rm) — Sign 1 —
extension — RO
MOV.W @(disp,Rm),R0 10000101lmmmmdddd (dispx2 + Rm)— Sign 1 —
extension — RO
MOV.L @(disp,Rm),Rn 010lnnnnmmmmdddd (dispx4 + Rm)— Rn 1 —
MOV.B Rm, @(RO,Rn) 0000nnnnmmmm0100 Rm — (RO + Rn) 1 —_
MOV.W Rm,@(RO,Rn) 0000nnnnmmmm0101 Rm — (RO + Rn) 1 —
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Table 2.12 Data Transfer Instructions (cont)

Rn — Rn

Execu-
tion T
Instruction Instruction Code Operation Cycles bit
MOV.L Rm,@(RO,Rn) 0000nnnnmmmm0110 Rm — (RO + Rn) 1 —_
MOV.B @(RO,Rm),Rn 0000nnnnmmmm1100 (RO + Rm) — Sign 1 —
extension —» Rn
MOV.W @(RO,Rm),Rn 0000nnnnmmmm1101 (RO + Rm) — Sign 1 —
extension — Rn
MOV.L @(RO,Rm),Rn 0000nnnnmmmm1110 (RO + Rm) — Rn 1 —
MOV.B RO,@(disp,GBR) 110000004ddddddd RO — (disp + GBR) 1 —
MOV.W RO, @(disp,GBR) 11000001dddddddd RO — (dispx2 + GBR) 1 —
MOV.L RO, @(disp,GBR) 11000010dddddddd RO — (dispx4 + GBR) 1 —
MOV.B @(disp,GBR),R0 11000100dddddddd (disp + GBR) — Sign 1 —
extension — RO
MOV.W @(disp,GBR),R0 11000101dddddddd (dispx2 + GBR) — Sign 1 —
extension — RO
©MOV.L @(disp,GBR),R0 11000110dddddddd (dispx4 + GBR) — RO 1 —
MOVA @(disp,PC),R0 11000111dddddddd dispx4 + PC — RO 1 —
MOVT Rn 0000nnnn00101001 T—> Rn 1 _
SWAP.B Rm,Rn 0110nnnnmmmm1000 Rm — Swap the bottom 1 —_
two bytes — Rn
SWAP.W Rm,Rn 0110nnnnmmmm1001 Rm — Swap two 1 —_
consecutive words — Rn
XTRCT Rm,Rn 0010nnnnmmmm1101 Center 32 bits of Rm and 1 —

32 HITACHI



Table 2.13 Arithmetic Instructions

Execution
Instruction Instruction Code Operation Cycles T bit
ADD Rm, Rn 001lnnnnmmmm1100 Rn +Rm — Rn 1 —
ADD #imm, Rn 0lllnnnniiiiiiii Rn+imm — Rn 1 —
ADDC Rm, Rn 001lnnnnmmmml1110 Rn+Rm + T — Rn, 1 Carry
Carry » T
ADDV Rm, Rn 001lnnnnmmmml11ll Rn + Rm — Rn, 1 Overflow
Overflow - T
CMP/EQ  #imm, RO 10001000iiiiiiii fRO=imm, 15T 1 Comparison
result
CMP/EQ Rm,Rn 0011lnnnnmmmm0000 fRN=Rm, 15T 1 Comparison
result
CMP/HS Rm,Rn 0011nnnnmmmm0010 If Rn>Rm with 1 Comparison
unsigned data, 1 »> T result
CMP/GE Rm,Rn 001lnnnnmmmm0011 If Rn > Rm with 1 Comparison
signeddata, 1 > T result
CMP/HI Rm,Rn 0011lnnnnmmmm0110 If Rn > Rm with 1 Comparison
unsigned data, 1 > T result
CMP/GT Rm,Rn 001lnnnnmmmm0111 If Rn > Rm with 1 Comparison
signeddata, 1 > T result
CMP/PZ Rn 0100nnnn00010001 fRN>0,1—>T 1 Comparison
result
CMP/PL Rn 0100nnnn00010101 fRN>0,1->T 1 Comparison
result
CMP/STR Rm,Rn 0010nnnnmmmm1100 |f Rn and Rm have an 1 Comparison
equivalent byte, 1 — result
T
DIV1 Rm, Rn 0011lnnnnmmmm0100 Single-step division 1 Calculation
(Rn/Rm) result
DIVOS Rm, Rn 0010nnnnmmmm0111 MSB of Rn — Q, 1 Calculation
MSB of Rm - M, M A result
Q-T
DIVOU 0000000000011001 0 —» M/Q/T 1 0
EXTS.B Rm,Rn 0110nnnnmmmm1110 A byte in Rm is sign- 1 —

extended — Rn
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Table 2.13 Arithmetic Instructions (cont)

Execution
Instruction Instruction Code Operation Cycles T bit
EXTS.W Rm,Rn 0110nnnnmmmml111 A word in Rm is sign- 1 —
extended — Rn
EXTU.B Rm,Rn 0110nnnnmmmm1100 A byte in Rm is zero- 1 _—
extended — Rn
EXTU.W Rm,Rn 0110nnnnmmmml101 A word in Rm is zero- 1 —
extended — Rn
MAC.W @Rm+, @Rn+ 0100nnnnmmmm1111 Signed operation of 3/(2)* —
(Rn) x (Rm) + MAC
- MAC
MULS Rm, Rn 0010nnnnmmmm1111 Signed operation of 1-3* —
Rn x Rm — MAC
MULU Rm, Rn 0010nnnnmmmm1110 Unsigned operation of 1-3* —_
Rn x Rm — MAC
NEG Rm, Rn 0110nnnnmmmm1011 0—Rm — Rn 1 —
NEGC Rm, Rn 0110nnnnmmmm1010 O0-Rm-T — Rn, 1 Borrow
Borrow » T
SUB Rm, Rn 0011lnnnnmmmml1000 Rn—Rm — Rn 1 —
SUBC Rm, Rn 0011lnnnnmmmm1010 Rn-Rm-T — Rn, 1 Borrow
Borrow » T
SUBV Rm, Rn 001lnnnnmmmm1011 Rn-Rm — Rn, 1 Underflow

Underflow —» T

Note: The normal minimum number of cycles (numbers in parenthesis represent the number of
cycles when there is contension with preceding following instructions).
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Table 2.14 Logic Operation Instructions

Execution

Instruction Instruction Code Operation Cycles T bit
AND Rm, Rn 0010nnnnmmmm1001 Rn & Rm — Rn 1 —_
AND #imm, RO 11001001iiiiiiii RO & imm — RO 1 —_
AND.B #imm,@(RO,GBR) 11001101iiiiiiii (RO + GBR)& imm —» (R0 3 —

+ GBR)
NOT Rm, Rn 0110nnnnmmmm0111 ~Rm — Rn 1 —
OR Rm, Rn 0010nnnnmmmm1011 Rn | Rm — Rn 1 —_
OR #imm, RO 11001011iiiiiiii RO limm — RO 1 —_
OR.B  #imm,@(RO,GBR) 11001111iiiiiiii (RO +GBR)Ilimm —> (RO 3 —

+ GBR)
TAS.B @Rn 0100nnnn00011011 If(Rn)is0,1 5T, 1> 4 Test

MSB of (Rn) result
TST Rm, Rn 0010nnnnmmmm1000 Rn & Rm; if the resultis 0, 1 Test

15T result
TST #imm, RO 11001000iiiiiiii RO & imm; if the result is 1 Test

0,1-T result
TST.B #imm,@(RO,GBR) 11001100iiiiiiii (RO + GBR) & imm;ifthe 3 Test

resultis0,1 > T result
XOR Rm, Rn 0010nnnnmmmm1010 Rn~ARm — Rn 1 —
XOR #imm, RO 11001010iiiiiiii ROAimm — RO —_
XOR.B #imm,@(RO,GBR) 11001110iiiiiiii (RO+GBR)Aimm —> (RO 3 —

+ GBR)
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Table 2.15 Shift Instructions

Instruction Instruction Code Operation Execution Cycles T bit
ROTL Rn 0100nnnn00000100 T « Rn « MSB 1 MSB
ROTR Rn 0100nnnn00000101 LSB-Rn->T 1 LSB
ROTCL Rn 0100nnnn00100100 T«Rn&T 1 MSB
ROTCR Rn 0100nnnn00100101 T»> RN > T 1 LSB
SHAL Rn 0100nnnn00100000 T« Rn«0 1 MSB
SHAR Rn 0100nnnn00100001 MSB—>Rn—> T 1 LSB
SHLL Rn 0100nnnn00000000 T« Rn« 0 1 MSB
SHLR Rn 0100nnnn00000001 0—->RN->T 1 LSB
SHLL2 Rn 0100nnnn00001000 Rn<<2 — Rn 1 —
SHLR2 Rn 0100nnnn00001001 Rn>>2 — Rn 1 —_
SHLL8 Rn 0100nnnn00011000 Rn<<8 — Rn 1 —
SHLR8 Rn 0100nnnn00011001 Rn>>8 — Rn 1 —_
SHLL16 Rn 0100nnnn00101000 Rn<<16 — Rn 1 —_
SHLR16 Rn 0100nnnn00101001 Rn>>16 — Rn 1 —
Table 2.16 Branch Instructions
Execution

Instruction  Instruction Code Operation Cycles T bit
BF label 10001011ddddddddfT=0,dispx2+PC—->PC; if T=1, 3/1* -

nop
BT label 10001001ddddddddfT=1,dispx2+PC—-PC; ifT=0, 3/1* —

nop
BRA label 1010dddddddddddd Delayed branch, dispx2 + PC — PC —
BSR label 1011dddddddddddd Delayed branch, PC — PR, dispx2+ 2 —

PC - PC
JMP @Rn 0100nnnn00101011 Delayed branch, Rn —» PC 2 -
JSR @Rn 0100nnnn00001011 Delayed branch, PC - PR,Rn - PC 2 —_
RTS 0000000000001011 Delayed branch, PR — PC 2 —_

Note: The execution state is three cycles when program branches, and one cycle when program
does not branch.
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Table 2.17 System Control Instructions

Execution T

Instruction Instruction Code Operation Cycles bit
CLRT 0000000000001000 0> T 1 0
CLRMAC 0000000000101000 0 — MACH, MACL 1 —
LDC Rm, SR 0100mmmm00001110 Rm — SR 1 LSB
LDC Rm, GBR 0100mmmm00011110 Rm — GBR 1 —
LDC Rm, VBR 0100mmmm00101110 Rm — VBR 1 —
LDC.L @Rm+, SR 0100mmmm00000111 (Rm)— SR, Rm + 4 — Rm 3 LSB
LDC.L @Rm+,GBR 0100mmmm00010111 (Rm) - GBR, Rm+4 ->Rm 3 —
LDC.L @Rm+,VBR 0100mmmm00100111 (Rm)—> VBR, Rm+4—>Rm 3 —
LDS  Rm,MACH 0100mmmm00001010 Rm — MACH 1 —
LDS Rm, MACL 0100mmmm00011010 Rm — MACL 1 —
LDS Rm, PR 0100mmmm00101010 Rm —» PR 1 —
LDS.L @Rm+,MACH 0100mmmm00000110 (Rm)— MACH, Rm +4 — 1 —
Rm
LDS.L @Rm+,MACL 0100mmmm00010110 (Rm)—-> MACL, Rm+4 > 1 —
Rm
LDS.L @Rm+,PR 0100mmmm00100110 (Rm) —» PR, Rm +4 - Rm 1 —
NOP 0000000000001001 No operation 1 —
RTE 0000000000101011 Delayed branch, stack area 4 —_
— PC/SR
SETT 0000000000011000 1T 1 1
SLEEP 0000000000011011 Sleep 3* —
STC SR, Rn 0000nnnn00000010 SR — Rn 1 —
STC GBR, Rn 0000nnnn00010010 GBR - Rn 1 —
STC VBR, Rn 0000nnnn00100010 VBR — Rn 1 —
STC.L SR, @-Rn 0100nnnn00000011 Rn-4 — Rn, SR — (Rn) 2 —_
STC.L GBR,@-Rn 0100nnnn00010011 Rn-4 —» Rn, GBR — (Rn) 2 —
STC.L VBR,@-Rn 0100nnnn00100011 Rn-4 — Rn, VBR — (Rn) 2 —
STS MACH, Rn 0000nnnn00001010 MACH — Rn 1 —

Note: The number of execution states before the chip enters the sleep state.
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Table 2.16 System Control Instructions (cont)

Execution T

Instruction Instruction Code Ope}atlon Cycles bit
STS MACL, Rn 0000nnnn00011010 MACL — Rn 1 —
STS PR, Rn 0000nnnn00101010 PR —» Rn 1 —
STS.L MACH,@-Rn 0100nnnn00000010 Rn-4 — Rn, MACH — (Rn) 1 —
STS.L MACL,@-Rn 0100nnnn00010010 Rn—4 — Rn, MACL — (Rn) 1 —
STS.L PR, @-Rn 0100nnnn00100010 Rn—4 — Rn, PR — (Rn) 1 —
TRAPA #imm 11000011iiiiiiii PC/SR — stack area, 8 —
(immx4+VBR) - PC

Note: Instruction execution cycles: The execution cycles shown in the table are minimums.
The actual number of cycles may be increased:
1. When contention occurs between instruction fetches and data access, or

2. When the destination register of the load instruction (memory — register) and the
register used by the next instruction are the same.
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24.2

Operation Code Map

Table 2.18 is an operation code map.

