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Introduction 

The SH7032 and SH7034 are part of a new generation of reduced instruction-set computer-type 
(RISe) 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 AID converter, an interrupt controller (INTC), and 110 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 

"SH700017600 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 NMI interrupts, user break interrupts, IRQ interrupts, 
Controller on-chip module interrupts 

6. User Break 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. ND Converter ND Single mode, scan mode, activation by external trigger 



Table 1 Manual Organization (cont) 

Abbrev-
Category Section Title atian Contents 

Pins 15. Pin Function PFC Pin function selection 
Controller 

16. Parallel I/O I/O I/O 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 



11. Introductionl 

3. Operating modes 

14. Exception processing 

15. Interrupt controller (INTC) 

Is. User break controller (UBC) 1 

----------
I Timers I - ______ 1 

10. 1S-bit integrated-timer 
pulse unit (ITU) 

11. Programmable timing 
pattern controller (TPC) 

112. Watchdog timer (WDT) 1 

13. Serial communication 
interface (SCI) 

114. AID converter I 
15. Pin function 

controller (PFC) 

11s. Parallel I/O ports I 

119. Power-down states 

1 20. Electrical characteristics I 

Manual Organization Scheme 



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'5000000-H'5FFFFFF), 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'5FFFEOO-H'5FFFFFF. Only the values of the A27-A24 and A8-AO bits 
are valid; the A23-A9 bits are ignored. When H'5000000-H'5000 IFF is accessed, for example, 
the result will be the same as when H'5FFFEOO-H'5FFFFFF is accessed. For more details, see 
Section 8.3.5, Area Description: Area 5. 
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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 
(RISe) 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 AID 
converter, an interrupt controller (lNTC), 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 S87032 and S87034 Microcomputers 

Feature Description 

CPU Original Hitachi architecture 

Operating modes 

2 HITACHI 

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

• 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: 

• On-chip ROM less 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: 

• Sleep mode 

• Software standby mode 



Table 1.1 Features of the 887032 and 887034 Microcomputers (cont) 

Feature 

Interrupt controller (lNTC) 

User break controller (USC) 

Description 

Nine external interrupt pins (NMI, IRQo-IRQ7) 

Thirty-one internal interrupt sources 

Sixteen programmable priority levels 

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): 

Sus state controller (SSC) 

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

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 I/O 

• 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 (CSO 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 8H7032 and 8H7034 Microcomputers (cont) 

Feature Description 

Direct memory access 
controller (DMAC) 
(4 channels) 

16-bit integrated-timer 
pulse unit (ITU) 

Timing pattern controller 
(TPC) 

Watchdog timer (WDT) 
(1 channel) 

Permits DMA transfer between the following modules: 

• External memory 

• External I/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 AID 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 

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 

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 

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) Can transmit and receive simultaneously (full duplex) 

On-Chip baud rate generator in each channel 

Multiprocessor communication function 

AID converter Ten bits x 8 channels 

Can be externally triggered 

Variable reference voltage 
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Table 1.1 Features of the S07032 and S07034 Microcomputers (cont) 

Feature Description 

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

Large on-chip memory 

• 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) 

• Port C: 8 input lines 

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 
Number ROM 

SH7034 PROM 

Masked 
ROM 

SH7032 None 

Operating 
Voltage 

5.0 V 

3.3 V 

5.0 V 

3.3 V 

5.0V 

Operating Model 
Frequency 

2-20 MHz HD6477034F20 

2-16.6 MHz HD6477034F16 

2-12.5 MHz HD6477034VF12* 

2-20 MHz HD6437034F20 

2-16.6 MHz HD6437034F16 

2-12.5 MHz HD6437034VF12* 

2-20 MHz HD6417032F20 

2-16.6 MHz HD6417032F16 

3.3 V 2-12.5 MHz HD6417032VF12* 

Note: Under development 

Package 

112-pin plastic QFP (FP-112) 
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1.2 Block Diagram 

RES-
WDTOVF­

MD2--

MD1-
MDO­
NMI-

CK_ ~o 
EXTAL _ 5.~ 

.>o:(\) 
XTAL _ gai 

Ved Vpp)*2 _ 

Vee -
Vee - .. 
Vee -
Vcc -
Vcc -
Vcc -
Vcc -
Vss -
Vss -
Vss -
Vss -
Vss -
Vss -­
Vss -
Vss -
Vss -
Vss-

UOl 

AVref -
AVec - 'r--r--r--r--r--r--r-....... 