Table 2.18 Operation Code Map

Instruction Code Fx: 0000 Fx: 0001 Fx: 0010 Fx: 0011-1111
MSB LSB |MD: 00 MD: 01 MD: 10 MD: 11
0000 [Rn |Fx | 0000
0000 {Rn Fx 0001
0000 |Rn |Fx 0010 |sTC SR,Rn |STC GBR,Rn |STC VBR,Rn
0000 |[Rn |Fx |0011 '
0000 [Rn |Rm |01MD}MOV.B RM, MOV.W RM, MOV.L RM,
@(RO,Rn) @(RO,Rn) @(RO,Rn)
0000 | 0000 |Fx 1000 |CLRT SETT CLRMAC
0000 | 0000 |Fx 1001 |NOP DIVOU
0000 | 0000 |Fx 1010
0000 0000 |Fx 1011 |RTS SLEEP RTE
0000 |Rn |Fx 1000
0000 {Rn |Fx 1001
0000 |Rn Fx 1010 |STS MACH,Rn|STS MACL,Rn|STS PR,Rn
0000 |Rn Rm 1011
0000 | Rn Rm |[11MD]Mov.B MOV .W MOV.L
@(RO,Rm) ,Rn |@(RO,Rm),Rn |@(RO,Rm),Rn
0001 {Rn Rm |disp |[MOV.L Rm,@(disp:4,Rn)
0010 |Rn Rm |OOMDIMOV.B Rm, @Rn |MOV.W Rm, @Rn |MOV.L Rm, @Rn
0010 |Rn BRm {01MD|MOV.B Rm, @-Rn{MOV.W Rm, @~Rn/MOV.L Rm, @-Rn|DIVOS Rm, Rn
0010 |Rn Rm |1OMD|TST Rm,Rn |AND Rm,Rn |XOR Rm,Rn |OR Rm, Rn
0010 {Rn Rm | 11MD|cMP/STR XTRCT Rm,Rn [MULU Rm,Rn |MULS Rm,Rn
Rm, Rn
0011 [Rn |Rm |OOMD|CMP/EQ Rm, Rn CMP/HS Rm, Rn |CMP/GE Rm, Rn
0011 {Rn  |[Rm |0IMD|DIVI Rm,Rn CMP/HI Rm,Rn |CMP/GT Rm,Rn
0011 {Rn Rm |10MD|SUB Rm,Rn SUBC Rm,Rn |SUBV Rm,Rn
0011 {Rn Rm |11MD|ADD Rm,Rn ADDC Rm,Rn |ADDV Rm,Rn
0100 |Rn  |Fx 0000 |SHLL Rn SHAL Rn
0100 {Rn Fx 0001 |SHLR Rn CMP/PZ Rn SHAR Rn
0100 |Rn Fx 0010 |sTs.L MACH, STS.L MACL, STS.L PR,
@-Rn @-Rn @-Rn
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Table 2.18 Operation Code Map (cont)

Instruction Code Fx: 0000 Fx: 0001 Fx: 0010 Fx: 0011-1111
MSB LSB |MD: 00 MD: 01 MD: 10 MD: 11
0100 |{Rn |Fx 0011 |sTC.L STC.L | STC.L
SR, @-Rn GBR, @-Rn VBR, @-Rn
0100 |[Rn  |Fx {0100 |ROTL. Rn ROTCL Rn
0100 [Rn  |Fx |0101 |ROTR Rn CMP/PL Rn ROTCR Rn
0100 (Rm |Fx {0110 |LDsS.L LDS.L LDS.L
@Rm+ , MACH @Rm+, MACL @Rm+, PR
0100 |Rm |Fx 0111 |LDC.L LDC.L LDC.L
@Rm+, SR @Rm+ , GBR @Rm+ , VBR
0100 |Rn Fx 1000 |SHLL2 Rn SHLLS8 Rn SHLL16 Rn
0100 |Rn Fx 1001 |SHLR2 Rn SHLR8 Rn SHLL16 Rn
0100 [Rm |Fx 1010 |LDS Rm,MACHLDS Rm,MACL{LDS Rm, PR
0100 |Rn | Fx 1011 |JSR  @Rn TAS.B @Rn JMP  @Rn
0100 |Rm |Fx 1100
0100 |Rm |Fx 1101
0100 |Rn Fx 1110 |LDC Rm,Sr |[LDC Rm,GBR |LDC Rm,VBR
0100 |Rn Rm |1111 |[MAC.W @Rm+, @Rn+
0101 [Rn  |Rm |disp |MOV.L @(disp:4,Rm),Rn
0110 |Rn Rm |OOMD|MOV.B @Rm,Rn |MOV.W @Rm,Rn |[MOV.L @Rm,Rn |MOV  Rm,Rn
0110 |Rn Rm |01MD|MOV.B @Rm+,Rn/MOV.W @Rm+,RnMOV.L @Rm+,Rn/NOT Rm,Rn
0110 |Rn Rm |10OMD SWAP.B SWAP.W NEGC Rm,Rn |NEG Rm,Rn
@Rm+, Rn @Rm+, Rn
0110 |Rn Rm |11MD|EXTU.B Rm,Rn |EXTU.W Rm,Rn |EXTS.B Rm,Rn |EXTS.W Rm,Rn
0111 [Rn imm ADD #imm:8,Rn
1000 |OOMD|Rn |disp |MOV.B RO, MOV.W RO,
@(disp:4,Rn) {@(disp:4,Rn)
1000 {0O1MD|{Rm |disp |MOV.B MOV.W RO,
@(disp:4, @(disp:4,
Rm) , RO Rn),RO
1000 [ 1OMD| imm/disp |CMP/EQ BT disp:8 BF disp:8
#imm:8, RO
1000 [11MD| imm/disp
1001 |Rn disp MOV.W @{(disp:8,PC),Rn
1010 disp BRA disp:12
1011 disp BSR disp:12
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Table 2.18 Operation Code Map (cont)

Instruction Code Fx: 0000 Fx: 0001 Fx: 0010 Fx: 0011-1111
MSB LSB |[MD: 00 MD: 01 MD: 10 MD: 11
1100 {OOMD| imm/disp |MOV.B RO, @ MOV.W RO, @ MOV.L RO, @ TRAPA #imm:8
(disp:8,GBR) | (disp:8,GBR) | (disp:8,GBR)
1100 [01MD disp MOV.B MOV.W MOV.L MOVA
@(disp:8, @(disp:8, @(disp:8, @(disp:8,
GBR) , RO GBR) , RO GBR) , RO PC),RO
1100 | 1OMD imm TST AND XOR OR
#imm: 8, RO #imm: 8, RO #imm: 8, R0 #imm:8,R0O
1100 [ 11MD imm TST.B AND.B XOR.B OR.B
#imm: 8§, #imm: 8, #imm: 8, #imm: 8,
@ (RO, GBR) @ (RO, GBR) @ (RO, GBR) @ (RO, GBR)
1101 |Rn disp MOV.L @(disp:8,PC),Rn
1110 |Rn imm MOV #imm:8,Rn
1111
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2.5 CPU State

2.5.1 State Transitions

The CPU has five processing states: reset, exception processing, bus release, program execution
and power-down. The transitions between the states are shown in figure 2.6. For more information
on the reset and exception processing states, see section 4, Exception Processing. For details on
the power-down states, see section 19, Power Down States.
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Figure 2.6 Transitions Between Processing States

Reset State: In the reset state the CPU is reset. This occurs when the RES pin level goes low.
When the NMI pin is high, the result is a power-on reset; when it is low, a manual reset will
occur.When turning on the power, make sure to carry out a power-on reset.
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On a power-on reset, all CPU internal states and on-chip peripheral module registers are
initialized. In a manual reset, all CPU internal states and on-chip peripheral module registers, with
the exception of the bus state controller (BSC) and pin function controller (PFC), are initialized.
On a manual reset, the BSC is not initialized, so the refresh operation will continue.

Exception Processing State: Exception processing is a transient state that occurs when the CPU'’s
processing state flow is altered by exception processing sources such as resets or interrupts.

For areset, the initial values of the program counter PC (execution start address) and stack pointer
SP are fetched from the exception processing vector table and stored; the CPU then branches to
the execution start address and execution of the program begins.

For an interrupt, the stack pointer (SP) is accessed and the program counter (PC) and status
register (SR) are saved to the stack area. The exception service routine start address is fetched
from the exception processing vector table; the CPU then branches to that address and the program
starts executing, thereby entering the program execution state.

Program Execution State: In the program execution state, the CPU sequentially executes the
program.

Power-Down State: In the power-down state, the CPU operation halts and power consumption
declines. The SLEEP instruction places the CPU in the power-down state. This state has two
modes: sleep mode and standby mode. This is described in more detail in section 2.5.1, Power-
Down State.

Bus Release State: In the bus release state, the CPU releases rights to the bus to the device that
has requested them.

2.52 Power-Down State

In addition to the ordinary program execution states, the CPU also has a power-down state in
which CPU operation halts and power consumption is lowered. There are two power-down state
modes: sleep mode and standby mode.

Sleep Mode: When the standby bit SBY (in the standby control register SBYCR) is cleared to 0
and a SLEEP instruction executed, the CPU moves from program execution state to sleep mode. In
the sleep mode, the CPU halts and the contents of its internal registers and the data in on-chip
RAM are stored. The on-chip peripheral modules other than the CPU do not halt in the sleep
mode.

To return from sleep mode, use a reset, any interrupt, or a DMA address error; the CPU returns to
ordinary program execution state through the exception processing state.

Software Standby Mode: To enter the standby mode, set the standby bit SBY (in the standby
control register SBYCR) to 1 and execute a SLEEP instruction. In standby mode, all CPU, on-chip
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peripheral module and oscillator functions are halted. CPU internal register contents and on-chip
RAM data are held.

To return from standby mode, use a reset or an external NMI interrupt. For resets, the CPU returns
to ordinary program execution state through the exception processing state when placed in a reset
state during oscillator stabilization time. For NMI interrupts, the CPU returns to ordinary program
execution state through the exception processing state after the oscillator stabilization time has
elapsed. In this mode, power consumption drops markedly, since the oscillator stops.

Table 2.19 Power-Down State

State

On-chip CPU
Peripheral Regi-
Mode Conditions Clock CPU Modules sters RAM VO Ports  Canceling

Sleep Execute SLEEP Run Halt Run Held Held Held 1. Interrupt
mode instruction with
. DMA
SBY bit cleared 2 orror address
to 0 in SBYCR

3. Power-on
reset

4. Manual reset
Standby Execute SLEEP Halt Halt Haltand Held Held Held or 1. NMI
mode instruction with initialize* high-Z*
SBY bit set to 1 (selectable)
in SBYCR

Power-on
reset

3. Manual reset

Note: Differs depending on the peripheral module and pin.
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Section 3 Operating Modes

3.1  Types of Operating Modes and Their Selection

The SH7032 microcomputer operates in one of two operating modes (modes 0, 1) and the SH7034
operates in one of four operating modes (modes O, 1, 2, and 7). Modes 0 and 1 differ in the bus

width of memory area 0. The mode is selected by the mode pins (MD2-MDO) as indicated in table
3.1. Do not change the mode selection while the chip is operating. ‘

Table 3.1 Operating Mode Selection

Pin Settings
Operating Mode MD2 MD1 MDO0  Mode Name Bus Width of Area 0

Mode 0 0 0 0 MCU mode 0 8 bits

Mode 1 0 0 1 MCU mode 1 16 bits

Mode 2* 0 1 0 MCU mode 2 On-chip ROM
Mode 7* 1 1 1 PROM mode —_

Note: SH7034 (PROM version) only

3.2  Operating Mode Descriptions

321 Mode 0 (MCU Mode 0)

In mode 0, memory area 0 has an eight-bit bus width. For the memory map, see section 8, Bus
State Controller.

322 Mode 1 (MCU Mode 1)

In mode 1, memory area 0 has a 16-bit bus width.

32.3 Mode 2 (MCU Mode 2)

In mode 2, memory area 0 is assigned to the on-chip ROM. Do not set to mode 2 unless the
product is the SH7034 (PROM version).

3.24 Mode 7 (PROM mode)

Mode 7 is a PROM mode. In this mode, the EPROM can be programmed. For details, see section
17, ROM. Do not set to mode 7 unless the product is the SH7034 (PROM version).
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Section 4 Exception Processing

4.1 Overview

4.1.1 Exception Processing Types and Priorities

As figure 4.1 indicates, exception processing may be caused by a reset, address error, interrupt, or
instruction. Exception sources are prioritized as indicated in figure 4.1. If two or more exceptions
occur simultaneously, they are accepted and processed in the priority order shown.
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Exception
source

Notes: 1.

Priority

* Power-on reset High
Reset 4
B _': e Manual reset l
Address ¢ CPU address error
error _E « DMA address error
— o NMI
e User break
*IRQ —— ¢|RQO0-IRQ7
Interrupt —— — e« Direct memory access
controller
* 16-bit integrated-timer
L e Orochi ] pulse unit
On-chip module * Serial communications
interface
 Parity control unit
(part of the bus con-
troller)
¢ A/D converter
¢ Watchdog timer
— < DRAM refresh control
unit (part of the bus
controller)
* Trap instruction * TRAPA instruction
L— Instruction ¢ General illegal ——— ¢ Undefined code
instruction .
* llegal slot — * Undefined instruction
instruction or instruction that
rewrites the PC*1 v

placed directly after Low

a delayed branch

instruction*2
The instructions that rewrite the PC are JMP, JSR, BRA, BSR, RTS, RTE, BT, BF,
and TRAPA.

The delayed branch instructions are JMP, JSR. BRA. BSR, RTS, and RTE.
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4.12  Exception Processing Operation

Exception sources are detected at the times indicated in table 4.1, whereupon processing starts.

Table 4.1 Exception Source Detection and Time of the Start of Processing

Exception Type Source Detection and Time of the Start of Processing

Reset Power-on Low-to-high transition at pin RES when NMI is high
Manual Low-to-high transition at pin RES when NM! is low

Address error Detected when instruction is decoded and starts after the

instruction that was executing prior to this point is completed.

Interrupt Detected when instruction is decoded and starts after the
instruction that was executing prior to this point is completed.

Instruction  Trap instruction  Starts when a trap instruction (TRAPA) is executed.

General illegal  Starts when undefined code is decoded at a position other than

instruction directly after a delayed branch instruction (a delay slot).
Illegal slot Starts when undefined code or an instruction that rewrites the PC is
instruction decoded directly after a delayed branch instruction (in a delay slot).

When exception processing begins, the CPU operates as follows:

Resets: The initial values of the program counter (PC) and stack pointer (SP) are read from the
exception vector table (the respective PC and SP values are H'00000000 and H'00000004 for a
power-on reset and H'00000008 and H'0000000C for a manual reset). For more information on the
exception vector table, see section 4.1.3, Exception Vector Table. Next, the vector base register
(VBR) is cleared to zero and interrupt mask bits (I3-10) in the status register (SR) are set to 1111.
Program execution starts from the PC address read from the exception vector table.

Address Errors, Interrupts and Instructions: SR and PC are pushed onto the stack indicated in
R15. For interrupts, the interrupt priority level is written in the interrupt mask bits (I13-10). For
address errors and instructions, bits I3-10 are not affected. Next, the start address is fetched from
the exception vector table, and program execution starts from this address.

4.1.3  Exception Process Vector Table

Before exception processing can execute, the exception vector table must be set in memory. The
exception processing vector table holds the start addresses of exception service routines (the table
for reset exception processing stores initial PC and SP values). Different vector numbers and
vector table address offsets are assigned to different exception sources. The vector table addresses
are calculated from the corresponding vector numbers and vector address offsets. In exception
processing, the exception service routine start address is fetched from the exception vector table
indicated by this vector table address.
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Table 4.2 lists vector numbers and vector table address offsets. Table 4.3 shows how to calculate
vector table addresses.

Table 4.2 Exception Process Vector Table

Vector
Exception Source Number Vector table Address Offset
Power-on reset PC 0 H'00000000—-H'00000003
SP 1 H'00000004—-H'00000007
Manual reset PC 2 H'00000008—-H'0000000B
SP 3 H'0000000C~H'0000000F
General illegal instruction 4 H'00000010-H'00000013
(Reserved for system use) 5 H'00000014-H'00000017
lilegal slot instruction 6 H'00000018-H'0000001B
(Reserved for system use) 7 H'0000001C—-H'0000001F
8 H'00000020-H'00000023
CPU address error 9 H'00000024—-H'00000027
DMA address error 10 H'00000028-H'00000028
Interrupts NMI 11 H'0000002C~H'0000002F
User break 12 H'00000030-H'00000033
(Reserved for system use) 13-31 H'00000034-H'00000037 to H'0000007C—-
H'0000007F
Trap instruction (user 32-63 H'00000080-H'00000083 to H'000000FC-
vectors) H'000000FF
Interrupts IRQO 64 H'00000100-H'00000103
' IRQ1 65 H'00000104-H'00000107
IRQ2 66 H'00000108-H'0000010B
IRQ3 67 H'0000010C-H'0000010F
IRQ4 68 H'00000110-H'00000113
IRQ5 69 H'00000114-H'00000117
IRQ6 70 H'00000118-H'0000011B
IRQ7 71 H'0000011C-H'0000011F
On-chip  72-255  H'00000120-H'00000123 to H'000003FC—
modules* H'000003FF

Note: See table 5.3, Interrupt Exception Processing Vectors and Rankings, in section 5, Interrupt
Controller, for details on vector numbers and vector table address offsets of individual on-
chip peripheral module interrupts. -
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Table 4.3  Calculation of Exception Vector table Addresses

Exception Source Calculation of Vector table Addresses

Reset (Vector table address) = (vector table address offset) =
(vector number) x 4

Address error, interrupt, instructions  (Vector table address) = VBR + (vector table address offset)
= VBR + (vector number) x 4

Note: VBR: Vector base register. For vector table address offsets and vector numbers, see
table 4.2.