AVss - r-.. co .;, 'f" C"l C\J .... 0 
zzzzzzzz 
~~~~~~~~ 
00000000 c..c..c..c..c..c..c..c.. 

~: Peripheral address bus (24 bits) 

~: Peripheral data bus (16 bits) 
~ : Intemal address bus (24 bits) 
~ : Intemal upper data bus (16 bits) 
~ : Intemallowerdata bus (16 bits) 

_A14 

-A13 
-A12 
_All 
_Al0 
_A9 

rtl 
_AS rtl 

~ 
-a -A7 -a 
< -A6 

_AS 
_A4 
_A3 
_A2 

-Al 
-AO(HBS) 

AD15 
AD14 
AD13 
AD12 
ADll 
AD10 
AD9 
ADS 
AD7 
AD6 
AD5 
AD4 
AD3 
AD2 
AD1 
ADO 

Notes: 1. The SH7032 has 8 kB of RAM and no PROM or Masked ROM. The SH7034 has 4 
kB of RAM and 64 kB of PROM or Masked ROM. 

2. Vee: SH7032, SH7034 ( Masked ROM version )Vpp: SH7034 ( PROM version) 

Figure 1.1 Block Diagram 
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1.3 Pin Descriptions 

1.3.1 Pin Arrangement 

PB 14fTP14/IA06 

PB15fTP15/1A07 

Vss 
ADO 
AD1 
AD2 
AD3 
AD4 
AD5 
AD6 
AD7 
Vss 
AD8 
AD9 
Vcc 

AD10 
AD11 
AD12 
AD13 
AD14 
AD15 

Vss 
AO(HBS) 

A1 
A2 
A3 
A4 
A5 

Top view 
(FP-112) 

84 
83 
82 
81 
80 

79J==;ic~=-= 
78 
77 
76 
75 
74 
73 
72 
71 
70 
69 
68 
67 PA1311R01/DREOOfTCLKB 

66 PA1211ROO/DACKOfTCLKA 

65 PA11/DPHrrrOCB1 
64 PA10/DPUfrOCA1 
63 PA9/AH/IROOUT/ADTRG 

62 PA8/BREQ 
61 Vss 
60 PA7/BACK 
59 PA6/RD 
58 PA5JWRH ~) 
57 PA4JWRL (WR) 

Note: Vcc: SH7032, SH7034 ( Masked ROM version )Vpp: SH7034 ( PROM version) 

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 PinNa. 110 Name and Function 

Power Vee 15,43,70, Power: Connected to the power supply. Connect all Vee 
75,77*,83, pins to the system power supply. The chip will not 
84,99 operate if any Vee pin is left unconnected. 

Vss 3, 12,22, Ground: Connected to ground. Connect all V ss pins to 
31,40,52, the system ground. The chip will not operate if any V ss 
61,72,96, pin is left unconnected. 
106 

Vpp 77* PROM programming power supply: Connected to the 
power supply (Vee) 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 0 System clock: Supplies the system clock (CK) to 
peripheral devices. 

System RES 79 Reset: Low input causes a power-on reset if NMI is high, 
control or a manual reset if NMI is low. 

WDTOVF 78 0 Watchdog timer overflow: Overflow output signal from the 
watchdog timer. 

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

BACK 60 0 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 Vee in the SH7032, SH7034 (Masked ROM version) and V pp in the SH7034 
(PROM version). 
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Table 1.3 Pin Functions (cont) 

Type Symbol Pin No. VO 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 MOO table lists the possible operating modes and their 

corresponding MD2-MDO values. 

Operating On-chip Bus Size in 
M02 M01 MOO Mode ROM Area 0 

0 0 0 MCU mode Disabled 8 bits 

0 0 16 bits 

0 0 Enabled 

0 1 (Reserved) 

0 0 

0 1 

1 0 

PROM mode 

Interrupts NMI 76 Nonmaskable interrupt: Nonmaskable interrupt request 
signal.· The rising or falling edge can be selected for 
signal detection. 

IRQQ- 66,67,68, Interrupt request Q-7: Maskable interrupt request signals. 
IRQ7 69, 111, Level input or edge-triggered input can be selected. 

112, 1,2 

IRaOUT 63 0 Slave interrupt request output: Indicates occurrence of an 
interrupt while the bus is released. 

Address A21-AO 47-44,42, 0 Address bus: Outputs addresses. 
bus 41,39-32, 

30-23 

Data bus AD15-ADO 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 1/0 Upper data bus parity: Parity data for D15-D8. 

DPL 64 1/0 Lower data bus parity: Parity data for 07-00. 

Bus WAIT 56 Wait: Requests the insertion of wait states (T w) into the 
control bus cycle when the external address space is accessed. 

RAS 54 0 Row address strobe: DRAM row-address strobe-timing 
signal. 

CASH 49 0 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. I/O Name and Function 

Bus control CASL 51 0 Column address strobe low: DRAM column-address 
(cont) strobe-timing signal outputs low level to access the lower 

eight data bits. 

RD 59 0 Read: Indicates reading of data from an external device. 

WRH 58 0 Upper write: Indicates write access to the upper eight bits 
of an external device. 

WRL 57 0 Lower write: Indicates write access to the lower eight bits 
of an external device. 

CSO-CS7 48,49,50, 0 Chip select 0-7: Chip select signals for accessing 
51,53,54, external memory and devices. 
55,56 

AH 63 0 Address hold: Address hold timing signal for a device 
using a multiplexed address/data bus. 

HBS, LBS 23, 58 0 Upper/lower byte strobe: Upper and lower byte strobe 
signals. (Also used as WRH and AO.) 

WR 57 0 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 0 DMA transfer acknowledge (channels 0 and 1): Indicates 
DACK1 that DMA transfer is acknowledged. 

16-bit TIOCAO, 53, 55 I/O ITU input capture/output compare (channel 0): Input 
integrated- TIOCBO capture or output compare pins. 

timer pulse TIOCA 1 64, 65 I/O ITU input capture/output compare (channel 1): Input 
unit (ITU) TIOCB 1 ' capture or output compare pins. 

TIOCA2, . 97,98 I/O ITU input capture/output compare (channel 2): Input 
TIOCB2 capture or output compare pins. 

TIOCA3, 100, 101 I/O ITU input capture/output compare (channel 3): Input 
TIOCB3 capture or output compare pins. 

TIOCA4, 102, 103 I/O ITU input capture/output compare (channel 4): Input 
TIOCB4 capture or output compare pins. 

TOCXA4, 104, 105 0 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. UO Name and Function 

Timing TP15-TPO 2,1,112- 0 Timing pattern output 15-0: Timing pattern output pins. 
pattern 107, 105-
controller 100,98,97 
(TPC) 

Serial com- TxDO, 108, 110 0 Transmit data (channels 0 and 1): Transmit data output 
munication TxD1 pins for SCIO and SCI1. 
interface RxDO, 107, 109 Receive data (channels 0 and 1): Receive data input pins 
(SCI) RxD1 for SCIO and SCI1. 

SCKO, 111,112 I/O Serial clock (channels 0 and 1): Clock input/output pins 
SCK1 for SCIO and SCI1. 

AID AN7-ANO 95-92, Analog input: Analog signal input pins. 
converter 90-87 

ADTRG 63 AID trigger input: External trigger input for starting AID 
conversion. 

AVref 86 Analog reference power supply: Input pin for the analog 
reference voltage. 

AVee 85 Analog power supply: Power supply pin for analog 
circuits. Connect to the Vee potential. 

AVss 91 Analog ground: Power supply pin for analog circuits. 
Connect to the V ss potential. 

I/O ports PA 15-PAO 69-62, I/O Port A: 16-bit input/output pins. Input or output can be 
60-53 selected individually for each bit. 

PB15-PBO 2, 1, 112- I/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, I 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 versi.on) No. MCU Mode OM version) 

PB14fTP14/IRQ6 NC 29 A6 A6 

2 PB15fTP15/IRQ7 NC 30 A7 A7 

3 Vss Vss 31 Vss Vss 
4 ADO DO 32 A8 A8 

5 AD1 D1 33 A9 OE 

6 AD2 D2 34 A10 A10 

7 AD3 D3 35 A11 A11 

8 AD4 D4 36 A12 A12 

9 AD5 D5 37 A13 A13 

10 AD6 D6 38 A14 A14 

11 AD7 D7 39 A15 A15 

12 Vss Vss 40 Vss Vss 

13 AD8 NC 41 A16 A16 

14 AD9 NC 42 A17 Vee 

15 Vee Vee 43 Vee Vee 

16 AD10 NC 44 A18 Vee 

17 AD11 NC 45 A19 Vee 

18 AD12 NC 46 A20 NC 

19, AD13 NC 47 A21 NC 

20 AD14 NC 48 CSO NC 

21 AD15 NC 49 CS1/CASH NC 

22 Vss Vss 50 CS2 NC 

23 AO (HBS) AO 51 CS3/CASL NC 

24 A1 A1 52 Vss Vss 

25 A2 A2 53 PAO/CS4fTIOCAO NC 

26 A3 A3 54 PA 1 /CS5/RAS NC 

27 A4 A4 55 PA2ICS6fTIOCBO PGM 

28 A5 A5 56 PA3/CS7 NJ AIT 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 PA4IWRL (WR) NC 85 AVee Vee 

58 PA5IWRH (LBS) NC 86 AVref Vee 

59 PA6/RD NC 87 PCO/ANO Vss 

60 PA7/BACK NC 88 PC1/AN1 Vss 

61 Vss Vss 89 PC2/AN2 Vss 

62 PA8/BREQ NC 90 PC3/AN3 Vss 

63 PA91 AH/IRQOUT/ADTRG NC 91 AVss Vss 

64 PA 1 O/DPLlTIOCA 1 NC 92 PC4/AN4 Vss 

65 PA11/DPHITIOCB1 NC 93 PC5/AN5 Vss 

66 PA 12/1RQO/DACKOITCLKA NC 94 PC6/AN6 Vss 

67 PA13/1RQ1/DREQOITCLKB NC 95 PC7/AN7 Vss 

68 PA 14/IRQ2IDACK1 NC 96 Vss Vss 

69 PA15/1RQ3/DREQ1 NC 97 PBOITPOITIOCA2 NC 

70 Vee Vee 98 PB1ITP11TIOCB2 NC 

71 CK NC 99 Vee Vee 

72 Vss Vss 100 PB2ITP2ITIOCA3 NC 

73 EXTAL NC 101 PB3ITP31TIOCB3 NC 

74 XTAL NC 102 PB4ITP41TIOCA4 NC 

75 Vee Vee 103 PB5ITP51TIOCB4 NC 

76 NMI A9 104 PB6ITP6ITOCXA4ITCLKC NC 

77 Vee Vpp 105 PB7ITP7ITOCXB4ITCLKD NC 

78 WDTOVF NC 106 Vss Vss 

79 RES Vss 107 PB8ITP8/RxDO NC 

80 MDO Vee 108 PB9ITP9ITxDO NC 

81 MD1 Vee 109 PB1 0ITP1 0/RxD1 NC 

82 MD2 Vee 110 PB11ITP11ITxD1 NC 

83 Vee Vee 111 PB 12ITP121IRQ4/SCKO NC 

84 Vee Vee 112 PB13ITP13/1RQ5/SCK1 NC 

HITACHI 13 





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 (RO-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 

RO 

R1 

R2 

R3 

R4 

R5 

R6 

R7 

R8 

R9 

R10 

R11 

R12 

R13 

R14 

R15, SP 

o 
RO functions as an index register 
in the indexed register addressing 
mode and indirect indexed GSR 
addressing mode. In some instruc­
tions, RO functions as a source 
register or a destination register. 

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 9 8 7 6 5 4 32 1 0 

SR l --------- M Q 13 12 11 10 -- S T J SR: Status register 

--~- -- -- L. T bit: The MOVT, CMP, TAS, TST, 
ST, SF, SETT, and CLRT instructions 
use the T bit to indicate a true (1) or 
false (0). The ADDV, ADDC, SUSV, 
SUSC, DIVdu, 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. 

'----__ -+-__ 1--_--+-_---..: Reserved bits. These bits always read O. 
The write value should always be O. 

L..-.----:-.Sits 10-13: Interrupt mask bits. 

L---------=-+M and Q bits: Used by the DIVOU, DIVOS, 
and DIV1 instructions. 

Global base register (GSR): 
3,...:-1 _____________ --;0 Indicates the base address of the indirect 

I GSR I GSR addressing mode. The indirect GSR 
'------------------' addressing mode is used to transfer data 

to the register areas peripheral on-chip 
modules. 

3,1 ____________ ----;0 Vector base register (VSR): 
I VSR I Stores t~e 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 ac~umulate 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. 

16 HITACHI 



31 0 Multiply and accumulate (MAC) registers 

I 
(sign extended) MACH 

I 
high 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. 

31 0 

I PA I Procedure register (PA): Stores a return 
address from a subroutine procedure. 

31 0 Program counter (PC): Indicates the 

I PC I 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 A0-A14 Undefined 
----------------------------------------------------

A15 (SP) Value of the stack pointer in the vector address table 

Control register SA Bits 10-13 are 1111 (H'F), reserved bits are 0, and other 
bits are undefined 

GSA Undefined 

VBA H'OOOOOOOO 

System register MACH, MACL, PA Undefined 

PC Value of the program counter in the vector address table 

2.2 Data Formats 

2.2.1 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). 
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31 0 
~I ---------~-ng-w-o-rd--------~I 

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, RI5), 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 
-r-

+ 31 

7 Byte 

Address 2n -. 

Address 4n -. 

15 

31 

-I.-

23 

01 7 

Word 

1 Address m + 2 1 
15 + -r-

7 0 

Byte o 7 Byte 017 Byte 0 

o 15 Word 0 

Long word 0 

-.... 

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 
MOY, ADD, and CMPIEQ 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 (MOY) 

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 RISe 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 

MOV.W 
@(disp,PC),R1 

ADD R1,RO 

.DATA.W H'1234 

Description Conventional CPUs 

Data is sign-extended to 32 bits, and ADD. W 
A1 becomes H'00001234. It is next #H' 1234, RO 
operated upon by an ADD instruction. 

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 

BRA 

ADD 

TRGET 

R1,RO 

Description 

Executes an ADD before 
branching to TAGET. 

Conventional CPU 

ADD.W R1,RO 

BRA TRGET 
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MultiplicationlAccumulation 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 

CMP/GE R1,RO 
BT TRGETO 
BF TRGET1 

ADD 
TST 
BT 

#-l,RO 
RO,RO 
TRGET 

Description Conventional CPU 

T bit is set when RO ~ R1. The program CMP . W R1, RO 
branches to TRGETO when RO ~ R1 and BGE TRGETO 
to TRGET1 when RO<R1. BLT TRGET1 

T bit is not changed by ADD. T bit is set SUB. W # 1, RO 
when RO=O. The program branches if BEQ TRGET 
RO=O. 

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. 

Table 2.5 Immediate Data Accessing 

Classification CPU of SH7000 Series 

a-bit immediate MOV #H'12,RO 

16-bit immediate MOV.W @(disp,PC),RO 

. DATA. W H ' 1234 

32-bit immediate MOV.L @(disp,PC) ,RO 

. DATA.L H' 12345678 

Conventional CPU 

MOV.B #H'12,RO 

MOV.W 

MOV.L 
RO 

#H'1234,RO 

#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 

20 HITACHI 



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 

Absolute address 

CPU of SH7000 Series 

MOV.L 
MOV. B 

.DATA.L 

@(disp, PC) , Rl 
@Rl,RO 

H'12345678 

Conventional CPU 

MOV.B 
@H'12345678,RO 

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 

16-bit displacement 

CPU of SH7000 Series 

MOV.W 
MOV.W 

.DATA.W 

@(disp,PC) ,RO 
@ (RO , Rl) , R2 

H'1234 

Conventional CPU 

MOV.W @(H'1234,Rl),R2 

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 
register 
addressing 

Indirect @Rn 
register 
addressing 

Post-incre­
ment 
indirect 
register 
addressing 

@Rn+ 

Pre-decre- @-Rn 

ment 

indirect 

register 

addressing 
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The effective address is register Rn. (The operand is 
the contents of register Rn.) 

The effective address is the content of register Rn. Rn 

Rn Rn 

The effective address is the content of register Rn. A 
constant is added to the content of Rn after the 
instruction is executed. 1 is added for a byte 
operation, 2 for a word operation, and 4 for a long 
word operation. 

Rn 

Rn 

(After the 
instruction is 
executed) 

Byte: Rn + 1 
~Rn 

Word: Rn +2 
~Rn 

Long word: 
Rn +4~ Rn 

The effective address is the value obtained by Byte: Rn - 1 

subtracting a constant from Rn. 1 is subtracted for a ~ Rn 

byte operation, 2 for a word operation, and 4 for a 

long word operation. 

Rn - 1/2/4 

Word: Rn-2 

~Rn 

Long word: 

Rn -4 ~ Rn 

(Instruction 

executed with 

Rn after 

calculation) 



Table 2.8 Addressing Modes and Effective Addresses (cont) 

Addressing Mnemonic 
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. 
displace­
ment 

Indirect 
indexed 
register 
addressing 

Indirect 
GBR 
addressing 
with 
displace-
ment 

Indirect 
indexed 
GSR 
addressing 

@(RD, Rn) 

@(disp:8, 
GBR) 

@(RD, 
GBR) 

Rn 

disp 
(zero-extended) 

1/2/4 

Rn + disp x 1/214 

The effective address is the Rn value plus RD. 

Rn 

Rn + RD 

RD 

The effective address is the GBR value plus an 8-bit 
displacement (disp). The value of 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. 

GBR 

disp GBR 

(zero-extended) + disp x 1/2/4 

1/2/4 

The effective address is the GBR value plus the RD. 

GBR 

GSR + RD 

RD 

disp x 2 

Long word: 
Rn + disp x 4 

Rn+ RD 

Byte: GBR + 
disp 

Word: GBR + 
disp x 2 

Long word: 
GBR + disp x 
4 

GBR + RD 
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Table 2.8 Addressing Modes and Effective Addresses (coot) 

Addressing Mnemonic 
Mode Expression Effective Addresses Calculation Equation 

PC relative @(disp:8, The effective address is the PC value plus an 8-bit Word: PC + 
addressing PC) displacement (disp). disp is zero-extended, and disp x 2 
with dis- remains the same for a byte operation, is doubled for Long word: 
placement a word operation, and is quadrupled for a long word PC& 

operation. For a long word operation, the lowest two H'FFFFFFFC 
bits of the PC are masked. + disp x 4 

PC 

PC + disp x 2 
H'FFFFFFFC or 

PC&H'FFFFFFFC 
disp + disp x 4 

(zero-extended) 

214 
*: For long word 

PC relative disp:8 The effective address is the PC value sign-extended PC + disp x 2 
addressing with an 8-bit displacement (disp), doubled, and 

added to the PC. 

PC 

disp PC + disp x 2 
( sign-extended) 

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. 

PC 

disp 
( sign-extended) 

PC +disp x2 

2 
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Table 2.8 Addressing Modes and Effective Addresses (cont) 

Addressing Mnemonic 
Mode Expression Effective Addresses Calculation 

Immediate #imm:8 
addressing 

#imm:8 

#imm:8 

The 8-bit immediate data (imm) for the TST, AND, 
OR, and XOR instructions are zero-extended. 

The 8-bit immediate data (imm) for the MOV, ADD, 
and CMP/EQ instructions are sign-extended. 

Immediate data (imm) for the TRAPA instruction is 
zero-extended and is quadrupled. 

2.3.3 Instruction Formats 

Equation 

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 

Instruction Formats 

o format 

15 0 

I xxxx xxxx xxxx xxxx I 
n format 

15 0 

I xxxx I nnnn xxxx xxxx I 

Source 
Operand 

Control register 
or system 
register 

Control register 
or system 
register 

Destination 
Operand 

nnnn: Direct 
register 

nnnn: Direct 
register 

nnnn: Direct 
register 

nnnn: Indirect pre-
decrement register 

Instruction 
Example 

NOP 

MOVT Rn 

STS MACH,Rn 

JMP @Rn 

STC.L SR,@-Rn 
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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 

I xxxx Immmmi xxxx xxxx I 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 

I 
xxxx nnnn Immmmi xxxx I 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: RD (Direct register) MOV.B 

15 0 indirect register @(disp,Rm),RO 

I xxxx xxxx Immmmi dddd I with 
displacement 

nd4 format RD (Direct nnnndddd: Indirect MOV.B 

15 0 register) register with RO,@(disp,Rn) 

I xxxx xxxx I nnnn I dddd I 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 0 register register with Rm,@(disp,Rn) 

I xxxx nnnn Immmmi dddd I 
displacement 

mmmmdddd: nnnn: Direct MOV.L 
Indirect register register @(disp, Rm) , Rn 
with 
displacement 

d format dddddddd: RD (Direct register) MOV.L 

15 0 Indirect GSR @(disp,GBR) , RO 

I I dddd dddd I with xxxx xxxx 
displacement 

RD(Direct dddddddd: Indirect MOV.L 
register) GSR with RO,@(disp,GBR) 

displacement 

dddddddd: PC RD (Direct register) MOVA 
relative with @(disp, PC) , RO 
displacement 

dddddddd: PC BF disp 
relative 

d12 format dddddddddddd: BRA disp 

15 0 PC relative 

I xxxx I dddd dddd dddd I 
nd8 format dddddddd: PC nnnn: Direct MOV.L 

15 0 relative with register @ (disp, PC) , Rn 

I xxxx I nnnn I dddd dddd I displacement 

i format iiiiiiii: Immediate Indirect indexed AND.B 
GSR #imm,@(RO,GBR) 

15 0 iiiiiiii: Immediate RD (Direct register) AND #imm,RO 

I xxxx xxxx iii i iii i I 
iiiiiiii: Immediate TRAPA #imm 

ni format iiiiiiii: Immediate nnnn: Direct ADD #imm,Rn 

15 0 register 

I xxxx nnnn I iii i iii i I 
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2.4 Instruction Set 

2.4.1 Instruction Set by Classification 

Table 2.10 lists instructions by classification. 

Table 2.10 Classification of Instructions 

Classifi- 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 

DiVaS Initialization of signed division 

DIVaU Initialization of unsigned division 

EXTS Sign extension 

EXTU Zero extension 

MAC Multiplication and accumulation 

MULS Signed multiplication 

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) 

Classlfl- 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 

LOC Load to control register 

LOS 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 

Instruction 
mnemonic 

Instruction 
code 

Operation 
summary 

Execution 
cycle 

T bit 

Format Explanation 

OP. Sz SRC, DEST OP: Operation code 

MSB H LSB 

-7,~ 

(xx) 
M/QfT 
& 
I 

«n,»n 

Sz: Size 
SRC: Source 
DEST: Destination 
Rm: Source register 
Rn: Destination register 
imm: Immediate data 
disp: Displacement* 

mmmm: Source register 
nnnn: Destination register 

0000: RO 
0001: R1 

1111: R15 
iiii: Immediate data 
dddd: Displacement 

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 

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 -7 register) and the register used by the next 
instruction are the same. 

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 1001nnnndddddddd (dispx2 + PC) ~ Sign 