4.2 Reset

4.2.1 Reset Types

A reset is the highest-priority exception. There are two types of reset: power-on reset and manual
reset. As table 4.4 shows, a power-on reset initializes the internal state of the CPU and all registers
of the on-chip peripheral modules. A manual reset initializes the internal state of the CPU and all
registers of the on-chip peripheral mc dules except the bus state controller (BSC), pin function
controller (PFC) and I/O ports (I/O).

Table 4.4  Reset Types

Transition Conditions Internal State
Reset NMI RES CPU On-Chip Peripheral Module
Power-on Reset  High Low Initialize  Initialize
Manual Reset Low Low Initialize  Initialize all except BSC, PFC and 1/0O

4.2.2 Power-On Reset

When the NMI pin is high, a low input at the RES pin drives the chip into the power-on reset state.
The RES pin should be driven low while the clock pulse generator (CPG) is stopped (or while the
CPG is operating during the oscillation settling time) for at least 20 tcy, to assure that the LSI is
reset. A power-on reset initializes the internal state of the CPU and all registers of the on-chip
peripheral modules. For pin states in the power-on reset state, see appendix B, Pin States.

While the NMI pin remains high, if the RES pin is held low for a certain time then driven high in
the power-on state, power-on reset exception processing begins. The CPU then:

Reads the start address (initial PC value) from the exception vector table.
Reads the initial stack pointer value (SP) from the exception vector table.

3. Clears the vector base register (VBR) to H'00000000, and sets interrupt mask bits 13-10 in the
status register (SR) to H'F (1111).
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4. Loads the values read from the exception vector table into PC and SP and starts program
execution.

Further, make sure to carry out a power-on reset when turning on the power of the system.

4.2.3 Manual Reset

When the NMI pin is high, a low input at the RES pin drives the chip into the manual reset state.
To be assured of resetting the LSI, drive the RES pin low for at least 20 teyc- A manual reset
initializes the internal state of the CPU and all registers of the on-chip peripheral modules except
the bus state controller, pin function controller and I/O ports. Since a manual reset does not affect
the bus state controller, the DRAM refresh control function operates even if the manual reset state
continues for a long time. When a manual reset is performed during the bus cycle, the manual reset
exception processing waits for the end of the bus cycle before beginning. The manual reset thus
cannot be used to abort the bus cycle. For the pin states during the manual reset state, see appendix
B, Pin States.

While the NMI pin remains low, if the RES pin is held low for a certain time then driven high in
the manual reset state, manual reset exception processing begins. The CPU carries out the same
operations as for a power-on reset.

4.3 Address Errors

4.31 Address Error Sources

Address errors occur during instruction fetches and data reading/writing as shown in table 4.5.
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Table 4.5 Address Error Sources

Bus Cycle

Type Bus Master Operation Address Error

Instruction fetch CPU Instruction fetch from even address None (normal)
Instruction fetch from odd address Address error
Instruction fetch from outside on- Chlp None (normal)
peripheral module space
Instruction fetch from on-chip peripheral Address error
module space

Data read/write  CPU or DMAC  Access to word data from even address None (normal)

Access to word data from odd address Address error

Access to long word data aligned on long ~ None (normal)
word boundary

Access to long word data not aligned on Address error
long word boundary

Access to word or byte data in on-chip None (normal)
peripheral module space”

Access to long word data in 16-bit on-chip  None (normal)
peripheral module space*

Access to long word data in 8-bit on-chip Address error
peripheral module space*

Note: See section 8, Bus State Controller, for details on the on-chip peripheral module space.

432  Address Error Exception Processing

When an address error occurs, address error exception processing starts after both the bus cycle
that caused the address error and the instructions that were being executed at that time have been
completed. The CPU then:

Pushes the SR onto the stack.

2. Pushes the program counter onto the stack. The PC value saved is the top address of the
instruction following the last instruction to be executed.

3. Fetches the exception service routine start address from the exception vector table for the
address error that occurred and starts program execution from that address. The branch that
occurs here is not a delayed branch.
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44  Interrupts

4.4.1 Interrupt Sources

Table 4.6 lists the types of interrupt exception processing sources (NMI, user break, IRQ, on-chip
peripheral module).

Table 4.6 Interrupt Sources

Interrupt Requesting Pin or Module Number of Sources
NMI NMI pin (external input) 1
User break User break controller 1
IRQ IRQO-IRQ7 pin (external input) 8
On-chip DMAC 4
16-bit integrated-timer pulse unit 15
Serial communications interface 8
A/D converter
Watchdog timer 1
Bus state controlier 2

Each interrupt source has a different vector number and vector address offset value. See table 5.3,
Interrupt Exception Vectors and Rankings, in section 5, Interrupt Controller, for details on vector
numbers and vector table address offsets.

44.2 Interrupt Priority Rankings

Interrupt sources are assigned priorities. When multiple interrupts occur at the same time, the

interrupt controller (INTC) ascertains their priorities and starts exception processing based on its

findings. Priorities from 16-0 can be assigned, with 0 the lowest level and 16 the highest. The

NMI has priority level 16 and cannot be masked. NMI is always accepted. The user break priority

level is 15. The IRQ and on-chip peripheral module interrupt priority levels can be set in interrupt

priority level registers A~E (IPRA-IPRE) as shown in table 4.7. Priority levels 0—15 can be set.
_See section 5.3.1, Interrupt Priority Level Registers A-E (IPRA-IPRE), for details.

Table 4.7 Interrupt Priority Rankings

Type Priority Comments

NMI 16 Fixed and unmaskable

User break 15 Fixed

IRQ and on-chip peripheral modules 0-15 Set in interrupt priority level registers A—E (IPRA-
, IPRE)
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4.4.3 Interrupt Exception Processing

When an interrupt is generated, the INTC ascertains the interrupt rankings. NMI is always
accepted, but other interrupts are only accepted if their ranking is higher than the ranking set in the
interrupt mask bits (13-10) of the SR.

When an interrupt is accepted, interrupt exception processing begins. In the interrupt exception
processing sequence, the SR and PC are pushed onto the stack, and the priority level of the
accepted interrupt is copied to the interrupt mask level bits (I3-10) in the SR. In NMI exception
processing, the priority ranking is 16 but the value 15 (H'F) is stored in I3-10. The exception
service routine start address for the accepted interrupt is fetched from the exception vector table
and the program branches to that address and starts executing. For further information on
interrupts, see section 5.4, Interrupt Operation.

4.5 Instruction Exceptions

4.5.1 Types of Instruction Exceptions

Table 4.8 shows the three types of instruction that start exception processing (trap instructions,
illegal slot instructions, and general illegal instructions).

Table 4.8 Types of Instruction Exceptions

Type Source Instruction Comments

Trap instruction TRAPA —_—

lilegal slot Undefined code or instruction that Delayed branch instructions are: JMP, JSR,

instruction rewrites the PC located BRA, BSR, RTS, RTE. Instructions that
immediately after a delayed rewrite the PC are: JMP, JSR, BRA, BSR,

branch instruction (delay slot) RTS, RTE, BT, BF and TRAPA

Generalillegal  Undefined code in other than —
instructions delayed slot

4.5.2  Trap Instruction

Trap instruction exception processing is carried out when a trap instruction (TRAPA) is executed.
The CPU then:

Saves the status register by pushing register contents onto the stack.

2. Pushes the program counter value onto the stack. The PC value saved is the top address of the
next instruction after the TRAPA instruction.

3. Reads an exception processing service routine start address from the vector table
corresponding to a vector number specified in the TRAPA instruction, branches to that
address, and starts program execution. The branch is not a delayed branch.
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4.5.3 Illegal Slot Instruction

An instruction located immediately after a delayed branch instruction is called an “instruction
placed in a delay slot.” If an undefined instruction is located in a delay slot, illegal slot instruction
exception processing begins executing when the undefined code is decoded. Illegal slot instruction
exception processing also begins when the instruction located in the delay slot is an instruction
that rewrites the program counter. In this case, exception processing begins when the instruction
that rewrites the PC is decoded. The CPU performs illegal slot exception processing as follows:

Saves the status register onto the stack.

2. Pushes the program counter value onto the stack. The PC value saved is the branch destination
address of the delayed branch instruction immediately before the instruction that contains the
undefined code or rewrites the PC.

3. Fetches an exception processing service routine start address from the vector table
corresponding to the exception that occurred, branches to that address and the program starts
executing. The branch is not a delayed branch.

4.54  General Illegal Instructions

If an undefined instruction located other than a delay slot (immediately after a delayed branch
instruction) is decoded, general illegal instruction exception processing is executed. The CPU
follows the same procedure as for illegal slot exception processing, except that the program
counter (PC) value pushed on the stack in general illegal instruction exception processing is the
top address of the illegal instruction with the undefined code.
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4.6  Cases in which Exceptions Are Not Accepted

In some cases, address errors and interrupts that directly follow a delayed branch instruction or
interrupt-disabled instruction are not accepted immediately. Table 4.9 lists these cases. When this
occurs, the exception is accepted when an instruction that can accept the exception is decoded.

Table 4.9 Casesin wh%ch Exceptions Are Not Accepted

Exception Source

Case Address Error Interrupt
Immediately after delayed branch instruction*! X X
Immediately after interrupt-disabled instruction*2 O X
X: Not accepted
O: Accepted

Notes: 1. Delayed branch instructions: JMP, JSR, BRA, BSR, RTS, RTE
2. Interrupt-disabled instructions: LDC, LDC.L, STC, STC.L, LDS, LDS.L, STS, STS.L

4.6.1 Immediately after Delayed Branch Instructions

Address errors and interrupts are not accepted when an instruction in a delay slot immediately
following a delayed branch instruction is decoded. The delayed branch instruction and the
instruction in the delay slot are therefore always executed one after the other. Exception
processing is never inserted between them.

4.6.2 Immediately after Interrupt-Disabling Instructions

Interrupts are not accepted when the instruction immediately following an interrupt-disabled
instruction is decoded. Address errors are accepted, however.
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4.7

Table 4.10 shows the stack after exception processing.

Stack Status after Exception Processing

Table 4.10 Stack after Exception Processing

Type Stack Status Type Stack Status
Address E I Interrupt E .
error Address of Address of
SP | instruction  Upper 16 bits SP+| instruction  Upper 16 bits
after instruc- after instruc-
tion that has tion that
finished has finished
executing _g)ie_c_t_xt_irlg_ ____________
Lower 16 bits Lower 16 bits
SR Upper 16 bits SR Upper 16 bits
Lower 16 bits Lower 16 bits
Trap E T lllegal T 7]
instrue: o | eston Upper 16 b slot SP | deationtion  Upper 16 b
) 1 instruction pper 16 bits ; . +»{ destination pper its
tion after TRAPA instruc address of
instruction tion delayed
-------------------- branch
Lower 16 bits instuction
SR Upper 16 bits Lower 16 bits
Lower 16 bits SR Upper 16 bits
-~ - Lower 16 bits
General T I
illegal Start add-
instruc-~ SF >} ress of Upper 16 bits
tion illegal
| instruction |
Lower 16 bits
SR Upper 16 bits
Lower 16 bits

Note: Stack status is based on a bus width of 16 bits.
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4.8 Notes

4.8.1 Value of the Stack Pointer (SP)

An address error occurs if the stack is accessed for exception processing when the value of the
stack pointer (SP) is not a multiple of four. Therefore, a multiple of four should always be stored
in SP.

4.8.2  Value of the Vector Base Register (VBR)

An address error occurs if the vector table is accessed for exception processing when the value of
the vector base register (VBR) is not a multiple of four. Therefore, VBR should always be set to a
multiple of four.

4.8.3  Address Errors that Are Caused by Stacking During Address Error Exception
Processing

When the stack pointer is not a multiple of four, address errors will occur in the exception
processing (interrupt, etc.) stacking. After the exception processing ends, the CPU will then shift
to address error exception processing. An address error will also occur during the address error
exception processing stacking, but the CPU is set up to ignore the address error so that it can avoid
an infinite series of address errors. This allows it to shift program control to the address error
exception service routine and process the error.

When an address error does occur in exception processing stacking, the stacking bus cycle (write)
is executed. In SR and PC stacking, four is subtracted from each of the SPs so the SP values are
not multiples of four after stacking either. Since the address value output during stacking is the SP
value, the address that produced the error is exactly what is output. In such cases, the stacked write
data will be undefined.
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Section 5 Interrupt Controller

5.1 Overview

The interrupt controller (INTC) determines the priority of interrupt sources and controls interrupt
requests to the CPU. INTC has registers for assigning priority levels to interrupt sources. These
registers handle interrupt requests according to user-established priorities.

5.1.1 Features

The interrupt controller has the following features:

* 16 settable priority levels: Five interrupt priority registers can set 16 levels of interrupt priorities
for IRQ and on-chip peripheral interrupt sources.

* The INTC has an NMI input level T bit that indicates NMI pin status. By reading this bit with
the interrupt exception service routine, the pin status can be checked for use in a noise canceller
function.

* The interrupt controller can notify external devices (via the IRQOUT pin) that an onchip
interrupt has occured. In this way an external device can, for example, be informed if an on-chip
interrupt occurs while the chip is operating in a bus-released mode and the bus has been
requested.

5.1.2  Block Diagram

Figure 5.1 is a block diagram of the interrupt controller.
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5.1.3  Pin Configuration

INTC pins are summarized in table 5.1.

Table 5.1 INTC Pin Configuration

Name Abbr. VO Function

Nonmaskable interrupt input pin - NMI I Inputs a non-maskable interrupt request signal
Interrupt request input pins IRQO-IRQ7 |  Inputs maskable interrupt request signals
Interrupt request output pin IRQOUT O Outputs a signal indicating an interrupt source

has occurred.

5.1.4 Registers

The interrupt controller has six registers as listed in table 5.2. These registers are used for setting
interrupt priority levels and controlling the detection of external interrupt input signals.

Table 5.2 Interrupt Controller Register Configuration

Name Abbr. R/W Address*? Initial Value  Bus width
Interrupt priority register A IPRA RW HSFFFF84 H'0000 8, 16, 32
Interrupt priority register B IPRB R/W H'SFFFF86 H'0000 8, 16, 32
Interrupt priority register C IPRC R/W H'SFFFF88 H'0000 8, 16, 32
Interrupt priority register D IPRD R/W H'SFFFF8A  H'0000 8, 16, 32
Interrupt priority register E IPRE  R/W H'SFFFF8C H'0000 8, 16, 32
Interrupt control register ICR R/W  H'SFFFF8E *1 8, 16, 32

Note: 1. H'8000 when pin NM! is high, H'0000 when pin NMI is low.

2. Only the values of bits A27-A24 and A8—A0 are valid; bits A23-A9 are ignored. For
details on the register addresses, see section 8.3.5, Description of Areas.

5.2  Interrupt Sources

There are four types of interrupt sources: NMI, user break, IRQ, and on-chip peripheral module
interrupts.

Interrupt rankings are expressed as priority levels (0-16), with 0 the lowest and 16 the highest. An
interrupt set to level O is masked.

521 NMI Interrupts

NMIl is the highest-priority interrupt (level 16) and is always accepted. Input at the NMI pin is
edge-sensed. Either the rising or falling edge can be selected by setting the NMI edge select bit
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(NMIE) in the interrupt control register (ICR). NMI interrupt exception processing sets the
interrupt mask level bits (13-10) in the status register (SR) to level 15,

5.2.2  User Break Interrupt

A user break interrupt occurs when a break condition is satisfied in the user break controller -
(UBC). A user break interrupt has priority level 15. User break interrupt exception processing sets
the interrupt mask level bits (I3-10) in the status register (SR) to level 15. For further details about
the user break interrupt, see section 6, User Break Controller.

5.2.3 IRQ Interrupts

IRQ interrupts are requested by input from pins IRQO-IRQ7. IRQ sense select bits 0—7 (IRQOS—
IRQ7S) in the interrupt control register (ICR) can select low-level sensing or falling-edge sensing
for each pin independently. Interrupt priority registers A and B (IPRA and IPRB) can select
priority levels from 015 for each pin. IRQ interrupt exception processing sets the interrupt mask
level bits (I3-10) in the status register (SR) to the priority level value of the IRQ interrupt that was
accepted.

5.2.4  On-Chip Interrupts

On-chip interrupts are interrupts generated by the following 6 on-chip peripheral modules:

¢ Direct memory access controller (DMAC)
* 16-bit integrated-timer pulse unit (ITU)
 Serial communications interface (SCI)

* Bus state controller (BSC)

¢ A/D converter (A/D)

* Watchdog timer (WDT)

A different interrupt vector is assigned to each interrupt source, so the exception service routine
does not have to decide which interrupt has occurred. Priority levels 0—15 can be assigned to
individual on-chip peripheral module in interrupt priority registers C—-E (IPRC-IPRE). On-chip
interrupt exception processing sets the interrupt mask level bits (I3-10) in the status register (SR)
to the priority level value of the on-chip interrupt that was accepted.

5.2.5 Interrupt Exception Vectors and Priority Rankings
Table 5.3 lists the vector numbers, vector table address offsets, and interrupt priority order of the
interrupt sources.

Each interrupt source is allocated a different vector number and vector table address offset. The
vector table address is calculated from this vector number and address offset. In interrupt
exception processing, the exception service routine start address is fetched from the vector table
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indicated by this vector table address. See table 4.3, Calculation of Exception Vector table
Addresses, in section 4, Exception Processing, for details on this calculation.

Arbitrary interrupt priority levels between 0 and 15 can be assigned to IRQ and on-chip peripheral

module interrupt sources by setting interrupt priority registers A-E (IPRA-IPRE) for each pin or

module. The interrupt sources for IPRC-IPRE, however, must be ranked in the order listed under

Priority Within Module in table 5.3 and cannot be changed. A reset assigns priority level 0 to IRQ

and on-chip peripheral module interrupts. If the same priority level is assigned to two or more

interrupt sources, and interrupts from those sources occur simultaneously, their priority order is the
default priority order indicated at the right in table 5.3.
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Table 5.3  Interrupt Exception Vectors and Rankings

Interrupt Pri- Priority Vec- Default
ority Order IPR (bit Within tor Address Offsetin Priority
Interrupt Source (initial value) numbers) Module No. Vector table Order
NMI 16 — — 11 H'0000002C-H'0000002F High
User break 15 — — 12  H'00000030-H'00000033
IRQO 0-15 (0) IPRA (15-12) — 64 H'00000100—-H'00000103
IRQ1 0-15 (0) IPRA (11-8) — 65 H'00000104-H'000001G7
IRQ2 0-15 (0) IPRA (7-4) — 66 H'00000108-H'0000010B
IRQ3 0-15 (0) IPRA (3-0) — 67 H'0000010C-H'0000010F
IRQ4 0-15 (0) IPRB (15-12) — 68 H'00000110-H'00000113
IRQ5 0-15 (0) IPRB (11-8) — 69 H'00000114—-H'00000117
IRQ6 0-15 (0) IPRB (7-4) — 70 H'00000118-H'0000011B
IRQ7 0-15 (0) IPRB (3-0) — 71 H'0000011C-H'0000011F
DMACO DEI0  0-15 (0) IPRC (15-12) 3 72 H'00000120-H'00000123
Reserved 2 73 H'00000124-H'00000127
DMAC1 DEN 1 74 H'00000128-H'0000012B
Reserved 0 75 H'0000012C—-H'0000012F
DMAC?2 DEI2 0-15 (0) IPRC (11-8) 3 76  H'00000130-H'00000133
Reserved 2 77 H'00000134-H'00000137
DMAC3 DEI3 1 78 - H'00000138-H'0000013B
Reserved 0 79 H'0000013C-H'0000013F
ITUO  IMIAO  0-15(0) IPRC (7-4) 3 80 H'00000140-H'00000143
IMIBO 2 81 H'00000144-H'00000147
ovio 1 82 H'00000148-H'0000014B
Reserved 0 83 H'0000014C-H'0000014F
ITU1 IMIA1 0-15 (0) IPRC(3-0) & 84 H'00000150-H'00000153
IMIB1 2 85 H'00000154-H'00000157
ovi 1 86 H'00000158-H'0000015B
Reserved 0 87 H'0000015C-H'0000015F
ITU2 IMIA2  0-15(0) IPRD (15-12) 3 88 H'00000160-H'00000163
iMIB2 2 89 H'00000164-H'00000167
ovi2 1 90 H'00000168-H'0000016B
Reserved 0 91  H'0000016C-H'0000016F
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Table 5.3

Interrupt Exception Vectors and Rankings (cont)

Interrupt Pri- Priority Vec- Default
ority Order IPR (bit Within tor Address Offset in Priority
Interrupt Source (initial value) numbers) Module No. Vector table Order
ITU3 IMIA3 0-15 (0) IPRD (11-8) 3 92 H'00000170-H'00000173
IMIB3 2 93 H'00000174-H'00000177
ovi3 1 94 H'00000178-H'0000017B
Reserved 0] 95 H'0000017C-H'0000017F
ITU4 IMIAA  0-15(0) IPRD (7-4) 3 96 H'00000180-H'00000183
IMIB4 2 97 H'00000184-H'00000187
ovi4 1 98 H'00000188-H'0000018B
Reserved 0 99 H'0000018C-H'0000018F
SCI0  ERIO 0-15 (0) IPRD (3-0) 3 100 H'00000190-H'00000193
Rxi0 2 101 H'00000194-H'00000197
TxI0 1 102 H'00000198-H'0000019B
TEIO 0 103 H'0000019C~H'0000019F
SCit ERI1 0-15(0) IPRE (15-12) 3 104 H'000001A0-H'000001A3
Rx!1 2 105 H'000001A4—-H'000001A7
Txi1 1 106 H'000001A8-H'000001AB
TEI1 0 107 H'000001AC-H'000001AF
PRT*! PEI 0-15(0) IPRE (11-8) 3 108 H'000001B0-H'000001B3
AD ITI 2 109 H'000001B4-H'000001B7
Reserved 1 110 H'000001B8-H'000001BB
Reserved 0 111 H'000001BC-H'000001BF
WDT Tl 0-15(0) IPRE(74) 3 112 H'000001C0-H'000001C3
REF*2 CMI 2 113 H'000001C4-H'000001C7
Reserved 1 114 H'000001C8-H'000001CB
Reserved 0 115 H'000001CC-H'000001CF
Reserved —_ —_ — 116 H'000001D0-H'000001D3
to to
255 Low

Notes: 1. PRT: Parity control unit of bus state controller.
2. REF: DRAM refresh control unit of bus state controller.

H'000003FC~H'000003FF
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5.3  Register Descriptions

5.3.1 Interrupt Priority Registers A~E (IPRA-IPRE)

The five registers from IPRA-IPRE are 16-bit read/write registers that assign priority levels from
0-15 to the IRQ and on-chip peripheral module interrupt sources. Interrupt request sources are
mapped onto IPRA-IPRE as shown in table 5.4.

Bit: 15 14 13 12 11 10 9 8
Bit name: I l l I I I I _ [
Initial value: 0 0 0 0 0 0 0 0

RW: RW R/W RW RW R/W RW RW RW

Bit: 7 6 5 4 3 2 1 0
sname: | | | | [ [ [ ] ]
Initial value: 0 0 0 0 0 0 0 0

RW: RW RW RW R/W R/W R/W RW  RW

Table 5.4 Interrupt Request Sources and [IPRA-IPRE

Register Bits 15-12 Bits 11-8 Bits 7-4 Bits 3—0

IPRA IRQO IRQ1 IRQ2 IRQ3

IPRB IRQ4 IRQ5 IRQ6 IRQ7

IPRC DMACO, DMAC1 DMAC2, DMAC3 ITUO ITU1

IPRD ITU2 ITU3 ITU4 SCIo

IPRE SCH PRT*!, AD WDT, REF*2 (Reserved)*3

Notes: 1. PRT: Parity control unit of bus state controller. See section 8, Bus State Controller, for
details.

2. REF: DRAM refresh control unit of bus controller. See section 8, Bus State Controller,

for details.

3. When read, always 0. Always write O in reserved bits.

As indicated in table 5.4, four IRQ pins or four groups of on-chip peripheral modules are assigned
to each interrupt priority register. The priority levels for the four pins or groups can be set by
setting the corresponding 4-bit groups of bits 15-12, bits 11-8, bits 7-4, and bits 3-0 (of IPRA-
IPRE) with values in the range of H'0 (0000) to H'F (1111). Setting H'0 gives interrupt priority
level O (the lowest). Setting H'F gives level 15 (the highest). When two on-chip peripheral
modules are assigned to the same bits (DMACO and DMACI, or DMAC2 and DMAC3, or the
parity control unit and the A/D converter, or the watchdog timer and DRAM refresh control unit),
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those two modules have the same priority. A reset initializes IPRA-IPRE to H'0000. They are not
initialized by the standby mode.

5.3.2 Interrupt Control Register (ICR)

ICR is a 16-bit register that sets the input detection mode of the external interrupt input pins NMI
and IRQO-IRQ7 and indicates the input signal level to the NMI pin. A reset initializes ICR but the
standby mode does not.

Bitt 15 14 13 12 11 10 9 8
Bitname: | NMIL | — | — | — | — | — [ — | nmE]
Initial value: * 0 0 0 0 0 0 0
R/W: R — — - —_ — — R/W
Bit. 7 6 5 4 3 2 1 0
Bit name: | IRQOS | IRQ1S | IRQ2S | IRQ3S | IRQ4S | IRQSS | IRQSS | IRATS |
Initial value: 0 0 0 0 0 0 0 0

RW: RW RW RW RW RW R/W R/W R/W
Note: When NMI input is high: 1; when NMI input is low: 0

e Bit 15 (NMI input level (NMIL)): NMIL sets the level of the signal input at the NMI pin. NMIL
cannot be modified. The NMI input level can be read to determine the NMI pin level.

Bit 15: NMIL Description
0 NMI input level is low
1 NMI input level is high

¢ Bits 14-9 (reserved): These bits always read as 0. The write value should always be 0.

 Bit 8 (NMI edge select (NMIE)): NMIE selects whether the falling or rising edge of the
interrupt request signal to the NMI pin is sensed.

Bit 8: NMIE Description
0] Interrupt is requested on falling edge of NMI input (initial value)
1 Interrupt is requested on rising edge of NMI input

 Bits 7-0 (IRQO-IRQ7 sense select (IRQOS-IRQ7S)): IRQO-IRQ7 select whether the falling
edge or low level of the IRQ inputs is sensed at the pins IRQO-IRQ7.
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Bits 7-0: IRQOS-HRQ7S  Description

0 Interrupt is requested when TRQ input is low (initial value)
1 Interrupt is requested on falling edge of IRQ input
54  Interrupt Operation

5.4.1 Interrupt Sequence

The sequence of interrupt operations will be explained below. Figure 5.2 is a flowchart of the
operations up to acceptance of the interrupt.

1.
2.

The interrupt request sources send interrupt request signals to the interrupt controller.

The interrupt controller selects the highest-priority interrupt in the interrupt requests sent,
following the priority order indicated in table 5.3 and the levels set in interrupt priority
registers A—E (IPRA-IPRE). Lower priority interrupts are ignored*. If two interrupts with the
same priority level are requested simultaneously or if there are multiple interrupts occurring
within a single module, the interrupt with the highest default priority or priority within
module as indicated in table 5.3 is selected.

The interrupt controller compares the priority level of the selected interrupt request with the
interrupt mask level bits (I3-10) in the CPU’s status register (SR). If the request priority level
is equal to or less than the interrupt mask level, the request is ignored. If the request priority
level is higher than the interrupt mask level, the interrupt controller accepts the request and
sends an interrupt request signal to the CPU.

When the interrupt controller accepts an interrupt request, it drives the pin IRQOUT low.

The CPU detects the interrupt request sent from the interrupt controller when it decodes the
next instruction to be executed. Instead of executing that instruction, the CPU starts interrupt
exception processing.

In interrupt exception processing, first SR and PC are pushed onto the stack.

The priority level of the accepted interrupt is copied to the interrupt mask level bits (I3-10) in
the status register (SR).

When the accepted interrupt is level-sensed or from an on-chip peripheral module, The pin
IRQOUT returns to the high level. If the accepted interrupt is edge-sensed, the pin IRQOUT
returns to the high level when the instruction to be executed by the CPU in (5) is replaced by
the interrupt exception processing. If the interrupt controller has accepted another interrupt (of
a level higher than the current interrupt), however, the pin IRQOUT remains low.

The CPU accesses the exception vector table at the entry for the vector number of the
accepted interrupt, reads the start address of the exception service routine, branches to that
address, and starts executing the program there. This branch is not delayed.

Note: The interrupts selected edge sensing are held pending.
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IRQOUT is the same signal as the interrupt request signal to the CPU (figure 5.1).

The pin IRQOUT return to the high level when the interrupt controller has accepted
the interrupt of a level higher than the 13 to 10 bits of the status register in the CPU.
2. Ifthe accepted interrupt is edge-sensed, the pin IRQOUT returns to the high level
when the instruction to be executed by the CPU is replaced by the interrupt
exception processing (before the status register is saved to the stack ). If the
interrupt controller has accepted another interrupt of a level higher than the current
interrupt. and has requested the interrupt to the CPU, however, the pin IRQOUT

remains low.

Figure 5.2 Flowchart of Interrupt Operation
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54.2  Stack after Interrupt Exception Processing

Figure 5.3 shows the stack after interrupt exception processing.

Address
4n-8 pPC*2 Upper 16 bits
ws | Lower 16 bits |
4n—4 SR Upper 16 bits
4n-2 Lower 16 bits
4n

Notes: 1. Bus width is 16 bits.

2. PC stores the top address of the next instruction (return instruction) after the

executed instruction.

3. The value of SP must always be a multiple of four.

<] sp*3

Figure 5.3 Stack after Interrupt Exception Processing
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5.5 Interrupt Response Time

Table 5.5 indicates the interrupt response time, which is the time from the occurrence of an
interrupt request until the interrupt exception processing starts and fetching of the first instruction
of the interrupt service routine begins. Figure 5.4 shows the pipeline when an IRQ interrupt is
accepted.

Table 5.5 Interrupt Response Time

Number of States
NMI or On-Chip

Item Interrupt IRQ Notes

Interrupt priority decision 2 : 3

and comparison with SR

mask bit

Wait for completion of X (=0) The longest sequence is the

sequence currently being interrupt or address error

executed by CPU exception processing

) sequence: X=4+m1+m2 +

m3 + m4. If an interrupt-
masking instruction follows,
however, the time may be
longer.

Time from interrupt 5+m1+m2+m3

exception processing

(saving PC and SR and

fetching vector address)

until fetching of first

instruction of interrupt

service routine starts

Interrupt Total 7+mi+m2+m3 8+mi1+m2+m3

response Minimum 10 1 0.50-0.55 s at 20 MHz

Maximum 11 +2m1+m2+ 12+2(m1+m2+ (m1=m2=m3=m4)0.90-
m3) + m4 m3) + m4 0.95 us at 20 MHz

Notes: m1-m4 are the number of states needed for the following memory accesses:
m1: SR save cycle (long word write)
m2: PC save cycle (long word write)
m3: Vector address read cycle (long word read)
m4: Fetch top instruction of interrupt service routine
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Instruction (instruction replaced by

\
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interrupt exception processing)
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interrupt response time is 11 cycles

F (Instruction fetch) Instruction fetched from memory where program is stored.

D (Instruction decoding) The fetched instruction is decoded.