extension ~ Rn 

MOV.L @(disp,PC),Rn 110lnnnndddddddd (dispx4 + PC) ~ Rn 

MOV Rm,Rn 0110~0011 Rm~Rn 

MOV.B Rm,@Rn 0010~0000 Rm ~ (Rn) 

MOV.W Rm,@Rn 0010~0001 Rm ~ (Rn) 

MOV.L Rm,@Rn 0010~0010 Rm ~ (Rn) 

MOV.B @Rm,Rn o 1 1 o nnnnmmrnrn 0 0 00 (Rm) ~ Sign extension ~ 
Rn 

MOV.W @Rm,Rn 0110nnnnmmrnrnOO01 (Rm) ~ Sign extension ~ 
Rn 

MOV.L @Rm,Rn 011OnnnnmmmrnOO10 (Rm) ~ Rn 

MOV.B Rm,@-Rn 00 10nnnnmmmrn010 0 Rn-1 ~ Rn, Rm ~ (Rn) 

MOV.W Rm,@-Rn 0010~0101 Rn-2 ~ Rn, Rm ~ (Rn) 

MOV.L Rm,@-Rn 00 10nnnnmmmrnO 110 Rn-4 ~ Rn, Rm ~ (Rn) 

MOV.B @Rm+,Rn 0110nnnnmmmrn0100 (Rm) ~ Sign extension ~ 
Rn,Rm + 1 ~ Rm 

MOV.W @Rm+,Rn 0110nnnnmmmrn0101 (Rm) ~ Sign extension ~ 
Rn,Rm +2~ Rm 

MOV.L @Rm+,Rn 0110~0110 (Rm) ~ Rn,Rm + 4 ~ Rm 

MOV.B RO,@(disp,Rn) 10000000nnnndddd RO ~ (disp + Rn) 

MOV.W RO,@(disp,Rn) 10000001nnnndddd RO ~ (dispx2 + Rn) 

MOV.L Rm,@(disp,Rn) OOOlnnnnmmmrndddd Rm ~ (dispx4 + Rn) 

MOV.B @(disp,Rm) , RO 10 00 OlOOmmmrndddd (disp + Rm) ~ Sign 
extension ~ RO 

MOV.W @(disp,Rm),RO 1000 010 1mmmrndddd (dispx2 + Rm) ~ Sign 
extension ~ RO 

MOV.L @(disp,Rm),Rn OlOlnnnnmmmrndddd (dispx4 + Rm) ~ Rn 

MOV.B Rm,@(RO,Rn) OOOOnnnnmmmrn0100 Rm ~ (RO + Rn) 

MOV.W Rm,@(RO,Rn) 0000nnnnmmmrn0101 Rm ~ (RO + Rn) 
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Table 2.12 Data Transfer Instructions (cont) 

Execu-
tion T 

Instruction Instruction Code Operation Cycles bit 

MOV.L Rm,@(RO,Rn) OOOO~Ol10 Rm ~ (RD + Rn) 1 

MOV.B @(RO,Rm) ,Rn OOOO~1100 (RD + Rm) ~ Sign 
extension ~ Rn 

MOV.W @(RO,Rm),Rn OOOO~1101 (RD + Rm) ~ Sign 
extension -7 Rn 

MOV.L @(RO,Rm),Rn 0000~1110 (RD + Rm) ~ Rn 

MOV.B RO,@(disp,GBR) 11000000dddddddd RD ~ (disp + GSR) 

MOV.W RO,@(disp,GBR) 11000001dddddddd RO ~ (dispx2 + GSR) 

MOV.L RO,@(disp,GBR) 11000010dddddddd RD ~ (dispx4 + GSR) 

MOV.B @(disp,GBR),RO 110 0 0100dddddddd (disp + GSR) ~ Sign 
extension ~ RD 

MOV.W @ (disp, GBR) , RO 11000101dddddddd (dispx2 + GSR) ~ Sign 
extension ~ RD 

MOV.L @ (disp, GBR) , RO 11000110dddddddd (dispx4 + GSR) ~ RD 

MOVA @ (disp, PC) , RO 11000111dddddddd dispx4 + PC ~ RD 

MOVT Rn 0000nnnn00101001 T~Rn 

SWAP.B Rm,Rn 0110~1000 Rm ~ Swap the bottom 
two bytes ~ Rn 

SWAP.W Rm,Rn 0110~1001 Rm -7 Swap two 
consecutive words ~ Rn 

XTRCT Rm,Rn 0010~1101 Center 32 bits of Rm and 
Rn -7 Rn 
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Table 2.13 Arithmetic Instructions 

Execution 
Instruction Instruction Code Operation Cycles Tblt 

ADD Rm,Rn 0011nnnnmmmm1100 Rn + Rm --? Rn 1 

ADD #imm,Rn 0111nnnniiiiiiii Rn + imm --? Rn 

ADDC Rm,Rn 0011nnnnmmmm1110 Rn + Rm + T --? Rn, Carry 
Carry --? T 

ADDV Rm,Rn 0011nnnnmmmm1111 Rn + Rm --? Rn, Overflow 
Overflow --? T 

CMP/EQ #imm,RO 10001000iiiiiiii If RO = imm, 1 --? T Comparison 
result 

CMP/EQ Rm,Rn 0011nnnnmmmmOOOO If Rn = Rm, 1 --? T Comparison 
result 

CMP/HS Rm,Rn o o 11nnnnmmmmO 010 If Rn~Rm with Comparison 
unsigned data, 1 --? T result 

CMP/GE Rm,Rn 0011nnnnmmmm0011 If Rn ~ Rm with Comparison 
signed data, 1 --? T result 

CMP/HI Rm,Rn 0011nnnnmmmm0110 If Rn > Rm with Comparison 
.~ . 

unsigned data, 1 --? T result 

CMP/GT Rm,Rn o 011nnnnmmmmO 111 If Rn > Rm with Comparison 
signed data, 1 --? T result 

CMP/PZ Rn 0100nnnnOO010001 If Rn ~ 0, 1 --? T Comparison 
result 

CMP/PL Rn 0100nnnnOO010101 If Rn > 0, 1 --? T Comparison 
result 

CMP/STR Rm,Rn 0010nnnnmmmm1100 If Rn and Rm have an Comparison 
equivalent byte, 1 --? result 
T 

DIV1 Rm,Rn 00 11nnnnmmmm0100 Single-step division Calculation 
(Rn/Rm) result 

DIVOS Rm,Rn 0010nnnnmmmm0111 MSB of Rn --? Q, Calculation 
MSB of Rm --? M, M" result 
Q--?T 

DIVOU 0000000000011001 ° --? M/Q/T ° 
EXTS.B Rm,Rn o 11 Onnnnmmmm111 0 A byte in Rm is sign-

extended --? Rn 
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Table 2.13 Arithmetic Instructions (cont) 

Execution 
Instruction Instruction Code Operation Cycles Tbit 

EXTS.W Rm,Rn o 110nnnnmmmmll11 A word in Rm is sign- 1 
extended -7 Rn 

EXTU.B Rm,Rn o 11 Onnnnmmmmll 0 0 A byte in Rm is zero-
extended -7 Rn 

EXTU.W Rm,Rn o 11 Onnnnmmmm11 0 1 A word in Rm is zero-
extended -7 Rn 

MAC.W @Rm+,@Rn+ 0100nnnnmmmmlll1 Signed operation of 3/(2}* 
(Rn) x (Rm) + MAC 
-7 MAC 

MULS Rm,Rn 0010nnnnmmmm1111 Signed operation of 1-3* 
Rn xRm -7 MAC 

MULU Rm,Rn 0010nnnnmmmmlll0 Unsigned operation of 1-3* 
Rn x Rm -7 MAC 

NEG Rm,Rn 0110nnnnmmmml011 O-Rm -7 Rn 

NEGC Rm,Rn o 110nnnnmmmml0l0 O-Rm-T -7 Rn, Borrow 
Borrow -7 T 

SUB Rm,Rn 0Ollnnnnmmmm1000 Rn-Rm -7 Rn 

SUBC Rm,Rn 0Ollnnnnmmmml010 Rn-Rm-T -7 Rn, Borrow 
Borrow -7 T 

SUEV Rm,Rn 00 11nnnnmmmml0l1 Rn-Rm -7 Rn, Underflow 
Underflow -7 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 + GSR) & imm --? (RO 3 
+GSR) 

NOT Rm,Rn 01 1 Onnnnmmmm0111 -Rm --? Rn 

OR Rm,Rn 0010nnnnmmmm1011 Rn I Rm --? Rn 

OR #imm,RO 11001011iiiiiiii RO I imm --? RO 

OR.B #imm,@(RO,GBR) 11001111iiiiiiii (RO + GSR) I imm --? (RO 3 
+GSA) 

TAS.B @Rn 0100nnnnOO011011 If (Rn) is 0, 1 --? T; 1 --? 4 Test 
MSS of (Rn) result 

TST Rm,Rn 0010nnnnmmmm1000 Rn & Am; if the result is 0, Test 
1~T result 

TST #imm,RO 11001000iiiiiiii RO & imm; if the result is Test 
0, 1 --? T result 

TST.B #imm,@(RO,GBR) 11001100iiiiiiii (RO + GSR) & imm; if the 3 Test 
result is 0, 1 ~ T result 

XOR Rm,Rn 0010nnnnmmmm1010 Rn A Rm --?Rn 

XOR #imm,RO 11001010iiiiiiii RO A imm --? RO 

XOR.B #imm,@(RO,GBR) 11001110iiiiiiii (RO + GSR) A imm --? (RO 3 
+GSR) 
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Table 2.15 Shift Instructions 

Instruction Instruction Code Operation Execution Cycles Tbit 

ROTL Rn 0100nnnnOOOO0100 T~Rn~MSB 1 MSB 

ROTR Rn 0100nnnnOOOO0101 LSB~Rn~T LSB 

ROTCL Rn 0100nnnn00100100 T~Rn~T MSB 

ROTCR Rn 0100nnnn00100101 T~Rn~T LSB 

SHAL Rn 0100nnnn00100000 T~Rn~O MSB 

SHAR Rn 0100nnnn00100001 MSB~ Rn ~ T LSB 

SHLL Rn 0100nnnnOOOOOOOO T~Rn~O MSB 

SHLR Rn 0100nnnnOOOOOO01 O~Rn~T LSB 

SHLL2 Rn 0100nnnnOOO01000 Rn«2 ~ Rn 

SHLR2 Rn 0100nnnnOOO01001 Rn»2 ~ Rn 

SHLL8 Rn 0100nnnnOO011000 Rn«8~ Rn 

SHLR8 Rn 0100nnnnOO011001 Rn»8 ~ Rn 

SHLL16 Rn 0100nnnn00101000 Rn«16 ~ Rn 

SHLR16 Rn 0100nnnn00101001 Rn»16 ~ Rn 

Table 2.16 Branch Instructions 

Execution 
Instruction Instruction Code Operation Cycles T bit 

BF label 10001011dddddddd If T = 0, dispx2 + PC ~ PC; if T = 1, 3/1* 
nap 

BT label 10001001dddddddd If T = 1, dispx2 + PC ~ PC; if T = 0, 3/1* 
nap 

BRA label 1010dddddddddddd Delayed branch, dispx2 + PC ~ PC 2 

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 O~T 1 0 

CLRMAC 0000000000101000 o ~ MACH, MACL 

LDC Rm,SR 0100mmrnmOOO01110 Am~SA LSB 

LDC Rm,GBR 0100mmrnmOO011110 Am~GBA 

LDC Rm,VBR 0100mmrnm00101110 Am ~VBA 

LDC.L @Rm+,SR 0100mmrnmOOOO0111 (Am) ~ SA, Am +4~ Am 3 LSB 

LDC.L @Rm+,GBR 0100mmrnmOO010111 (Am) ~ GBA, Am + 4 ~ Am 3 

LDC.L @Rm+,VBR 0100mmrnm00100111 (Am) ~ VB A, Am+4~Am 3 

LDS Rm,MACH 0100mmrnmOOO01010 Am ~MACH 

LDS Rm,MACL 0100mmrnmOO011010 Am~MACL 

LDS Rm,PR 0100mmrnm00101010 Am~PA 

LDS.L @Rm+,MACH 0100mmrnmOOOO0110 (Am) ~ MACH, Am+4~ 
Am 

LDS.L @Rm+,MACL 0100mmrnmOO010110 (Am) ~ MACL, Am + 4 ~ 
Am 

LDS.L @Rm+,PR 0100mmrnm00100110 (Am) ~ PA, Am + 4 ~ Am 

NOP 0000000000001001 No operation 

RTE 0000000000101011 Delayed branch, stack area 4 
~ PC/SA 

SETT 0000000000011000 1~T 

SLEEP 0000000000011011 Sleep 3* 

STC SR,Rn 0000nnnnOOOOO010 SA~An 

STC GBR,Rn 0000nnnnOO010010 GBA~ An 

STC VBR,Rn 0000nnnn00100010 VBA~ An 

STC.L SR,@-Rn 0100nnnnOOOOO011 An-4 ~ An, SA ~ (An) 2 

STC.L GBR,@-Rn 0100nnnnOO010011 An-4 ~ An, GBA ~ (An) 2 

STC.L VBR,@-Rn 0100nnnn00100011 An-4 ~ An, VBA ~ (An) 2 

STS MACH,Rn 0000nnnnOOO01010 MACH ~ An 

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 Operation Cycles bit 

STS MACL,Rn OOOOnnnnOOOl101O MACL-7 Rn 

STS PR,Rn OOOOnnnnOO10101O PR -7 Rn 

STS.L MACH,@-Rn OlOOnnnnOOOOOO1O Rn-4 -7 Rn, MACH -7 (Rn) 

STS.L MACL,@-Rn OlOOnnnnOOO1OO1O Rn-4 -7 Rn, MACL-7 (Rn) 

STS.L PR,@-Rn OlOOnnnnOO1OOO1O Rn-4 -7 Rn, PR -7 (Rn) 

TRAPA #inun 110000lliiiiiiii PC/SR -7 stack area, 8 
(immx4+VBR) -7 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 -7 register) and the 

register used by the next instruction are the same. 
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2.4.2 Operation Code Map 

Table 2.18 is an operation code map. 

Table 2.18 Operation Code Map 

Instruction Code Fx:OOOO Fx:0001 Fx:0010 Fx:0011-1111 

MSB LSB MD: 00 MD: 01 MD: 10 MD: 11 

0000 An Fx 0000 

0000 An Fx 0001 

0000 An Fx 0010 STC SR,Rn STC GBR,Rn STC VBR,Rn 

0000 An Fx 0011 

0000 An Am 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 An Fx 1000 

0000 An Fx 1001 

0000 An Fx 1010 STS MACH,Rn STS MACL,Rn STS PR,Rn 

0000 An Am 1011 

0000 An Am 11MD MOV.B MOV.W MOV.L 
@(RO,Rm) ,Rn @(RO,Rm) ,Rn @(RO,Rm) ,Rn 

0001 An Am disp MOV.L Rm,@(disp:4,Rn) 

0010 An Am OOMD MOV. B Rm, @Rn MOV . W Rm, @Rn MOV.L Rm, @Rn 

0010 An Am 01MD MOV.B Rm, @-Rn MOV. W Rm, @-Rn MOV.L Rm,@-Rn DIVOS Rm,~ 

0010 An Am 10MD TST Rm,Rn AND Rm,Rn XOR Rm,Rn OR Rm,Rn 

0010 An Am 11MD CMP/STR XTRCT Rm,Rn MULU Rm,Rn MULS Rm,Rn 
Rm,Rn 

0011 An Am OOMD CMP/EQ Rm, Rn CMP /HS Rm, Rn CMP/GE Rm, Rn 

0011 An Am 01MD DIVl Rm,Rn CMP/HI Rm, Rn CMP/GT Rm, Rn 

0011 An Am 10MD SUB Rm,Rn SUBC Rm,Rn SUBV Rm,Rn 

0011 An Am 11MD ADD Rm,Rn ADDC Rm,Rn ADDV Rm,Rn 

0100 An Fx 0000 SHLL Rn SHAL Rn 

0100 An Fx 0001 SHLR Rn CMP/PZ Rn SHAR Rn 

0100 An 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:OOOO Fx:0001 Fx:0010 Fx:0011-1111 
MSB LSB MD:OO MD: 01 MD: 10 MD: 11 

0100 Rn Fx 0011 STC.L STC.L I 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 LDS.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 SHLL8 Rn SHLL16 Rn 

0100 Rn Fx 1001 SHLR2 Rn SHLR8 Rn SHLL16 Rn 

0100 Rm Fx 1010 LDS Rm,MACH LDS 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+,Rn MOV.L @Rm+,Rn NOT Rm,Rn 

0110 Rn Rm 10MD 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 01MD Rm disp MOV.B MOV.W RO, 
@(disp:4, @(disp:4, 

Rm) ,RO Rn) ,RO 

1000 10MD 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:OOOO 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 10MD imm TST AND XOR OR 