E (Instruction execution) Data operations and address calculations are performed according to
the decoded results.

M (Memory access) Data in memory is accessed.

Figure 5.4 Pipeline Operation When IRQ Interrupt Is Accepted
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Section 6 User Break Controller

6.1 Overview

The user break controller (UBC) simplifies the debugging of user programs. Break conditions are
set in the UBC and a user break interrupt request is sent to the CPU in response to the contents of a
CPU or DMAC bus cycle. This function can implement an effective self-monitoring debugger, .
enabling a program to be debugged by itself without using a large in-circuit emulator.

6.1.1 Features

» The following break conditions can be set:
— Address
— CPU cycle or DMA cycle
— Instruction fetch or data access

— Read or write
— Operand size (long word access, word access, or byte access)

* When break conditions are met, a user break interrupt is generated. A user-created user break
interrupt exception routine can then be executed.

* When a break is set to a CPU instruction fetch, the break occurs just before the fetched
instruction.

6.1.2  Block Diagram

Figure 6.1 is the block diagram of the user break controller.
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BARH, BARL: Break address registers H and L
BAMRH, BAMRL: Break address mask registers H and L
BBR: Break bus cycle register

|
|
|
{
: Module bus Bus
| interface
|
| C | E
! | BBR | [BAMRH| |BARH ! =
| | E
: BAMRL BARL ! g
| VY |
| . H
I |
| !
I |
} Break condition comparator < !
|
| LN
! |
! |
{ [
! A 4 !
| User break !
| interrupt ! Interrupt request
| generating |
! circuit !
! |
1

Interrupt controller

Figure 6.1 Block Diagram of the User Break Controller

6.1.3  Register Configuration

The user break controller has five registers as listed in table 6.1. These registers are used for

setting break conditions.
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Table 6.1  User Break Controller Registers

Initial
Name Abbr. R/W  Address* Value  Bus width
Break address register high BARH R/W  H'SFFFF90 H'0000 8, 16, 32
Break address register low BARL RW  HSFFFF92  H'0000 8, 16, 32
Break address mask register high BAMRH R/MW  H'5FFFF94 H'0000 8, 16, 32
Break address mask register low BAMRL R/W H'sSFFFF96 H'0000 8, 16, 32
Break bus cycle register BBR RW H'5sFFFF98 H'0000 8, 16, 32

Note: Only the values of bits A27-A24 and A8-AO are valid; bits A23~A9 are ignored. For details
on the register addresses, see section 8.3.5, Description of Areas.

6.2  Register Descriptions

6.2.1 Break Address Registers (BAR)

There are two break address registers—break address register H (BARH) and break address
register L (BARL)—that together form a single group. Both are 16-bit read/write registers. BARH
stores the upper bits (bits 31-16) of the address of the break condition. BARL stores the lower bits
(bits 15-0) of the address of the break condition. A reset initializes both BARH and BARL to
H'0000. Neither is initialized in standby mode.

BARH: Break address register H.

Bt 15 14 13 12 11 10 9 8
Bitname: | BA31 | BA30 | BA29 | BA28 | BA27 | BA26 | BA25 | BA24 |
Initial value: 0 0 0 0 0 0 0 0

RW: RW RW R/W R/W R/W RW R/W RW

Bt 7 6 5 4 3 2 1 0
Bitname: | BA23 | BA22 | BA21 | BA20 | BA19 | BA18 | BA17 | BA6 |
Initial value: 0 0 0 0 0 0 0 0

RW: RW RW RW RW RW RW RW R/W

* BARH Bits 15-0 (break address 31-16 (BA31-BA16)): BA31-BA16 store the upper bit values
(bits 31-16) of the address of the break condition.
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BARL: Break address register L.

Bt 15 14 13 12 11 10 9 8
Bitname: | BA15 | BA14 | BA13 | BA12 | BA11 | BA10 | BA9 | Bas |
Initial value: o 0 0 0 0 0 0 0

RW:  RW RW RW R/W R/W RW RW R/W

Bt 7 6 5 4 3 2 1 0
Bitname: | BA7 | BA6 | BAS | BA4 | BA3 | BA2 | BA1 | BAO |
Initial value: 0 0 0 0 0 0 0 0

RW: RW RW R/W RW R/W R/W RW RW

¢ BARL Bits 15-0 (break address 15-0 (BA15-BA0)): BA15-BAO store the lower bit values
(bits 15-0) of the address of the break condition.

6.2.2 Break Address Mask Register (BAMR)

The two break address mask registers—break address mask register H (BAMRH) and break
address mask register L (BARML)—together form a single group. Both are 16-bit read/write
registers. BAMRH determines which of the bits in the break address set in BARH are masked.
BAMRL determines which of the bits in the break address set in BARL are masked. A reset
initializes BAMRH and BARML to H'0000. They are not initialized in the standby mode.

BAMRH: Break address mask register H.

Bt 15 14 13 12 11 10 9 8
Bit name: [ BAM31 | BAM30 | BAM29| BAM28 | BAM27 | BAM26 | BAM25 [ BAM24]
Initial value: 0 0 0 0 0 0 0 0

RW:  RW R/W R/W R/W R/W R/W RWwW RW

Bt 7 6 5 4 3 2 1 0
Bit name: LBAMZS | BAM22 | BAM21 | BAM20 | BAM19 | BAM18 | BAM17 | BAM16 |
Initial value: 0 0 0 0 0 0 0 0

RW: RW RW R/W RW RW R/W RW RW

* BAMRH bits 15-0 (break address mask 31-16 (BAM31-BAM16)): BAM31-BAMI16 specify
whether bits BA31-BA16 of the break address set in BARH are masked or not.
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BAMRL: Break address mask register L.

Bit: 15 14 13 12 11 10 9 8
Bit name: | BAM15 ] BAM14 | BAM13] BAM12 | BAM11 |BAM1o| BAM9 | BAMS |
Initial value: 0 0 0 0 0 0 0 0

RW: RW RW RW RW RW RW R/W RW

Bit: 7 6 5 4 3 2 1 0
Bitname: | BAM7 | BAM6 | BAMS | BAM4 | BAM3 | BAM2 | BAM1 | BAMO |
Initial value: 0 0 0 0 0 0 0 0

RW: RW R/W R/W RW R/W R/W RW R/W

e BAMRL bits 15-0 (break address mask 15-0 (BAM15-BAMO0)): BAM15-BAMO specify
whether bits BA15-BAO of the break address set in BARH are masked or not.

Bits 15-0: BAMn Description

0 Break address bit BAn is included in the break condition (initial value)
1 Break address bit BAn is not included in the break condition

n=31-0

6.2.3  Break Bus Cycle Register (BBR)

The break bus cycle register (BBR) is a 16-bit read/write register that selects the following four
break conditions:

* CPU cycle or DMA cycle

¢ Instruction fetch or data access

¢ Read or write

* Operand size (byte, word, long word).

A reset initializes BBR to H'0000. It is not initialized in the standby mode.
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Bt 15 14 13 12 11 10 9 8
sunane: [ — [ — [ = [ = [ = [ = [ = [ — ]
Initial value: 0 0 0 0 0 0 0 0

RW:  — — — — — — — —

Bit: 7 6 5 4 3 2 1 0
Bitname: | cD1 | cpo | 1d1 [ o | RW1 | Rwo | sz1 | szo |
Initial value: 0 0 0 0 0 0 0 0

RW. RW RW RW PRW RW RW RW RW

* Bits 15-8 (reserved): These bits always read as 0. The write value should always be 0.

¢ Bits 7 and 6 (CPU cycle/DMA cycle select (CD1 and CDO0)): CD1 and CDO select whether to
break on CPU and/or DMA bus cycles.

Bit 7: CD1 Bit 6: CDO Description

0 0 No break interrupt occurs (initial value)
1 Break only on CPU cycles

1 0 Break only on DMA cycles

1

Break on both CPU and DMA cycles

¢ Bits 5 and 4 (instruction fetch/data access select (ID1, ID0)): ID1, IDO select whether to break
on instruction fetch and/or data access bus cycles.

Bit 5: ID1 Bit 4: IDO Description
0 0 No break interrupt occurs (initial value)
1 Break only on instruction fetch cycles
1 0 Break only on data access cycles
1 Break on both instruction fetch and data access cycles
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¢ Bits 3 and 2 (read/write select (RW1, RWO0)): RW1, RWO select whether to break on read

and/or write access cycles.

Bit 3: RW1 Bit 2: RW0 Description

0 0 No break interrupt occurs (initial value)
1 Break only on read cycles

1 0] Break only on write cycles
1 Break on both read and write cycles

* Bits 1 and 0 (operand size select (SZ1, SZ0)): SZ1, SZ0 select bus cycle operand size as a break

condition.
Bit 1: SZ1 Bit 0: SZ0 Description
0 0 Operand size is not a break condition (initial value)
1 Break on byte access
1 0 Break on word access

1

Break on long word access

Note: When setting to break on an instruction fetch, set the SZ0 bit to 0. All instructions will be
considered to be accessed as words (even those instructions in on-chip memory for which
two instructions can be fetched simultaneously in a single bus cycle). Instruction fetch is by
word access and CPU/DMAC data access is by the specified operand size. They are not
determined by the bus width of the space being accessed.

6.3  Operation

6.3.1  Flow of the User Break Operation

The flow from setting of break conditions to user break interrupt exception processing is described

below.

1. Break conditions are set in break address register (BAR), break address mask register
(BAMR), and the break bus cycle register (BBR). Set the break address in the BAR, the
address bits to be masked in the BAMR and the type of breaking bus cycle in the BBR. When
even one of the BBR groups (CPU cycle/DMA cycle select bits (CD1, CDO0), instruction
fetch/data access select bits (ID1, ID0), read/write select bits (RW1, RWO0)) is set to 00 (no
user break interrupt), there will be no user break even when all other ¢onditions are consistent.
To use a user break interrupt, set conditions for all three pairs.

2. The UBC checks to see if the set conditions are satisfied, using the system shown in figure
6.2. When the break conditions are satisfied, the UBC sends a user break interrupt request to

the interrupt controller.
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3.  When receiving the user break interrupt request, the interrupt controller checks its priority
level. The user break interrupt has priority level 15, so it is accepted only if the interrupt mask
level in bits I3-10 in the status register (SR) is 14 or lower. When the I3-10 bit level is 15, the
user break interrupt cannot be accepted but it is held pending until user break interrupt
exception processing is carried out. NMI exception processing sets I3-10 to level 15, so a user
break cannot occur during the NMI service routine unless the NMI service routine itself
begins by reducing 13-10 to level 14 or lower. Section 5, Interrupt Controller, described the
handling of priority levels in greater detail.

4. The INTC sends a request signal for a user break interrupt to the CPU. When the CPU
receives it, it starts user break interrupt exception processing. Section 5.4, Interrupt Operation,
describes interrupt exception processing in more detail.
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Figure 6.2 Break Condition Logic
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6.3.2  Break on Instruction Fetch Cycles to On-Chip Memory

On-chip memory (on-chip ROM (SH7034 only) and RAM) is always accessed 32 bits each bus
cycle. Two instructionsare therefore fetched in a bus cycle from on-chip memory . Although only
a single bus cycle occurs for the two-instruction fetch, a break can be set on either instruction by
placing the corresponding address in the break address registers (BAR). In other words, to break
the second of the two instructions fetched, set its start address in the BAR. The break will then
occur after the first instruction executes.

6.3.3  Program Counter (PC) Value Saved in User Break Interrupt Exception Processing

Break on Instruction Fetch: The program counter (PC) value saved in user break interrupt
exception processing for an instruction fetch is the address set as the break condition. The user
break interrupt is generated before the fetched instruction is executed. If a break condition is set on
the fetch cycle of a delayed slot instruction immediately following a delayed branch instruction or
on the fetch cycle of an instruction that follows an interrupt-disabling instruction, however, the
user break interrupt is not accepted immediately, so the instruction is executed. The user break
interrupt is not accepted until immediately after that instruction. The PC value that will be saved is
the start address of the next instruction that is able to accept the interrupt.

Break on Data Access (CPU/DMAC): The program counter (PC) value is the top address of the
next instruction after the last executed instruction at the time when the user break exception
processing is activated. When data access (CPU/DMAC) is set as a break condition, the place
where the break will occur cannot be specified exactly. The break will occur at the instruction
fetched close to where the data access that is to receive the break occurs.

6.4  Setting User Break Conditions
CPU Instruction Fetch Bus Cycle:

* Register settings: BARH = H'0000, BARL = H'0404, BBR = H'0054 )
Conditions set: Address = H'00000404, Bus cycle = CPU, instruction fetch, read (operand size
not included in conditions)
A user break interrupt will occur immediately before the instruction at address H'00000404. If
the instruction at address H'00000402 can accept an interrupt, the user break exception
processing will be executed after that instruction is executed. The instruction at H'00000404
will not be executed. The value saved to PC is H'00000404.

¢ Register settings: BARH = H'0015, BARL = H'389C, BBR = H'0058
Conditions set: Address = H'0015389C, Bus cycle = CPU, instruction fetch, write (operand size
not included in conditions) '

No user break interrupt occurs, because no instruction fetch cycle is ever a write cycle.

* Register settings: BARH = H'0003, BARL = H'0147, BBR = H'0054
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Conditions set: Address = H'00030147, Bus cycle = CPU, instruction fetch, read (operand size
not included in conditions)

No user break interrupt occurs, because instructions are always fetched from even addresses. If
the first fetched address after a branch is odd and a user break is set on this address, however,
user break exception processing will be carried out after address error exception processing.

CPU Data Access Bus Cycle:

* Register settings: BARH = H'0012, BARL = H'3456, BBR = H'006A
Conditions set: Address = H'00123456, Bus cycle = CPU, data access, write, word
A user break interrupt occurs when word data is written to address H'00123456.

* Register settings: BARH = H'00A8, BARL = H'0391, BBR = H'0066
Conditions set: Address = H'00A80391, Bus cycle = CPU, data access, read, word
No user break interrupt occurs, because word data access is always to an even address.

DMA Cycle:

¢ Register setting: BARH = H'0076, BARL = HBCDC, BBR = H'00A7
Conditions set: Address = H'0076BCDC, Bus cycle = DMA, data access, read, long word
A user break interrupt occurs when long word data is read from address H'0076BCDC.

¢ Register setting: BARH = H'0023, BARL = H'45C8, BBR = H'0094
Conditions set: Address = H'002345C8, Bus cycle = DMA, instruction fetch, read (operand size
not included)
No user break interrupt occurs, because a DMA cycle includes no instruction fetch.
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6.5 Notes

6.5.1 On-Chip Memory Instruction Fetch

Two instructions are simultaneously fetched from on-chip memory. If a break condition is set on
the second of these two instructions but the contents of the UBC break condition registers are
changed so as to alter the break condition immediately after the first of the two instructions is
fetched, a user break interrupt will still occur when the second instruction is fetched.

6.5.2 Instruction Fetch at Branches

When a conditional branch instruction or TRAPA instruction causes a branch, instructions are
fetched and executed as follows:

1. Conditional branch instruction, branch taken: BT, BF

Instruction fetch cycles: Conditional branch fetch — Next-instruction overrun fetch —Next-
instruction overrun fetch — Branch destination fetch

Instruction execution: Conditional branch instruction execution — Branch destination
instruction execution

2. - TRAPA instruction, branch taken: TRAPA

Instruction fetch cycles: TRAPA instruction fetch — Next-instruction overrun fetch — Next-
instruction overrun fetch — Branch destination fetch

Instruction execution: TRAPA instruction execution — Branch destination instruction
execution

When a conditional branch instruction or TRAPA instruction causes a branch, the branch
destination will be fetched after the next instruction or the one after that does an overrun fetch.
When the next instruction or the one after that is set as a break condition, a branch will result in
the generation of a user break interrupt at the next instruction or the instruction after that, neither
of which instructions will be executed.
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Section 7 Clock Pulse Generator

7.1 Overview

The SH microcomputer has a built-in clock pulse generator (CPG) that supplies the LSI and
external devices with a clock pulse. The CPG makes the LSI run at the oscillation frequency of the
crystal resonator. The CPG consists of an oscillator and a duty cycle correcting circuit (figure 7.1).
The CPG can be made to generate a clock signal by connecting it to a crystal resonator or by
inputting an external clock. (The CPG is halted in standby mode.)