#imm:8,RO #inun:8,RO #inun:8,RO #inun:8,RO 

1100 11MD imm TST.B AND.B XOR.B OR.B 
#inun:8, #imm:8, #inun:8, #imm: 8, 
@(RO,GBR) @(RO,GBR) @(RO,GBR) @(RO,GBR) 

1101 An disp MOV.L @ (disp: 8, PC) , Rn 

1110 An imm MOV #inun:8,Rn 

1111 ... 
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2.S 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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From any state when From any state when __ ---, 
RES = 0 and NMI = 11 RES = 0 and NMI = 0 

:----------------t--------------~-------------------------------------------
, RES = 0, NMI = 0 

, , , , , , , 
----------------------------

When an interrupt source 
or DMA address error occurs 

RES = 1, 
NMI = 1 

__ ------.IIIJ 

, 

Exception 
processing 

source occurs 

RES = 1, 
NMI =0 

Reset states 

source occurs 

Exception 
processing 
ends 

Standby mode 

-------------------------------------------------------------------------------
Power-down state 

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 e~ception processing sources such as resets or interrupts. 

For a reset, 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. 

2.5.2 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 I/O Ports Canceling 

Sleep Execute SLEEP Run Halt Run Held Held Held 1. Interrupt 
mode instruction with 2. DMA address 

SBY bit cleared error 
to 0 in SBYCR 

3. Power-on 
reset 

4. Manual reset 

Standby Execute SLEEP Halt Halt Halt and Held Held Held or 1. NMI 
mode instruction with initialize* high-Z* 2. Power-on 

SBY bit set to 1 (selectable) reset 
in SBYCR 

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 0, 1, 2, and 7). Modes ° and 1 differ in the bus 
width of memory area O. 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 M02 M01 MOO Mode Name Bus Width of Area 0 

Mode 0 o o o MCU mode 0 8 bits 

Mode 1 o o MCU mode 1 16 bits 

Mode 2* o o MCU mode 2 On-chip ROM 

Mode 7* PROM mode 

Note: SH7034 (PROM version) only 

3.2 Operating Mode Descriptions 

3.2.1 Mode 0 (MeV Mode 0) 

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

3.2.2 Mode 1 (MeV Mode 1) 

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

3.2.3 Mode 2 (MeV Mode 2) 

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

3.2.4 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 

Reset 
--c · Power-on reset 

• Manual reset 

Address ~ • CPU address error 
error ~ • DMA address error 

Interrupt 

·NMI 
• User break 
·IAQ 

- On-chip module 

{ 

• Trap instruction 

Instruction - ~ener~1 illegal 
instruction 

-Illegal slot 
instruction 

Priority 

High 

• Direct memory access 
controller 

• 16-bit integrated-timer 
pulse unit 

• Serial communications 
interface 

• Parity control unit 
(part of the bus con­
troller) 

• AID converter 
• Watchdog timer 
• DRAM refresh control 

unit (part of the bus 
controller) 

• TAAPA instruction 

• Undefined code 

• Undefined instruction 
or instruction that 
rewrites the PC*l 
placed directly after Low 
a delayed branch 
instruction*2 

Notes: 1. The instructions that rewrite the PC are JMP, JSA, BAA, BSA, ATS, ATE, BT, BF, 
and TRAPA. 

2. The delayed branch instructions are JMP, JSR. BAA. BSR, ATS, and RTE. 

Figure 4.1 Exception Source Types and Priority 
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4.1.2 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 

Reset Power-on 

Manual 

Address error 

Interrupt 

Instruction Trap instruction 

General illegal 
instruction 

Illegal slot 
instruction 

Source Detection and Time of the Start of Processing 

Low-to-high transition at pin RES when NMI is high 

Low-to-high transition at pin RES when NMI is low 

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

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

Starts when a trap instruction (TRAPA) is executed. 

Starts when undefined code is decoded at a position other than 
directly after a delayed branch instruction (a delay slot). 

Starts when undefined code or an instruction that rewrites the PC is 
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'OOOOOOOO and H'00000004 for a 

power-on reset and H'00000008 and H'OOOOOOOC 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 (13-10) 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 (13-10). For 
address errors and instructions, bits 13-10 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 vectpr 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'OOOOOOOo-H'OOOOOOO3 

SP H'00000004-H'00000007 

Manual reset PC 2 H'OOOOOO08-H'OOOOOOOB 

SP 3 H'OOOOOOOC-H'OOOOOOOF 

General illegal instruction 4 H'OOOOOO 1 Q-H'OOOOOO 13 

(Reserved for system use) 5 H'00000014-H'00000017 

Illegal slot instruction 6 H'00000018-H'0000001 B 

(Reserved for system use) 7 H'OOOOOO 1 C-H'OOOOOO 1 F 
, 

8 H'OOOOOO2o-H'00000023 

CPU address error 9 H'OOOOOO24-H'OOOOOO27 

. DMA address error 10 H'00000028-H'0000002B 

Interrupts NMI 11 H'OOOOO02C-H'0000002F 

User break 12 H'0000003Q-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'OOOOOOFC-
vectors) H'OOOOOOFF 

Interrupts IRQO 64 H'OOOOO 1 OQ-H'OOOOO 103 

IRQ1 65 H'000001 04-H'000001 07 

IRQ2 66 H'000001 08-H'000001 OB 

IRQ3 67 H'000001 OC-H'000001 OF 

IRQ4 68 H'0000011Q-H'00000113 

IRQ5 69 H'OOOOO 114-H'00000 117 

IRQ6 70 H'00000118-H'0000011 B 

IRQ7 71 H'0000011C-H'0000011 F 

On-chip 72-255 H'0000012Q-H'00000123 to H'000003FC-
modules* H'OOOOO3FF 

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 me-Jules except the bus state controller (BSe), 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 a/l except BSC, PFC and I/O 

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 (CPO) is stopped (or while the 
CPO is operating during the oscillation settling time) for at least 20 tcyc 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: 

1. Reads the start address (initial PC value) from the exception vector table. 

2. Reads the initial stack pointer value (SP) from the exception vector table. 

3. Clears the vector base register (VBR) to H'OOOOOOOO, and sets interrupt mask bits I3-IO in the 
status register (SR) to H'F (1111 f 
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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 !eye. 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 

Instruction fetch CPU 

Operation 

Instruction fetch from even address 

Instruction fetch from odd address 

Instruction fetch from outside on-chip 
peripheral module space 

Instruction fetch from on-chip peripheral 
module space 

Address Error 

None (normal) 

Address error 

None (normal) 

Address error 

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. 

4.3.2 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: 

1. 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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4.4 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) 

User break User break controller 

IRQ IRQO-IRQ7 pin (external input) 8 

On-chip DMAC 4 

16-bit integrated-timer pulse unit 15 

Serial communications interface 8 

AID converter 

Watchdog timer 

Bus state controller 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. 

4.4.2 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 (13-10) in the SR. In NMI exception 
processing, the priority ranking is 16 but the value 15 (H'F) is stored in 13-10. 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 infonnation 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 

Trap instruction 

Illegal slot 
instruction 

General illegal 
instructions 

Source Instruction Comments 

TRAPA 

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

Undefined code in other than 
delayed slot 

4.5.2 Trap Instruction 

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

1. 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 TRAP A 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: 

I. 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. 

4.5.4 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 Cases in which Exceptions Are Not Accepted 

Exception Source 

Case Address Error Interrupt 

Immediately after delayed branch instruction*1 X X 

Immediately after interrupt-disabled instruction*2 0 X 

X: Not accepted 

0: 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 Stack Status after Exception Processing 

Table 4.10 shows the stack after exception processing. 

Table 4.10 Stack after Exception Processing 

Type 

Address 
error 

Trap 
instruc­
tion 

General 
illegal 
instruc­
tion 

Stack Status 

Address of 
SP .. instruction Upper 16 bits 

after instruc-
tion that has 
finished 
executing 
-------------------

Lower 16 bits 

SR Upper 16 bits 
-------------------

Lower 16 bits 

-- -..... 

--
Address of 

SP .. instruction Upper 16 bits 
afterTRAPA 
instruction 
-------------------

Lower 16 bits 

SR Upper 16 bits 
-------------------

Lower 16 bits 

-- --

--
SP 

Start add-
.. ress of Upper 16 bits 

illegal 
instruction -------------------

Lower 16 bits 

SR Upper 16 bits 
-------------------

Lower 16 bits 

--

Type 

Interrupt 

Illegal 
slot 
instruc­
tion 

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

-- --
Address of 

SP .. instruction Upper 16 bits 
after instruc-
tion that 
has finished 
executing -------------------

Lower 16 bits 

SR Upper 16 bits 
-------------------

Lower 16 bits 

-- --
-- --

Branch 
SP.. destination Upper 16 bits 

address of 
delayed 
branch 
instuction -------------------

Lower 16 bits 

SR Upper 16 bits 
-------------------

Lower 16 bits 

-- --



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 wayan 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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IRQOUT.----------------------------------. 

NM I -+---tIoI 

IRQO-+--~ 

IRQ 1 -+----I>j 

IRQ2 --'--~ 
I RQ3 --i----i>t 

IRQ4 -~-i>t 
I RQ5 --r----i>t 

I RQ6 -+---i>i 
IRQ? -+----I>j 

Input 
control 

UBC 
(Interrupt request) 

DMAC 
(Interrupt request) 

ITU 
1 (Interrupt request) 

SCI 
1 (Interrupt request) 

PRT 
: (Interrupt request) 

AID 
: (Interrupt request) 

WDT 
1 (Interrupt request) 

REF 
1 (Interrupt request) 

ICR 

Module bus 

Priority 
decision 

logic 

IPRA-IPRE 

Bus 

:'----------------' interface 

1 
1 1 
1 1 

~----------------------------------INTC --I 

UBC: User break controller WOT: Watchdog timer 

Interrupt request 

CPU 

DMAe: Direct memory access controller 

ITU: 16-bit integrated-timer pulse unit 

SCI: Serial communications interface 

PRT: Parity control unit of sse 

REF: DRAM refresh control unit of sse 

ICA: Interrupt control register 

AJD: AJD converter 

IPRA-IPRE: Interrupt priority registers A-E 

SA: Status register 

Figure 5.1 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 IROQ-IR07 I Inputs maskable interrupt request signals 

Interrupt request output pin IRQOUT 0 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. RIW Address*2 Initial Value Bus width 

Interrupt priority register A IPRA R/W H5FFFFS4 HOOOO 8, 16,32 

Interrupt priority register S IPRS RIW H'5FFFFS6 HOOOO 8,16,32 

Interrupt priority register C IPRC R/W H5FFFFSS H'OOOO 8,16,32 

Interrupt priority register D IPRD R/W H5FFFFSA H'OOOO 8,16,32 

Interrupt priority register E IPRE RIW H5FFFFSC H'OOOO 8, 16, 32 

Interrupt control register ICR R/W H'5FFFFSE *1 8,16,32 

Note: 1. H'SOOO when pin NMI is high, HOOOO when pin NMI is low. 

2. Only the values of bits A27-A24 and AS-AO are valid; bits A23-A9 are ignored. For 
details on the register addresses, see section S.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 0 is masked. 

5.2.1 NMI Interrupts 

NMI 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-IO) 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 (lRQOS­
IRQ7S) in the interrupt control register (lCR) 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 0-15 for each pin. IRQ interrupt exception processing sets the interrupt mask 
level bits (I3-IO) 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 (lTU) 

• Serial communications interface (SCI) 

• Bus state controller (BSC) 

• AID converter (AID) 

• 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 (lPRC-IPRE). On-chip 
interrupt exception processing sets the interrupt mask level bits (I3-IO) 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 interrupfsource 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 (lPRA-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 Offset in Priority 

Interrupt Source (initial value) numbers) Module No. Vector table Order 

NMI 16 11 H'0000002C-H'0000002F High 

User break 15 12 H'OOOOO030-H'OOOOO033 

IROO 0-15 (0) IPRA (15-12) - 64 H'000001 00-H'000001 03 

IR01 0-15 (0) IPRA (11-8) 65 H'000001 04-H'000001 07 

IR02 0-15 (0) IPRA (7-4) 66 H'000001 08-H'000001 OS 

IR03 0-15 (0) IPRA(3-0) 67 H'000001 OC-H'000001 OF 

1804 0-15 (0) IPRS (15-12) - 68 H'OOOO0110-H'OOOO0113 

IR05 0-15 (0) IPRS (11-8) 69 H'OOOO0114-H'OOOO0117 

IR06 0-15 (0) IPRS (7-4) 70 H'00000118-H'0000011 S 

IR07 0-15 (0) IPRS (3-0) 71 H'0000011 C-H'0000011 F 

DMACO DEIO 0-15 (0) IPRC (15-12) 3 72 H'00000120-H'OOOOO 123 

Reserved 2 73 H'OOOO0124-H'OOOO0127 

DMAC1 DEI1 1 74 H'OOOO0128-H'OOOO012S 

Reserved 0 75 H'OOOO012C-H'OOOO012F 

DMAC2 DEI2 0-15 (0) IPRC (11-8) 3 76 H'00000130-H'OOOO0133 

Reserved 2 77 H'00000134-H'OOOO0137 

DMAC3DEI3 78 H'OOOO0138-H'OOOO013S 

Reserved 0 79 H'OOOO013C-H'OOOO013F 

ITUO IMIAO 0-15 (0) IPRC (7-4) 3 80 H'OOOO0140-H'OOOO0143 

IMISO 2 81 H'OOOO0144-H'OOOO0147 

OVIO 82 H'OOOO0148-H'OOOO014S 

Reserved 0 83 H'0000014C-H'OOOO014F 

ITU1 IMIA1 0-15 (0) IPRC (3-0) 3' 84 H'00000150-H'OOOO0153 

IMIS1 2 85 H'OOOO0154-H'OOOO0157 

OVI1 86 H'OOOO0158-H'OOOO015S 

Reserved 0 87 H'OOOO015C-H'OOOO015F 

ITU2 IMIA2 0-15 (0) IPRD (15-12) 3 88 H'OOOO0160-H'OOOO0163 

IMIS2 2 89 H'OOOO0164-H'00000167 

OVI2 ·90 H'00000168-H'OOOO016S 

Reserved 0 91 H'OOOO016C-H'OOOO016F 
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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'OOOOO 170-H '00000 173 

IMI83 2 93 H'OOOOO 17 4-H '00000 177 

OVI3 94 H'OOOO0178-H'OOOO0178 

Reserved 0 95 H'0000017C-H'OOOO017F 

ITU4 IMIA4 0-15 (0) IPRD (7-4) 3 96 H'OOOO0180-H'OOOO0183 

IMI84 2 97 H'OOOOO 184-H'00000 187 

OVI4 1 98 H'OOOO0188-H'OOOO0188 

Reserved 0 99 H'0000018C-H'OOOO018F 

SCIO ERIO 0-15 (0) IPRD (3-0) 3 100 H'00000190-H'00000193 

RxlO 2 101 H'OOOO0194-H'OOOO0197 

TxlO 1 102 H'00000198-H'OOOO0198 

TEIO 0 103 H'0000019C-H'0000019F 

SCI1 ERI1 0-15 (0) IPRE (15-12) 3 104 H'OOOOO 1 Ao-H'OOOOO 1 A3 

Rxl1 2 105 H'OOOOO 1 A4-H'OOOOO 1 A 7 

Txl1 106 H'000001 A8-H'000001 A8 

TEI1 0 107 H'000001 AC-H'000001 AF 

PRT*1 PEl 0-15 (0) IPRE (11-8) 3 108 H'000001 80-H'000001 B3 

AID ITI 2 109 H'000001 B4-H'000001 87 

Reserved 110 H'000001 88-H'000001 88 

Reserved 0 111 H'000001 BC-H'000001 BF 

WDT ITI 0-15 (0) IPRE (7-4) 3 112 H'OOOOO 1 Co-H'000001 C3 

REF*2 CMI 2 113 H'000001 C4-H'000001 C7 

Reserved 114 H'000001 C8-H'000001 CB 

Reserved 0 115 H'OOOOO 1 CC-H'OOOOO 1 C F 

Reserved 116 H'000001 Do-H'000001 03 
to to 
255 H'000003FC-H'000003FF Low 

Notes: 1. PRT: Parity control unit of bus state controller. 
2. REF: DRAM refresh control unit of bus state controller. 
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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 
Initial value: 0 0 0 0 0 0 0 0 

R1W: RIW RfW RIW RIW RIW RIW RfW RIW 

Bit: 7 6 5 4 3 2 0 

Bit name: I 
Initial.value: 0 0 0 0 0 0 0 0 

RfW: RIW RfW RIW RIW RIW RIW RfW RIW 

Table 5.4 Interrupt Request Sources and IPRA-IPRE 

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

IPRA IROO IR01 IR02 IR03 

IPRB IR04 IR05 IR06 IR07 

IPRC DMACO, DMAC1 DMAC2, DMAC3 ITUO ITU1 

IPRD ITU2 ITU3 ITU4 SCIO 

IPRE SCI1 PRT*1, AID 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 O. Always write 0 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'O (0000) to H'F (1111). Setting H'O gives interrupt priority 
level 0 (the lowest). Setting H'F gives level 15 (the highest). When two on-chip peripheral 
modules are assigned to the same bits (DMACO and DMACl, or DMAC2 and DMAC3, or the 

parity control unit and the AID 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'OOOO. They are not 
initialized by the standby mode. 

5.3.2 Interrupt Control Register (lCR) 

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. 

Bit: 15 14 13 12 11 10 9 8 

Bit name: I NMIL NMIE 

Initial value: 0 0 0 0 0 0 0 

R1W: R RIW 

Bit: 7 6 5 4 3 2 1 0 

Bit name: I IROOS IR01S IR02S IR03S IR04S IR05S IRQ6S IR07S 

Initial value: 0 0 0 0 0 0 0 0 

RIW: RIW RIW RIW RIW RIW RIW RfW RIW 

Note: When NMI input is high: 1; when NMI input is low: 0 

• 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 

o NMI input level is low 

NMI input level is high 

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

• 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 

o Interrupt is requested on falling edge of NMI input (initial value) 

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-IRQ7S Description 

o Interrupt is requested when IRQ input is low (initial value) 

Interrupt is requested on falling edge of IRQ input 

5.4 Interrupt Operation 

5.4.1 Interrupt Sequence 

The sequence of interrupt operations will be explained below. Figure S.2 is a flowchart of the 
operations up to acceptance of the interrupt. 

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

2. 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 (lPRA-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. 

3. The interrupt controller compares the priority level of the selected interrupt request with the 
interrupt mask level bits (13-10) 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. 

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

S. 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. 

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

7. The priority level of the accepted interrupt is copied to the interrupt mask level bits (13-10) in 
the status register (SR). 

8. 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 (S) 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. 

9. 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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13 to 10 : Interrupt mask bits of status register 

Notes: 1. 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. If the 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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5.4.2 Stack after Interrupt Exception Processing 

Figure 5.3 shows the stack after interrupt exception processing. 

Address 

4n-8 PC*2 Upper 16 bits <J SP*3 
---------------------------

4n-6 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. 

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 

Item 
NMI or On-Chip 
Interrupt 

Interrupt priority decision 2 
and comparison with SR 
mask bit 

Wait for completion of X (~O) 
sequence currently being 
executed by CPU 

Time from interrupt 5 + m 1 + 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+m1 +m2+m3 
response Minimum 10 

Maximum 11 + 2(m 1 + m2 + 
m3) + m4 

IRQ 

3 

8 + m1 + m2 + m3 

11 

12 + 2(m 1 + m2 + 
m3) + m4 

Notes 

The longest sequence isthe 
interrupt or address error 
exception processing 
sequence: X = 4 + m1 + m2 + 
m3 + m4. If an interrupt­
masking instruction follows, 
however, the time may be 
longer. 

0.50-0.55 ~s at 20 MHz 

(m1 = m2 = m3 = m4) 0.90-
0.95 ~s 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 
interrupt exception processing) 

Overrun fetch 

First instruction of interrupt 
service rountine 

I Interrupt acceptance I 
5 + m1 + m2 + m3 

33m 1 m2 1 m3 1 I 

F 

When m1 = m2= m3 = 1, the 
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 

76 HITACHI 



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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Module bus 

Break condition comparator 

User break 
interrupt 

generating 
circuit 

Bus 
interface 

L---UBC--------------------------------

BAAH, BAAL: Break address registers Hand L 