ITTTTTTT T T T T CPG --7
1 .
| :
XTAL —+—» . !
: Oscillator »| Duty correcting Ly Internal
! circuit | clock (¢)
EXTAL ——» !
| :
' |
CK & |
System clock ! !

Figure 7.1 Block Diagram of the Clock Pulse Generator

7.2 Clock Source

Clock pulses can be supplied from a connected crystal resonator or an external clock.

7.2.1 Co;lnecting a Crystal Resonator

Circuit Configuration: A crystal resonator can be connected as shown in figure 7.2. Use the
damping resistance Rd shown in table 7.1. Use an AT-cut parallel resonating crystal with a
frequency equal to the system clock (CK) frequency. Connect load capacitors (Cp | and Cy3) as
shown in the figure. The clock pulse produced by the crystal resonator and internal pulse generator
is sent to the duty cycle correction circuit where its duty cycle is corrected. It is then supplied to
the LSI and to external devices.
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C.;=C,=10-22 pF EXTAL T
= .

XTAL W

Figure 7.2 Connection of the Crystal Resonator (Example)
Table 7.1 Damping Resistance

Frequency [MHz] 2 4 8 12 16 20

Rd [Q] 1k 500 200 0 0 0

Crystal Resonator: Figure 7.3 shows an equivalent circuit of the crystal resonator. Use a crystal
resonator with the characteristics listed in table 7.2.

L C Rs
G
— 000\ i AN
XTAL +— > EXTAL
1o
| I

Figure 7.3 Crystal Resonator Equivalent Circuit

Table 7.2  Crystal Resonator Parameters

Frequency (MH2)
Parameter 2 4 8 12 16 20
Rs max[Q] 500 120 80 60 50 40
Comax|[pF] 7 7 7 7 7 7

Value to be determined (TBD)

7.2.2  External Clock Input

An external clock signal can be input at the EXTAL pin as shown in figure 7.4. The XTAL pin
should be left open. The frequency must be equal to the system clock (CK) frequency. The
specifications for the waveform of the external clock input are given below. Make the external
clock frequency the same as the system clock (CK).
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External clock input l ‘ ——— | EXTAL

Figure 7.4 External Clock Input Method

tCyC i

texr text

Figure 7.5 Input Clock Waveform
Table 7.3  Input Clock Specifications

5 V Specifications 3.3 V Specifications

(fmax = 20 MHz) (fmax = 12.5 MHz2) Units
texut (ViL=ViH) Max =5 Max = 10 ns
texn (1/2 Ve Min = 10 Min =20 ns

standard)

7.3  Usage Notes

Board Design: When designing the board, place the crystal resonator and its load capacitors as
close as possible to the XTAL and EXTAL pins. Route no other signal lines near the XTAL and
EXTAL pin signal lines to prevent induction from interfering with correct oscillation. See
figure 7.6.

Duty Cycle Correction Circuit: Duty cycle corrections are conducted for an input clock over 5
MHz. Duty cycles may not be corrected if under S MHz, but AC characteristics for the high-level

HITACHI 91




pulse width (tcH) and low-level pulse width (tcL) of the clock are satisfied, and the LSI will
operate normally. Figure 7.7 shows the standard characteristics of a duty cycle correction. This
duty cycle correction circuit is not for correcting the input clock's transient fluctuations and jutters.

No crossing
signal lines
| | ‘
| |
| i
C I |
Je
1 I i 1: XTAL
! |
3 ! !
C ]
| FL2 ! ;
1T . : : EXTAL
1 1

Figure 7.6 Precaution on Oscillator Circuit Board Design

Input dut
0F p y
> 60 SN i
3 60 "~~~
R e
S - —
40 - - 40 ///// E
-7 i
--730 !
30 [
i
! | ! | 1
1 2 5 10 20
(MHz2)
Input frequency
Figure 7.7 Duty Cycle Correction Circuit Standard Characteristics
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Section 8 Bus State Controller

8.1 Overview

The bus state controller (BSC) divides address space and outputs control signals for all kinds of
memory and peripheral LSIs. BSC functions enable the LSI to link directly with DRAM, SRAM,
ROM, and peripheral LSIs without the use of external circuits, simplifying system design and
allowing high-speed data transfers in a compact system.

8.1.1 Features
The BSC has the following features:

* Address space is divided into eight areas

— A maximum 4-Mbyte of linear address space for each of eight areas, 0—7 (area 1 can be up
to 16-Mbyte linear space when set for DRAM) (The space that can actually be used varies
with the type of memory connected)

— Bus width (8 bits or 16 bits) can be selected by access address
— On-chip ROM and RAM is accessed in one cycle (32 bits wide)
— Wait states can be inserted using the WAIT pin

— Wait state insertion can be controlled through software. Register settings can be used to
specify the insertion of 1-4 cycles for areas 0, 2, and 6 (long wait function)

— The type of memory connected can be specified for each area.

— Outputs control signals for accessing the memory and peripheral LSIs connected to the area
* Direct interface to DRAM

— Multiplexes row/column addresses according to DRAM capacity

— Two types of byte access signals (dual-CAS system and dual-WE system)

— Supports burst operation (high-speed page mode)

— Supports CAS-before-RAS refresh and self-refresh
¢ Access control for all memory and peripheral LSIs

— Address/data multiplex function
* Parallel execution of external writes and the like with internal access (warp mode)
* Supports parity check and generation for data bus

— 0Odd parity/even parity selectable

— Interrupt request generated for parity error (PEI interrupt request signal)
» Refresh counter can be used as an 8-bit interval timer

— Interrupt request generated at compare match (CMI interrupt request signal)

8.1.2  Block Diagram

Figure 8.1 shows the block diagram of the bus state controller.
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WCR: Wait state control register
BCR: Bus control register

DCR: DRAM area control register

RCR: Refresh control register

RTCSR: Refresh timer control/status register
RTCNT: Refresh timer counter

RTCOR: Refresh time constant register
PCR: Parity control register

Figure 8.1
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8.1.3

Table 8.1 shows the BSC pin configuration.

Pin Configuration

Table 8.1 Pin Configuration

Name Abbreviation VO Function

Chip select 7-0 CS7-CS0 O Chip select signal that indicates the area being
accessed

Read RD O  Strobe signal that indicates the read cycle

High write WRH O  Strobe signal that indicates write cycle to upper 8 bits

Low write WRL O Strobe signal that indicates write cycle to lower 8 bits

Write WR*! O  Strobe signal that indicates write cycle

High byte strobe HBS*2 O  Strobe signal that indicates access to upper 8 bits

Low byte strobe [BS*3 O  Strobe signal that indicates access to lower 8 bits

Row address strobe  RAS O DRAM row address strobe signal

High column address CASH O Column address strobe signal for accessing the upper

strobe 8 bits of the DRAM

Low column address CASL O Column address strobe signal for accessing the lower

strobe 8 bits of the DRAM

Address hold AH O Signal for holding the address for address/data
multiplexing

Wait WAIT | Wait state request signal

Address bus A21-A0 O  Address output

Data bus AD15-ADO I/O Data I/0. During address/data multiplexing, address
output and data input/output.

Data bus parity high  DPH I/O Parity data /O for upper byte

Data bus parity low DPL I/O Parity data I/O for lower byte

Notes: 1. Doubles with the WRL pin. (Selected by the BAS bit of the BCR. See section 8.2.1, Bus
Control Register, for details.

2. Doubles with the AQ pin. (Selected by the BAS bit of the BCR. See section 8.2.1, Bus
Control Register, for details.

3. Doubles with the WRH pin. (Selected by the BAS bit of the BCR. See section 8.2.1, Bus

Control Register, for details.

8.14

Register Configuration

The BSC has ten registers (listed in table 8.2) which control space division, wait states, DRAM
interface, and parity check.
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Table 8.2  Register Configuration

Name Abbr. R/W Initial Value Address*! Bus width
Bus control register BCR R/W H'0000 H'SFFFFAO 8,16,32
Wait state control register 1 WCRH1 RW HFFFF H'SFFFFA2 8,16,32
Wait state control register 2 WCR2 RW H'FFFF H'5SFFFFA4  8,16,32
Wait state control register 3 WCR3 R/W HF800 H'5FFFFA6  8,16,32
DRAM area control register DCR R/W  H'0000 H'5FFFFA8 8,16,32
Parity control register PCR R/W  H'0000 H'SFFFFAA 8,16,32
Refresh control register RCR R/W  H'0000 H'5FFFFAC  8,16,32*2
Refresh timer control/status register RTCSR R/W H'0000 H'SFFFFAE 8,16,32*2
Refresh timer counter RTCNT R/W H'0000 H'5FFFFBO  8,16,32*2
Refresh time constant register RTCOR R/W H'OOFF H'5FFFFB2  8,16,32*2

Notes: 1. Only the values of bits A27-A24 and A8-AOQ are valid; bits A23—-A9 are ignored. For
details on the register addresses, see section 8.3.5, Description of Areas.

2. Write only with word transfer instructions. See section 8.2.11, Register Access, for
details on writing.

8.1.5 Overview of Areas

The SH microprocessors have 32-bit address spaces on the architecture, but the top 4 bits are
ignored. Table 8.3 outlines the division of space. As shown, the space is divided into areas 0-7 by
the value of the top addresses.

Each area is allocated a specific type of space. When the area is accessed, a strobe signal that
matches the type of area space is generated. This allocates peripheral LSIs and memory devices
according to the type of the area spaces and allows them to be directly linked to this LSI. Some
areas are of a fixed type based on their address while others can be selected in registers.

Area 0 can be used as an on-chip ROM space or external memory space on the SH7034. On the
SH7032, it can only be used as external memory space. Area 1 can be used as DRAM space or
external memory space. DRAM space enables direct connection to DRAM and outputs RAS, CAS
and multiplexed addresses. Areas 2-4 can only be used as external memory space. Area 5 can be
used as on-chip peripheral module space or external memory space. Area 6 can be used as
address/data multiplexed I/O space or external memory space. For address/data multiplexed 1/0
space, an address and data are multiplexed and input/output from AD15-ADO pins. Area 7 can be
used as on-chip RAM space or external memory space.

The bus width of the data bus is basically switched between 8 bit and 16 bit by the value of
address bit A27. For the following areas, however, the bus width is determined by conditions other
than the A27 bit value.
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¢ On-chip ROM space in area 0: Always 32 bits

« External memory space in area 0: 8 bits when MDO pin is 0, 16 bits when the pin is 1

* On-chip peripheral module space in area 5: 8 bits when the A8 address bit is 0, 16 bits when it
is 1

* Area 6: If A27 =0, area 6 is 8 bits when the A14 address bit is 0, 16 bits when A14 is 1

¢ On-chip RAM space in area 7: Always 32 bits

See table 8.6 in section 8.3, Address Space Subdivision, for more information on how the space is
divided.

8.2  Register Descriptions
8.2.1 Bus Control Register (BCR)
The bus control register (BCR) is a 16-bit read/write register that selects the functions of areas and

status of bus cycles. It is initialized to H'0000 by a power-on reset, but is not initialized by a
manual reset or by the standby mode.

Bit: 15 14 13 12 11 10 9 8-
Bitname: [ DRAME| 10OE |wARP |[RODTY| BAS | — | — | — |
Initial value: 0 0 0 0 0 0 0 0

RW:  RW R/W RW RW RW — — —

Bit: 7 6 5 4 3 2 1 0

Bit name: I — ] — [ — J — [ — I — | _ l _ ]
Initial value: 0 0 0 0 0 0 0 0
R/W: —_ —_ — — —_ — — —_

¢ Bit 15 (DRAM enable bit (DRAME)): DRAME selects whether area 1 is used as an external
memory space or DRAM space. 0 sets it for external memory space and 1 sets it for DRAM
space. The setting of the DRAM area control register is valid only when this bit is set to 1.

Bit 15: DRAME Description
0 Area 1 is external memory space (initial value)
1 Area 1 is a DRAM space
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* Bit 14 (multiplexed 1/O enable bit (IOE)): IOE selects whether area 6 is used as external
memory space or an address/data multiplexed 1/0 area. 0 sets it for external memory space and
1 sets it for address/data multiplexed I/O space. With address/data multiplexed I/O space,
address and data are multiplexed and input/output is from AD15-ADO.

Bit 14: IOE Description
0 Area 6 is external memory space (initial value)
1 Area 6 is an address/data multiplexed 1/O area

* Bit 13 (warp mode bit (WARP)): WARP selects warp or normal mode. O sets it for normal
mode and 1 sets it for warp mode. In warp mode, some external accesses are carried out in
parallel with internal access.

Bit 13: WARP Description

0 Normal mode: External and internal accesses are not simultaneously
performed (initial value)

1 Warp mode: External and internal accesses are simultaneously
performed

* Bit 12 (RD duty (RDDTY)): RDDTY selects 35% or 50% of the T1 state as the high-level duty
cycle ratio of signal RD. 0 sets it for 50%, 1 sets it for 35%. Only set to 1 when the operating
frequency is a minimum of 10 MHz.

Bit 12: RDDTY Description
0 RD signal high-level duty cycle is 50% of T1 state (initial value)
1 RD signal high-level duty cycle is 35% of T1 state

* Bit 11 (byte access select (BAS)): BAS selects whether byte access control signals are WRH,
WRL, and A0, or LBS, WR and HBS during word space accesses. When this bit is cleared to 0,
WRH, WRL, and A0 signals are valid; when set to 1, LBS, WR, and HBS, signals are valid.

Bit 11: BAS Description
0 WRH, WRL, and A0 enabled (initial value)
1 LBS, WR, and HBS enabled

¢ Bits 10-0 (reserved): These bits always read as 0. The write value should always be 0.
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8.2.2  Wait State Control Register 1 (WCR1)

Wait state control register 1 is a 16-bit read/write register that controls the number of states for
accessing each area and the whether wait states are used. WCR1 is initialized to H'FFFF by a
power-on reset. It is not initialized by a manual reset or by the standby mode.

Bitt 15 14 13 12 11 10 9 8
Bitname:| RW7 | RWe | RWs | RW4 | RW3 | RW2 | RW1 | RWO |
Initial value: 1 1 1 1 1 1 1 1

RW: RW R/W RW RW RW RW R/W R/W

Bit: 7 6 5 4 3 2 1 0

Bit name:l — T — l — ’ —_ 1 —_ l —_— l WW1 I — |
Initial value: 1 1 1 1 1 1 1 1
R/W: - — — — —_ — R/W —

* Bits 15-8 (wait state control during read (RW7-RW0)): RW7-RWO determine the number of
* states in read cycles for each area and whether or not to sample the signal input from the WAIT
pin. Bits RW7-RWO correspond to areas 7-0, respectively. If a bit is cleared to 0, the WAIT
signal is not sampled during the read cycle for the corresponding area. If it is set to 1, sampling
takes place.

For the external memory spaces of areas 1, 3-5, and 7, read cycles are completed in one state
when the corresponding bits are cleared to 0. When they are set to 1, the number of wait states is
2 plus the WAIT signal value. For the external memory space of areas 0, 2, and 6, read cycles
are completed in one state plus the number of long wait states (set in wait state controller 3
(WCR3)) when the corresponding bits are cleared to 0. When they are set to 1, the number of
wait states is 1 plus the long wait state; when the WAIT signal is at low level as well, a wait
state is inserted.