BAMAH, BAMAL: Break address mask registers Hand L 

BBA: Break bus cycle register 

Interrupt request 

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. RIW Address· Value Bus width 

Break address register high BARH RIW H'5FFFF90 H'OOaa 8, 16,32 

Break address register low BARL RIW H'5FFFF92 H'OOaa 8, 16, 32 

Break address mask register high BAMRH RIW H'5FFFF94 H'OOOa 8, 16, 32 

Break address mask register low BAMRL RIW H'5FFFF96 H'OOaa 8, 16, 32 

Break bus cycle register BBR RIW H'5FFFF98 H'OOaa 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 R (BARR) and break address 

register L (BARL)-that together form a single group. Both are 16-bit read/write registers. BARR 

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 BARR and BARL to 

R'OOOO. Neither is initialized in standby mode. 

BARH: Break address register H. 

Bit: 15 14 13 12 11 10 9 8 

Bit name: I BA31 BA30 BA29 BA28 BA27 BA26 BA25 BA24 

Initial value: 0 0 0 0 0 0 0 0 

RIW: RIW RIW RIW RIW RIW RIW RIW RIW 

Bit: 7 6 5 4 3 2 0 

Bit name: I BA23 BA22 BA21 BA20 BA19 BA18 BA17 BA16 

Initial value: 0 0 0 0 0 0 0 0 

RIW: RIW RIW RIW RIW RIW RIW RIW RIW 

• BARH Bits 15-0 (break address 31-16 (BA31-BAI6»: 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. 

Bit: 15 14 13 12 11 10 9 8 

Bit name: I BA15 BA14 BA13 BA12 BA11 BA10 BA9 BA8 

Initial value: 0 0 0 0 0 0 0 0 

RIW: RIW RIW RIW RIW RIW RIW RIW RIW 

Bit: 7 6 5 4 3 2 1 0 

Bit name: I BA7 BA6 BA5 BA4 BA3 BA2 BA1 BAO 

Initial value: 0 0 0 0 0 0 0 0 

RIW: RIW RIW RIW RIW RIW RIW RIW RIW 

• BARL Bits 15-0 (break address 15-0 (BAI5-BAO»: BAI5-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'OOOO. They are not initialized in the standby mode. 

BAMRH: Break address mask register H. 

Bit: 15 14 13 12 11 10 9 8 

Bit name: I BAM31 \ BAM30 I BAM29 \ BAM28 I BAM27 I BAM26 \ BAM25 \ BAM24 I 
Initial value: 0 0 0 0 0 0 0 0 

RIW: RIW RIW RIW RIW RIW RIW RIW RIW 

Bit: 7 6 5 4 3 2 1 0 

Bit name: \ BAM23 \ BAM22 \ BAM21 I BAM20 I BAM19 I BAM18 I BAM17 \ BAM16 I 
Initial value: 0 0 0 0 0 0 0 0 

R1W: RIW RIW RIW RIW RIW RIW RIW RIW 

• BAMRH bits 15-0 (break address mask 31-16 (BAM31-BAM16»: BAM31-BAMI6 specify 
whether bits BA31-BA 16 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: I BAM15 I BAM14 I BAM13 I BAM12 I BAM11 I BAM10 I BAM9 BAM8 

Initial value: 0 0 0 0 0 0 0 0 

RIW: RIW RIW RIW RIW RIW RIW RIW RIW 

Bit: 7 6 5 4 3 2 1 0 

Bit name: I BAM7 BAM6 BAM5 BAM4 BAM3 BAM2 BAM1 BAMO 

Initial value: 0 0 0 0 0 0 0 0 

RIW: RIW RIW RIW RIW RIW RIW RIW RIW 

• BAMRL bits 15-0 (break address mask 15-0 (BAMI5-BAMO»: BAMI5-BAMO specify 

whether bits BAI5-BAO of the break address set in BARH are masked or not. 

Bits 15-0: BAMn Description 

o Break address bit BAn is included in the break condition (initial value) 

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'OOOO. It is not initialized in the standby mode. 
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Bit: 15 14 13 12 11 10 9 8 

Bit name: I 
Initial value: 0 0 0 0 0 0 0 0 

R1W: 

Bit: 7 6 5 4 3 2 1 0 

Bit name: I C01 COO 101 100 RW1 RWO SZ1 SZO 

Initial value: 0 0 0 0 0 0 0 0 

R1W: RIW RIW RIW RIW RIW RIW RIW RIW 

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

• Bits 7 and 6 (CPU cycle/DMA cycle select (CDI and CDO»: CDI and CDO select whether to 
break on CPU and/or DMA bus cycles. 

Bit 7: CD1 Bit 6: COO Description 

o o No break interrupt occurs (initial value) 

Break only on CPU cycles 

o Break only on OMA cycles 

Break on both CPU and OMA cycles 

• Bits 5 and 4 (instruction fetch/data access select (ID 1, IDO»: ID 1, IDO select whether to break 
on instruction fetch and/or data access bus cycles. 

Bit 5: 101 Bit 4: IDO Description 

o o No break interrupt occurs (initial value) 

Break only on instruction fetch cycles 

o Break only on data access cycles 

Break on both instruction fetch and data access cycles 
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• Bits 3 and 2 (read/write select (RWl, RWO»: RWl, RWO select whether to break on read 
and/or write access cycles. 

Bit 3: RW1 Bit 2: RWO Description 

o o No break interrupt occurs (initial value) 

Break only on read cycles 

o Break only on write cycles 

Break on both read and write cycles 

• Bits 1 and 0 (operand size select (SZI, SZO»: SZI, SZO select bus cycle operand size as a break 
condition. 

Bit 1: SZ1 Bit 0: SZO Description 

o o Operand size is not a break condition (initial value) 

Break on byte access 

o Break on word access 

Break on long word access 

Note: When setting to break on an instruction fetch, set the SZO bit to O. 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/OMAC 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 cyclelDMA cycle select bits (CDI, CDO), instruction 
fetch/data access select bits (lDI, IDO), read/write select bits (RWI, RWO» is set to 00 (no 
user break interrupt), there will be no user break even when all other conditions 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-IO in the status register (SR) is 14 or lower. When the I3-IO 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-IO to level 15, so a user 
break cannot occur during the NMI service routine unless the NMI service routine itself 
begins by reducing I3-IO 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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Internal address ___ ~.....,..---/ 
bits 31-0 

CPU cycle --+---~ 

DMA cycle --------i 

Instruction fetch --+---~ 

Data access -----~ 

Read cycle --+-------1 

Write cycle -----~ 

Byte size --+---r-~ 

Word size ---+---+-----1 

Long word size -----~ 

Figure 6.2 Break Condition Logic 

32 

User 
break 
interrupt 
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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 (CPUIDMAC): 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'OOOO, 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'OOA8, BARL = H'0391, BBR = H'0066 

Conditions set: Address = H'OOA80391, 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 = H'BCDC, BBR = H'OOA 7 

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.S Notes 

6.5.1 On-Chip Memory Instruction Fetch 

Two instructions are simultaneously fetched from on-chip memory. If a breakcondition 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 TRAP A 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. 

88 HITACHI 



Section 7 Clock Pulse Generator 

7.1 Overview 

The SH microcomputer has a built-in clock pulse generator (CPO) that supplies the LSI and 

external devices with a clock pulse. The CPO makes the LSI run at the oscillation frequency of the 

crystal resonator. The CPO consists of an oscillator and a duty cycle correcting circuit (figure 7.J ). 
The CPO can be made to generate a clock signal by connecting it to a crystal resonator or by 
inputting an external clock. (The CPO is halted in standby mode.) 

--------------------------- CPG --, 

XTAL 

EXTAL 

CK 
System clock 

.. .. 
Oscillator 

.. 

~I 

Duty correcting -----. I .. 

circuit 
r 

Figure 7.1 Block Diagram of the Clock Pulse Generator 

7.2 Clock Source 

Internal 
clock (cp) 

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

7.2.1 Connecting 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 (eLl and CL2) 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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CL1 

EXTAL I--------r---II h c6 'm-
RAd T CL2 

XT AL l----'\yAAy '---'---11 ~ 

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 o o o 

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. 

XTAL EXTAL 

Figure 7.3 Crystal Resonator Equivalent Circuit 

Table 7.2 Crystal Resonator Parameters 

Frequency (MHz) 

Parameter 2 4 8 12 16 20 

Rs max [Q] 500 120 80 60 50 40 

Co max [pF] 7 7 7 7 7 7 

Value to be determined (TBO) 

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 wavefonn of the external clock input are given below. Make the external 

clock frequency the same as the system clock (CK). 
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Open J' /'*,,'----1 XTAL 

External clock input JLJUl---i~ EXTAL 

Figure 7.4 External Clock Input Method 

1/2 Vee 

I, 

VIL 

~ 

Figure 7.5 Input Clock Waveform 

Table 7.3 Input Clock Specifications 

tEXH/L (112 Vee 
standard) 

7.3 Usage Notes 

5 V Specifications 
(fmax = 20 MHz) 

Max=5 

Min = 10 

3.3 V Specifications 
(fmax = 12.5 MHz) Units 

Max = 10 ns 

Min = 20 ns 

Board Design: When designing the board, place the crystal resonator and its load capacitors as 
close as possible to the XT AL and EXT AL pins. Route no other signal lines near the XT AL and 
EXT AL 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 5 MHz, but AC characteristics for the high-level 
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pulse width (tcH) and low-level pulse width (teL) 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. 
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Figure 7.6 Precaution on Oscillator Circuit Board Design 
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Figure 7.7 Duty Cycle Correction Circuit Standard Characteristics 



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 

- Odd parity/even parity selectable 

- Interrupt request generated for parity error (PEl 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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1 

1 
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1 

I 

RD <J----t---I 

WRH, WRL ~---+---l 

Wait control I.---r---i 
unit-

HBS, LBS 4--+--l----l Area control 
AH unit 

CS7 to csa <I--'--~-l 

CASH, CASL 4--r---+---I 

RAS 4--:'----:---1 

1 

CMI interrupt request 1 

D PH, DP L4----:-, --r---t>I 
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PEl interrupt request I 

DRAM 
control 

unit 

Parity control 
unit 

1 

1 

I 
1 

1 

I 
1 

1 

1 

1 

1 1--------_______ 1 : 

1 1 l _______________________________________ ~ 

WCR: Wait state control register 

SCR: Sus control register 

DCA: DRAM area control register 