The DRAM space (area 1) finishes the column address output cycle in one state (short pitch)
when the RW1 bit is 0, and in 2 states plus the WAIT signal value (long pitch) when RW1 is 1.
When RW1 is set to 1, the number of wait states selected in wait state insertion bits 1 and 0
(RLWO0 and RLW1) for CAS-before-RAS (CBR) refresh of the refresh control register (RCR)
are inserted during the CBR refresh cycle, regardless of the status of the WAIT signal. *
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The read cycle of the address/data multiplexed I/O space (area 6) is 4 states plus the wait states
from the WAIT signal, regardless of the setting of the RW6 bit. The read cycle of the on-chip
peripheral module space (area 5) finishes in 3 states, regardless of the setting of the RWS bit,
and the WAIT signal is not sampled. The read cycles of on-chip ROM (area 0) and on-chip
RAM (area 7) finish in 1 state, regardless of the settings of bits RW0 and RW7. The WAIT
signal is not sampled for either.

Table 8.3 summarizes read cycle state information.

Table 8.3 Read Cycle State Description

Read Cycle States
External Memory Space Internal space
WAIT Pin Multi-  On-chip On-chip
Bits 15-8: Input External Memory Plexed Peripheral ROM and
RW7-RW0 Signal Space DRAM Space VO Module RAM
0 Not *Areas 1,3-5,7:1  Column add- - 4 states 3 states, 1 state,
sampled state, fixed ress cycle: 1 +wait  fixed fixed
during Areas 0. 2. 6: 1 state State. fixed states
read W (short pitch) from
long wait state
cycle*! +iong w ' WAIT
1 Sampled Areas 1,3-5,7:2 Column address
‘ during states + wait states  cycle: 2 states +
read cycle from WAIT wait state from

(intial  Areas 0, 2, 6: 1state WAIT (long

. *2
value) | iong wait state +  Pitch)
wait state from WAIT

Notes: 1. Sampled in the address/data multiplexed I/O space

2. During a CBR refresh, the WAIT signal is ignored and the wait state from the RLW1 and
RLWO bits of RCR is inserted.

* Bits 7-2 (reserved): These bits always read as 1. The write value should always be 1.
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¢ Bit 1 (wait state control during write (WW1)): WW1 determines the number of states in write
cycles for the DRAM space (area 1) and whether or not to sample the WAIT signal. When the
DRAM enable bit (DRAME) of the BCR is set to 1 and area 1 is being used as DRAM space,
clearing WW1 to 0 makes the column address output cycle finish in 1 states (short pitch). When
WW1 is set to 1, it finishes in 2 states plus the wait states from the WAIT signal (long pitch).

Note: Write 0 to WW1 only when area 1 is used as DRAM space (DRAME bit of BCR is 1).
Never write 0 to WW1 when area 1 is used as external memory space (DRAME is 0).

Area 1's External Memory Space

Bit 1: WW1 DRAM Space (DRAME = 1) (DRAME = 0)
0 Column address cycle: 1 state (short pitch) Setting inhibited
1 Column address cycle: 2 states + wait state 2 states + wait state from WAIT

from WAIT (long pitch) (initial value)

* Bit 0 (reserved): This bit always reads 1. The write value should always be 1.
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8.2.3  Wait State Control Register 2 (WCR2)

Wait state control register 2 is a 16-bit read/write register that controls the number of states for
accessing each area with a DMA single address mode transfer and whether wait states are used.
WCR2 is initialized to H'FFFF by a power-on reset. It is not initialized by a manual reset or by the
standby mode.

Bt 15 14 13 12 11 10 9 8
Bitname: | DRW7 | DRW6 | DRW5 | DRW4 | bRW3 | DRW2 | DRW1 | DRWO |
Initial value: 1 1 1 1 1 1 1 1

RW:  RW R/W R/W R/W R/W R/W RW RW

Bt 7 6 5 4 3 2 1 0
Bit name: | DWW7 | DWW6 | DWW5 | DWW4 | DWW3 | DWW2 | DWW1 | DWWO |
Initial value: 1 1 1 1 1 1 1 1

RW: RW RW R/W R/W RW R/W RW RW

- = Bits 15-8 (wait state control during single-mode DMA transfer (DRW7-DRW0)): DRW7-
DRWO determine the number of states in single-mode DMA memory read cycles for each area
and whether or not to sample the WAIT signal. Bits DRW7-DRWO correspond to areas 7-0,
respectively. If a bit is cleared to 0, the WAIT signal is not sampled during the single-mode
DMA memory read cycle for the corresponding area. If it is set to 1, sampling takes place.

For the external memory spaces of areas 1, 3-5, and 7, single-mode DMA memory read cycles
are completed in one state when the corresponding bits are cleared to 0. When they are set to 1,
the number of wait states is 2 plus the wait states from the WAIT signal. For the external
memory space of areas 0, 2, and 6, single-mode DMA memory read cycles are completed in one
state plus the long wait state number (set in wait state controller 3 (WCR3)) when the
corresponding bits are cleared to 0. When they are set to 1, the number of wait states is 1 plus
the long wait state; when the WAIT signal is at low level as well, a wait state is inserted.

The DRAM space (area 1) finishes the column address output cycle in one state (short pitch)
when the DRW1 bit is 0, and in 2 states plus the wait states from the WAIT signal (long pitch)
when DRW1 is 1. The single-mode DMA memory read cycle of the address/data multiplexed
1/0 space (area 6) is 4 states plus the wait states from the WAIT signal, regardless of the setting
of the DRW6 bit.

Table 8.4 summarizes single-mode DMA memory read cycle state information.
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Table 8.4  Single-Mode DMA Memory Read Cycle States (External Memory Space)

Description
Single-Mode DMA Memory Read Cycle States
(External Memory Space)
Bits 15-8: WAIT Pin Input Multiplexed
DRW7-DRW0 Signal External Memory Space DRAM Space /O
0] Not sampled during Areas 1, 3-5,7: 1 state, Column address 4 states +
single-mode DMA fixed cycle: 1 state,  wait states
memory read cycle® aroac0 2 6: 1 state +  [1xed (short from WAIT
long wait state pitch)
1 Sampled during Areas 1, 3-5, 7: 2 states Column address

single-mode DMA + wait states from WAIT  cycle: 2 states +

memory read cycle  Arqaq 0,2, 6: 1 state + wait state from

(initial value) long wait state + Wait WAIT (long
state from WAIT pitch)

Note: Sampled in the address/data multiplexed I/O space.

¢ Bits 7-0 (single-mode DMA memory write wait state control (DWW7-DWW0)): DWW7-
DWWO determine the number of states in single-mode DMA memory write cycles for each area
and whether or not to sample the WAIT signal. Bits DWW7-DWWO correspond to areas 7-0,
respectively. If a bit is cleared to 0, the WAIT signal is not sampled during the single-mode
DMA memory write cycle for the corresponding area. If it is set to 1, sampling takes place.

The number of states for areas accesses based on bit settings are the same as indicated for
single-mode DMA memory read cycles. See bits 15-8, wait state control during single-mode
DMA memory transfer (DRW7-DRWO0), for details.
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Table 8.5 summarizes single-mode DMA memory write cycle state information.

Table 8.5  Single-Mode DMA Memory Write Cycle States (External Memory Space)

Description
Single-mode DMA Memory Write Cycle States
(External Memory Space)
Bits 15-8: WAIT Pin Input External Memory Muitiplexed
DWW7-DWWO Signal Space DRAM Space /O
0 Not sampled during Areas 1, 3-5,7: 1 state,  Column address 4 states +
single-mode DMA fixed cycle: 1 state,  wait state
memory write cycle® aAreac0 2 6: 1state +  f1xed (short from WAIT
long wait state pitch)
1 Sampled during Areas 1, 3-5, 7: 2 states Column address

single-mode DMA + wait state from WAIT  cycle: 2 states +
memory write cycle wait state from
(initial value) WAIT (long pitch)

Areas 0, 2, 6: 1 state +
long wait state + wait
state from WAIT

Note: Sampled in the address/data multiplexed 1/O space.

8.2.4  Wait State Control Register 3 (WCR3)

Wait state control register 3 is a 16-bit read/write register that controls WAIT pin pull-up and the
insertion of long wait states. WCR3 is initialized to H'F800 by a power-on reset. It is not
initialized by a manual reset or by the standby mode.

Bt 15 14 13 12 11 10 9 8
Bit name: | WPU | A02LW1 |ac2Lwo| AsLW1 | ABLWO | — | — | -
Initial value: 1 1 1 1 1 0 0 0

RW:  RW RW RW RW RW — — —

Bit: 7 6 5 4 3 2 1 0
mane: [ = | = [ = [ =] = [ =] -] -
Initial value: 0] 0 0 0 0 0 0 0

R/W: — —_ — — — - — -
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* Bit 15 (wait pin pull-up control (WPU)): WPU controls whether the WAIT pin is pulled up or
not. When cleared to 0, the pin is not pulled up; when set to 1, it is pulled up.

Bit 15: WPU Description
0 WAIT pin is not pulled up -
1 WAIT pin is pulled up (initial value)

* Bits 14 and 13 (long wait insertion in areas 0 and 2, bits 1, 0 (A02LW1 and A02LWO0)):
A02LW1 and A02LWO select the long wait states to be inserted (14 states) when accessing
external memory space of areas 0 and 2.

Bit 14: AO2LW1 Bit 13: A0O2LWO0 Description

0 0 Inserts 1 state
1 Inserts 2 states
1 0 Inserts 3 states
1 Inserts 4 states (initial value)

* Bits 12 and 11 (long wait insertion in area 6, bits 1, 0 (A6LW1 and A6LW0)): AGLW1 and
A6LWO select the long wait states to be inserted (1-4 states) when accessing external memory
space of area 6.

Bit 12: A6LW1 Bit 11: AGLWO Description

0 0 Inserts 1 state
1 Inserts 2 states
1 0 Inserts 3 states
1 Inserts 4 states (initial value)

* Bits 10-0 (reserved): These bits always read as 0. The write value should always be 0.

8.2.5 DRAM Area Control Register (DCR)

The DRAM area control register (DCR) is a 16-bit read/write register that selects the type of
DRAM control signal, the number of precharge cycles, the burst operation mode and the use of
address multiplexing. DCR settings are valid only when the DRAME bit of BCR is set to 1. It is
initialized to H'0000 by a power-on reset, but is not initialized by a manual reset or by the standby
mode.
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Bitt 15 14 13 12 11 10 9 8

Bitname: | CW2 | RAsD | TPC | BE | cDTY | MXE | MXC1 [ MXCo |
Initial value: 0 0 0 0 0 0 0 0
RW.: RW RW RW RW RW RW RW RW

Bit: 7 6 5 4 3 2 1 0

Bit name: I — I — [ — l — | — ] — ] _ [ _ ]
Initial value: 0 0 0 0 0 0 0 0
R/W: — —_ — — - - - -

* Bit 15 (dual-CAS or dual-WE select bit (CW2)): When accessing a 16-bit bus width space,
CW2 selects the dual-CAS or the dual-WE method. When cleared to 0, the CASH, CASL, and
WRL signals are valid ; when set to 1, the CASL, WRH, and WRL signals are valid. When
accessing an 8-bit space, only CASL and WRL signals are valid, regardless of CW2 settings.

Bit 15L: CW2 Description
0 Dual-CAS: CASH, CASL, and WRL signals are valid (initial value)
1 Dual-WE: CASL, WRH, and WRL signals are valid

* Bit 14 (RAS down (RASD)): When DRAM access pauses, RASD determines whether to keep
RAS low while waiting for the next DRAM access (RAS down mode) or return it to high (RAS
up mode). When cleared to 0, the RAS signal returns to high; when set to 1, it stays at low.

Bit 14: RASD Description

0 RAS up mode: Return RAS signal to high and wait for the next DRAM
access (initial value)

1 RAS down mode: Keep RAS signal low and wait for the next DRAM
access

* Bit 13 (RAS precharge cycle count (TPC)): TPC selects whether the RAS signal precharge
cycle (Tp) will be 1 state or 2. When TPC is cleared to 0, a 1-state precharge cycle is inserted;
when 1 is set, a 2-state precharge cycle is inserted.

Bit 13: TPC Description
0 Inserts 1-state precharge cycle (initial value)
1 Inserts 2-state precharge cycle
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* Bit 12 (burst operation enable (BE)): BE selects whether or not to perform burst operation, a
high speed page mode. When burst operation is not selected (0), the row address is not
compared but instead is transferred to the DRAM every time and full access is performed. When
burst operation is selected (1), row addresses are compared and burst operation with the same
row address as the previous is performed (in this access, no row address is output and the
column address and CAS signal alone are output).

Bit 12: BE Description
0 Normal mode: full access (initial value)
1 Burst operation: high-speed page mode

e Bit 11 (CAS duty (CDTY)): CDTY selects 35% or 50% of the T state as the high-level duty
ratio of the signal CAS in the short-pitch access. When cleared to 0, the CAS signal high level
duty is 50%; when set to 1, it is 35%. Only set to 1 when the operating frequency is a minimum
of 10 MHz.

Bit 11: CDTY Description
0 CAS signal high level duty cycle is 50% of the T state (initial value)
1 CAS signal high level duty cycle is 35% of the T state

+ Bit 10 (multiplex enable bit (MXE)): MXE determines whether or not DRAM row and column
addresses are multiplexed. When cleared to 0, addresses are not multiplexed; when set to 1, they
are multiplexed.

Bit 10: MXE Description
0 Multiplex of row and column addresses disabled (initial value)
1 Multiplex of row and column addresses enabled
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e Bits 9 and 8 (multiplex shift count 1 and 0 (MXC1 and MXCO0)): Shift row addresses downward
by a certain number of bits (8—10) when row and column addresses are multiplexed (MXE = 1).
Regardless of the MXE bit setting, these bits also select the range of row addresses compared in
burst operation.

Bit9: Bit8: Row Address Shift Row Address Bits Compared (in burst operation)
MXC1 MXCO (MXE = 1) (MXE=0o0r1)
0 0 8 bits (initial value)  A8-A27 (initial value)
1 9 bits A9-A27
1 0 10 bits A10-A27
1 Reserved Reserved

Bits 7-0 (reserved): These bits always read as 0. The write value should always be 0.

8.2.6  Refresh Control Register (RCR)

The refresh control register (RCR) is a 16-bit read/write register that controls the start of
refreshing and selects the refresh mode and the number of wait states during refresh. It is
initialized to H'0000 by a power-on reset, but is not initialized by a manual reset or by the standby
mode.

To prevent RCR from being written incoirectly, it must be written by a different method from
most other registers. A word transfer operation is used, H'SA is written in the top byte, and the
actual data is written in the lower byte. For details, see section 8.2.11, Notes on Register Access.

Bit: 15 14 13 12 11 10 9 8
surame = [ — [~ [~ [~ [ -] -]~
Initial value: 0 0 0 0 0 0 0 0

R/W: — — —_ —_ — - - -

Bit: 7 6 5 4 3 2 1 0
Bit name: | RFSHE | RMODE | RLW!1 ] RLWO [ — r — 1 - | -
Initial value: 0 0 0 0 0 0 0 0

RW: R/W RW . RW RW — - — —

* Bit 15-8 (reserved): These bits always read as 0.
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* Bit 7 (refresh control (RFSHE)): RFSHE determines whether or not to perform DRAM refresh
operations. When this bit is cleared to 0, no DRAM refresh control is performed and the refresh
timer counter (RTCNT) can be used as an 8-bit interval timer. When set to 1, DRAM refresh
control is performed.

Bit 7: RFSHE Description

0 Refresh control disabled. RTCNT can be used as an 8-bit interval timer.
(initial value)

1 Refresh control enabled

¢ Bit 6 (refresh mode (RMODE)): When DRAM refresh control is selected (RFSHE = 1),
RMODE selects whether to perform CAS-before-RAS (CBR) refresh or self-refresh. When this
bit is cleared to 0, a CBR refresh is performed at the cycle set in the refresh timer control/status
register (RTCSR) and refresh time constant register (RTCOR). When set to 1, it the DRAM
does a self-refresh. When refresh control is not selected (RFSHE = 0), the RMODE bit setting is
not valid. When canceling self-refresh, set RMODE to 0 with RFSHE set to 1.

Bit 6: RMODE Description
0 CAS-before-RAS refresh (initial value)
1 Self-refresh

Bits 5 and 4—Insert wait states during CBR refresh bits 1 and 0 (RLW1, RLWO0): These bits select
the number of wait states to be inserted (1-4) during CAS-before-RAS refresh. When CBR refresh
is performed and the RW1 bit of WCR1 is set to 1, the number of wait states selected in the RLW1
and RLWO is inserted regardless of the WAIT signal. When the RW1 bit is cleared to 0, the
RLW1 and RLWO bit settings are ignored and no wait states are inserted.

Bit 5: RLW1 Bit 4: RLWO0 Description

0 0 Inserts 1 state (initial value)
1 Inserts 2 states

1 0 Insents 3 states
1 Inserts 4 states

Bits 3-0 (reserved): These bits always read as 0. The write value should always be 0.
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8.2.7 Refresh Timer Control/Status Register (RTCSR)

The refresh timer control/status register (RTCSR) is a 16-bit read/write register that selects the
clock input to refresh timer counter (RTCNT) and controls compare match interrupts (CMI). It is
initialized to H'0000 by a power-on reset, but is not initialized by a manual reset or by the standby
mode.

To prevent RTCSR from being written incorrectly, it must be written by a different method from
most other registers. A word transfer operation is used, H'AS is written in the top byte and the
actual data is written in the lower byte. For details, see section 8.2.11, Notes on Register Access.

Bit: 15 14 13 12 11 10 9 8
swrame [~ [ — ] — [ = [~ [ -1 -]
Initial value: 0 0 0 0 0 0 0 0

RW: — — — — — — — —

Bit: 7 6 5 4 3 2 1 0
Bitname: | CMF | CMIE | Cks2 | cks1 | ckso | — | — | — |
Initial value: 0 0 0 0 0 0 0 0

RW: RW RW R/W R/W R/W — — —_

* Bits 15-8 (reserved): These bits always read as 0.

* Bit 7 (compare match flag (CMF)): Indicates whether the values of RTCNT and the refresh time
constant register (RTCOR) match. When 0, the value of RTCNT and RTCOR do not match,;
when 1, the value of RTCNT and RTCOR match.

Bit 7: CMF Description
0 RTCNT does not equal the value of RTCOR (initial value)

Cleared by reading CMF after it has been set to 1, then writing 0 in CMF
1 Value RTCNT is equal to the value of RTCOR

* Bit 6 (compare match interrupt enable (CMIE)): Enables or disables the compare match
interrupt (CMI) generated when CMF is set to 1 in RTCSR (RTCNT value = RTCOR value).
When cleared to 0, CMI interrupt is disabled; when set to 1, it is enabled.

Bit 6: CMIE Description
0 Compare match interrupt request (CMI) is disabled (initial value)
1 Compare match interrupt request (CMI) is enabled
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¢ Bits 5-3 (clock select bits 2-0 (CKS2—CKS0)): These bits select the clock input to RTCNT
from among the seven types of clocks created by dividing the system clock (¢). When the input
clock is selected with the CKS2—-CKSO0 bits, RTCNT starts to increment.

Bit 5: CKS2 Bit 4: CKS1 Bit 3: CKS0 Description

0 0 0 Clock input disabled (initial value)
1 /2
1 0 /8
1 /32
1 0 0 ¢/128
1 0/512
1 0 $/2048
1 $/4096

* Bits 2-0 (reserved): These bits always read as 0. The write value should always be 0.

8.28 Refresh Timer Counter (RTCNT)

The refresh timer counter (RTCNT) is a 16-bit read/write register that is used as an 8-bit upcounter
that generates the refresh or interrupt request. When the input clock is selected by clock select bits
2-0 (CKS2-CKS0) in RTCSR, that clock makes the RTCNT start incrementing. When the values
of RTCNT and the refresh time constant register (RTCOR) match, RTCNT is cleared to H'0000
and the CMF flag of the RTCSR is set to 1. When the RFSHE bit of the RCR is also setto 1, a
CAS-before-RAS refresh is performed. When the CMIE bit of the RTCSR is also set to 1, a
compare match interrupt (CMI) is generated.

Bits 15-8 are reserved bits and do not count. These bits always read as 0.

RTCNT is initialized to H'0000 by a power-on reset, but is not initialized by a manual reset or by
the standby mode.

To prevent RTCSR from being written incorrectly, it must be written by a different method from
most other registers. A word transfer operation is used, H'69 is written in the top byte and the
actual data is written in the lower byte. For details, see section 8.2.11, Notes on Register Access.
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Bit: 15 14 13 12 11 10 9 8

owvames [ = | — | = | = | — [ = [ =] —]
Initial value: 0 0 0 0 0 0 0 0
R/W: —_ — — — — — — —
Bit: 7 6 5 4 3 2 1 0
Bitname: [ | | | | | I L
Initial value: 0 0 0 0 0 0 0 0

RW: RW RW RW R/W RW R/W RW RW

8.2.9 Refresh Time Constant Register (RTCOR)

The refresh time constant register (RTCOR) is a 16-bit read/write register that sets the compare
match cycle used with RTCNT. The values in RTCOR and RTCNT are constantly compared.
When they match, the compare-match flag (CMF) is set in RTCNT and RTCSR is cleared to
H'0000. If the bit RFSHE in RCR is set to 1 when this happens, a CAS before RAS (CBR) refresh
is performed. When the CMIE bit of the RTCSR is also set to 1, a compare match interrupt (CMI)
is generated. '

Bits 15-8 are réserved bits and cannot be used to set the cycle. These bits always read as 0.

RTCOR is initialized to H'00FF by a power-on reset, but is not initialized by a manual reset or by
the standby mode.

To prevent RTCOR from being written incorrectly, it must be written by a different method from
most other registers. A word transfer operation is used, H'96 is written in the top byte and the
actual data is written in the lower byte. For details, see section 8.2.11, Notes on Register Access.

Bit: 15 14 13 12 11 10 9 8
owvame: — | — | — | — [ = [ = ] =] —]
Initial value: 0 0 0 0 0 0 0 0

R/W: — — — — —_ —_ —_ —

Bit: 7 6 5 4 3 2 1 0
Bitname: [ | L] | | I |
Initial value: 1 1 1 1 1 1 1 1

RW: RW RW R/W RW R/W R/W RW R/W
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8.2.10 Parity Control Register (PCR)

The parity control register (PCR) is a 16-bit read/write register that selects the parity polarity and
space to be parity checked. PCR is initialized to H'0000 by a power-on reset, but is not initialized
by a manual reset or by the standby mode.

Bit: 15 14 13 12 11 10 9 8
Bitname: | PEF | PFRC | PEO |PCHKI [PCHKO| — | — [ — |
Initial value: 0 0 0 0 0 0 0 0

RW: RW RW RW RW R/W — — —

Bit: 7 6 5 4 3 2 1 0
tname: [ — [ — [ — [ — ] — ] =] = [ —]
Initial value: 0 0 0 0 0 0 0 0

R/W: —_ — — —_ —_ — —_ —_

* Bit 15 (parity error flag (PEF)): When a parity check is done, PEF indicates whether a parity
error has occurred. 0 indicates that no parity error has occurred; 1 indicates that a parity error
has occurred.

Bit 15: PEF Description
0 No parity error (initial value).
Cleared by reading PEF after it has been set to 1, then writing 0 in PEF.

1 Parity error has occurred.

* Bit 14 (parity output force (PFRC)): PFRC selects whether to produce a forced parity output for
testing the parity error check function. When cleared to 0, there is no forced output; when set to
1, it produces a forced output of high level from the DPH and DPL pins when data is output,
regardless of the parity.

Bit 14: PFRC Description
0 Parity output not forced (initial value)
1 High output forced
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» Bit 13 (parity polarity (PEO)): PEO selects even or odd parity. When cleared to 0, parity is
even, when set to 1, parity is odd.

Bit 13: PEO Description
0 Even parity (initial value)
1 Odd parity

* Bits 12 and 11 (parity check enable bits 1, 0 (PCHK1 and PCHKO)): These bits determine
whether or not a parity is checked and generated, and select the check and generation spaces.

Bit 12: PCHK1 Bit 11: PCHKO Description

0 ’ 0 Parity not checked and not generated (initial value)
1 Parity checked and generated only in DRAM area

1 0] Parity checked and generated in DRAM area and area 2
1 Reserved

* Bits 10-0 (reserved): These bits always read as 0. The write value should always be 0.

8.2.11 Notes on Register Access

RCR, RTCSR, RTCNT, and RTCOR differ from other registers in being more difficult to write.
Data requires a password when it is written. This prevents data from being mistakenly overwritten
by program overruns and the like.
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Writing to RCR, RTCSR, RTCNT, and RTCOR: Use only word transfer instructions. You
cannot write with byte transfer instructions. As figure 8.2 shows, when writing to RCR, place
H'5A in the upper byte and the write data in the lower byte. When writing to RTCSR, place H'AS
in the upper byte and the write data in the lower byte. When writing to RTCNT, place H'69 in the
upper byte and the write data in the lower byte. When writing to RTCOR, place H'96 in the upper
byte and the write data in the lower byte. These transfers write data in the lower byte to the
respective registers. If the upper byte differs from the above passwords, no writing occurs.

RCR

RTCSR

RTCNT

RTCOR

15 87 0
H'SA Write data

15 87 0
H'AS Write data

15 8 7 0
H'69 Write data

15 87 0
H'96 Write data

Figure 8.2 Writing to RCR, RTCSR, RTCNT, and RTCOR

Reading from RCR, RTCSR, RTCNT, and RTCORP: These registers are read like other
registers. They can be read by byte and word transfer instructions. If read by word transfer, the
value of the upper eight bits is H'00.
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8.3  Address Space Subdivision

8.3.1 Address Spaces and Areas
Figure 8.3 shows the address format used in this LSI.

4 Gbyte space
| 128 Mbyte space
:4 . 16 Mbyte space

! e 4 Mbyte space ——————»!
| |

Y

XY VY

A31-A28 |A27| A26-A24 |[A23,A22] A21 A0

L

Output address:
Output from address pins
A21-A0

—— Ignore: Only valid when the address multiplex
function is being used in the DRAM space (area 1);
not output in other cases. When not output,
becomes shadow.

— Area selection:
Decoded to become chip select signals CS0-CS?7 for areas 0-7

—— Basic bus width selection:

Not output externally, but used for basic bus width selection
When 0, (H'0000000-H'7FFFFFF), the basic bus width is 8 bits.
When 1, (H'8000000-H'FFFFFFF) the basic bus width is 16 bits.

—— Ignore: Always ignore, not output externally

Figure 8.3 Address Format

Since this LSI uses a 32-bit address, 4 Gbytes of space can be accessed on the architecture;
however, the upper 4 bits (A31-A28) are always ignored and not output. Bit A27 is basically only
used for switching the bus width. When the A27 bit is 0 (H'0000000-H'7FFFFFF), the bus width
is 8 bits; when the A27 bit is 1 (H'8000000-H'FFFFFFF), the bus width is 16 bits. Of the
remaining 27 bits (A26-A0), a total 128 Mbyte can thus be accessed.

The 128 Mbyte space is subdivided into 8 areas (areas 0~7) of 16 Mbytes each according to the
values of bits A26—-A24. The space with bits A26-A24 as 000 is area 0 and the space 111 is area 7.
The A26-A24 bits are decoded and become the chip select signals (CS0-CS7) of the
corresponding areas 0—7 and output. Table 8.6 shows how the space is divided.
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Table 8.6 How Space is Divided

Capacity Bus

Area Address Assign-able Memory (linear space) Width CS Output

0 H'0000000 — H'OFFFFFF  On-chip ROM*! 64 kB 32 —
External memory*2 4 MB 8/16*3 CS0

1 H'1000000 - H'1FFFFFF External memory 4 MB 8 Cs1
DRAM*4 16 MB 8 RAS CAS

2 H'2000000 - H'2FFFFFF External memory 4 MB 8 Cs2

3 H'3000000 — H'3FFFFFF External memory 4 MB 8 CS3

4 H'4000000 — H'4FFFFFF External memory 4 MB 8 Cs4

5 H'5000000 - H'5SFFFFFF  On-chip peripheral module 512 B 8/16*5 —

6 H'6000000 — H'6FFFFFF External memory*” 4 MB 8/16*® CS6
Multiplexed 1/0 4 MB

H'7000000 — H'7FFFFFF External memory 4 MB 8 Ccs7
H'8000000 — H'8FFFFFF  On-chip ROM*! 64 kB 32 —_

External memory*? 4 MB 8/16*3 CSO

1 H'9000000 — H'9FFFFFF External memory 4 MB 16 CS1
DRAM*4 16 MB 16 RAS CAS

2 H'A000000 ~ H'AFFFFFF External memory 4 MB 16 Cs2

3 H'BO00000 — H'BFFFFFF External memory 4 MB 16 Ccs3

4 H'C000000 — H'CFFFFFF External memory 4 MB 16 Cs4

5 H'D000000 - H'DFFFFFF External memory 4 MB 16 CS5

6 H'EO00000 — H'EFFFFFF External memory 4 MB 16 CSé

7 H'FO00000 — H'FFFFFFF On-chip RAM 8kB*8, 4kB*® 32 —

Notes: 1. When MD2-MDO pins are 010 (SH7034)
2. When MD2-MDO pins are 000 or 001

Select with MDO pin

Select with DRAME bit in BCR

o s w

Divided into 8-bit and 16-bit space according to value of address bit A8 (Long word

accesses are inhibited, however, in on-chip peripheral modules with bus widths of 8
bits. Some on-chip peripheral modules with bus widths of 16 bits also have registers
that are only byte-accessible and registers for which byte access is inhibited. For

details, see the sections on the individual modules.)

Select with IOE bit of BCR
For SH7032
For SH7034

© ® N o

Divided into 8-bit space and 16-bit space by value of address bit A14
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As figure 8.4 shows, specific spaces such as DRAM space and address/data multiplexed I/O space
are allocated to the 8 areas. Each of the spaces is equipped with the necessary interfaces. The
control signals needed by DRAM and peripheral LSIs will be output by the chip to devices
connected to an area allocated to the appropriate type of space.

8.3.2 Bus Width

The primary bus width selection on for this chip is made by switching between 8-bit and 16 bit
using the A27 bit. When A27 is 0, the bus width is 8 bits and data is input/output through the
AD7-ADO pins; when A27 is 1, the size is 16 bits and data is input/output through the AD15-
ADO pins for word accesses. For byte access, the top byte is input/output through AD15-AD8 and
the lower byte through AD7-ADO. When the bus width is 8 bits or byte access is being performed
with a 16-bit bus width, the status of the eight AD pins that are not inputting/outputting data is as
shown in appendix B, Pin States.

Bus widths are also determined by conditions other than the A27 bit for specific areas:

* Area 0 is an 8-bit external memory space when the MD2-MDO pins are 000, a 16-bit external
memory space when the same bits are 001, and a 32-bit on-chip ROM space when they are 010
(the on-chip ROM is available only on the SH7034).

* Area is an 8-bit on-chip peripheral module space when the A27 bit and A8