RCA: Refresh control register 

RTCSA: Refresh timer control/status register 

RTCNT: Refresh timer counter 

RTCOA: Refresh time constant register 

PCR: Parity control register 

Figure 8.1 BSC Block Diagram 
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8.1.3 Pin Configuration 

Table 8.1 shows the BSC pin configuration. 

Table 8.1 Pin Configuration 

Name 

Chip select 7-0 

Read 

High write 

Low write 

Write 

High byte strobe 

Low byte strobe 

Row address strobe 

High column address 
strobe 

Low column address 
strobe 

Address hold 

Wait 

Address bus 

Data bus 

Data bus parity high 

Data bus parity low 

Abbreviation 

CS7-GSO 

RD 

WRH 

WRL 

WR*1 

HBS*2 

LBS*3 

RAS 

CASH 

CASL 

AH 

WAIT 

A21-AO 

AD15-ADO 

DPH 

DPL 

va 
0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

I/O 

I/O 

I/O 

Function 

Chip select signal that indicates the area being 
accessed 

Strobe signal that indicates the read cycle 

Strobe signal that indicates write cycle to upper 8 bits 

Strobe signal that indicates write cycle to lower 8 bits 

Strobe signal that indicates write cycle 

Strobe signal that indicates access to upper 8 bits 

Strobe signal that indicates access to lower 8 bits 

DRAM row address strobe signal 

Column address strobe signal for accessing the upper 
8 bits of the DRAM 

Column address strobe signal for accessing the lower 
8 bits of the DRAM 

Signal for holding the address for address/data 
multiplexing 

Wait state request signal 

Address output 

Data I/O. During address/data multiplexing, address 
output and data input/output. 

Parity data I/O for upper byte 

Parity data I/O for lower byte 

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

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

3. Doubles with the WRH pin. (Selected by the BAS bit of the BeA. See section 8.2.1, Bus 
Control Register, for details. 

8.1.4 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. RIW Initial Value Address*1 Bus width 

Bus control register BCR RIW H'OOOO H'SFFFFAO 8,16,32 

Wait state control register 1 WCR1 RIW H'FFFF H'SFFFFA2 8,16,32 

Wait state control register 2 WCR2 RIW H'FFFF H'SFFFFA4 8,16,32 

Wait state control register 3 WCR3 RIW H'F800 H'SFFFFA6 8,16,32 

DRAM area control register OCR RIW H'OOOO H'SFFFFA8 8,16,32 

Parity control register PCR RIW H'OOOO H'SFFFFAA 8,16,32 

Refresh control register RCR RIW H'OOOO H'SFFFFAC 8,16,32*2 

Refresh timer control/status register RTCSR RIW H'OOOO H'SFFFFAE 8,16,32*2 

Refresh timer counter RTCNT RIW H'OOOO H'SFFFFBO 8,16,32*2 

Refresh time constant register RTCOR RIW H'OOFF H'SFFFFB2 8,16,32*2 

Notes: 1. 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. 

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 LSls 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 110 
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'OOOO 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 

Bit name: I DRAME I IDE I WARP I RDDTY I BAS 

Initial value: 0 0 0 0 0 0 0 0 

RIW: RIW RIW RIW RIW RIW 

Bit: 7 6 5 4 3 2 0 

Bit name: I 
Initial value: 0 0 0 0 0 0 0 0 

R1W: 

• 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 

o Area 1 is external memory space (initial value) 

Area 1 is a DRAM space 
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• Bit 14 (multiplexed I/O enable bit (lOE»: IOE selects whether area 6 is used as external 
. memory space or an address/data multiplexed I/O area. 0 sets it for external memory space and 
1 sets it for address/data multiplexed I/O space. With address/data multiplexed 110 space, 
address and data are multiplexed and input/output is from AD IS-ADO. 

Bit 14: IOE Description 

o Area 6 is external memory space (initial value) 

Area 6 is an address/data multiplexed I/O area 

• Bit 13 (warp mode bit (WARP»: WARP selects warp or normal mode. 0 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 

o 
Description 

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

Warp mode: External and internal accesses are simultaneously 
performed 

• Bit 12 (RD duty (RDDTY»: RDDTY selects 3S% or SO% of the TI state as the high-level duty 
cycle ratio of signal RD. 0 sets it for SO%, 1 sets it for 3S%. Only set to 1 when the operating 
frequency is a minimum of 10 MHz. 

Bit 12: RDDTY Description 

o RD signal high-level duty cycle is 50% of T1 state (initial value) 

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 AO, or LBS, WR and HBS during word space accesses. When this bit is cleared to 0, 
WRH, WRL, and AO signals are valid; when set to 1, LBS, WR, and HBS, signals are valid. 

Bit 11: BAS Description 

o WRH, WRL, and AO enabled (initial value) 

LBS, WR, and HBS enabled 

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

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. WCR 1 is initialized to H'FFFF by a 
power-on reset. It is not initialized by a manual reset or by the standby mode. 

Bit: 15 14 13 12 11 10 9 8 

Bit name: I RW7 RW6 RW5 RW4 RW3 RW2 RW1 RWO 

Initial value: r 1 1 1 1 1 1 1 

RIW: RIW RIW RIW RIW RIW RIW RIW RIW 

Bit: 7 6 5 4 3 2 0 

Bit name: I WW1 

Initial value: 1 

RIW: RIW 

• Bits 15-8 (wait state control during read (RW7-RWO»: 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 RWI bit is 0, and in 2 states plus the WAIT signal value (long pitch) when RWlis 1. 

When RWI is set to 1, the number of wait states selected in wait state insertion bits 1 and ° 
(RLWO and RLWl) 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 RW5 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 RWO 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 

Bits 15-8: 
RW7-RWO 

° 

External Memory Space 

WAIT Pin 
Input External Memory 
Signal Space 

Not • Areas 1, 3-5,7: 1 
sampled state, fixed 
during Areas 0, 2, 6: 1 state 
read + long wait state 
cycle*1 

Sampled Areas 1, 3-5, 7: 2 
during states + wait states 
read cycle from WAIT 

(initial Areas 0, 2, 6: 1 state 
value) + long wait state + 

wait state from WAIT 

DRAM Space 

Column add-
ress cycle: 1 
state, fixed 
(short pitch) 

Column address 
cycle: 2 states + 
wait state from 
WAIT (long 
pitch)*2 

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

Multi­
Plexed 
110 

Internal space 

On-Chip On-Chip 
Peripheral ROM and 
Module RAM 

4 states 3 states, 1 state, 
fixed + wait fixed 

states 
from 
WAIT 

2. During a CSR 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 (WWl): WWl detennines 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 WWI to 0 makes the column address output cycle finish in 1 states (short pitch). When 
WWI is set to 1, it finishes in 2 states plus the wait states from the WAIT signal (long pitch). 

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

Bit 1: WW1 DRAM Space (DRAME = 1) 

o Column address cycle: 1 state (short pitch) 

Column address cycle: 2 states + wait state 
from WAIT (long pitch) (initial value) 

Area 1's External Memory Space 
(DRAME = 0) 

Setting inhibited 

2 states + wait state from WAIT 

• 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. 

Bit: 15 14 13 12 11 10 9 8 

Bit name: I DRW71 DRW6 DRW5 DRW4 DRW3 I DRW2
1 

DRW1 I DRWO I 
Initial value: 1 1 1 1 

RIW: RIW RIW RIW RIW RIW RIW RIW RIW 

Bit: 7 6 5 4 3 2 1 0 

Bit name: I DWW7! DWW6! DWW51 DWW41 DWW3! DWW2! DWW1 I DWwol 

Initial value: 1 1 1 1 1 1 1 1 

RIW: RIW RIW RIW RIW RIW RIW RIW RIW 

• Bits 15-8 (wait state control during single-mode DMA transfer (DRW7-DRWO»: 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 DRWI bit is 0, and in 2 states plus the wait states from the WAIT signal (long pitch) 
when DRWI is 1. The single-mode DMA memory read cycle of the address/data multiplexed 
110 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. 

102 HITACHI 



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 
Signal 

Multiplexed 
VO DRW7-DRWO External Memory Space DRAM Space 

° Not sampled during 
single-mode DMA 
memory read cycle* 

Sampled during 
single-mode DMA 
memory read cycle 
(initial value) 

Areas 1, 3-5,7: 1 state, 
fixed 

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

Areas 1, 3-5, 7: 2 states 
+ wait states from WAIT 

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

Column address 4 states + 
cycle: 1 state, wait states 
fixed (short from WAIT 
pitch) 

Column address 
cycle: 2 states + 
wait state from 
WAIT (long 
pitch) 

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

• Bits 7-0 (single-mode DMA memory write wait state control (DWW7-DWWO»: 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-DRWO), for details. 
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Table 8.5 summarizes single-mode DMA memory write cycle state information. 

Table 8.S 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 
DWW7-DWWO Signal 

o Not sampled during 
single-mode DMA 
memory write cycle* 

Sampled during 
single-mode DMA 
memory write cycle 
(initial value) 

External Memory 
Space 

Areas 1, 3-5,7: 1 state, 
fixed 

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

Multiplexed 
DRAM Space va 
Column address 4 states + 
cycle: 1 state, wait state 
fixed (short from WAIT 
pitch) 

Areas 1,3-5,7: 2 states Column address 
+ wait state from WAIT cycle: 2 states + 
Areas 0, 2, 6: 1 state + wait state from 
long wait state + wait WAIT (long pitch) 

state from WAIT 

Note: Sampled in the addressldata multiplexed liD 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. 

Bit: 15 14 13 12 11 10 9 8 

Bit name: I WPU !A02LW1!A02LWO! A6LW1 ! A6LWO , -, 

Initial value: 1 1 1 1 1 0 0 0 

RIW: RIW RIW RIW RIW RIW 

Bit: 7 6 5 4 3 2 0 

Bit name: I 
Initial value: 0 0 0 0 0 0 0 0 

RIW: 
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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 I, it is pulled up. 

Bit 15: WPU Description 

o WAIT pin is not pulled up 

WAIT pin is pulled up (initial value) 

• Bits 14 and 13 (long wait insertion in areas 0 and 2, bits 1,0 (A02LWI and A02LWO»: 
A02LWI and A02LWO select the long wait states to be inserted (1-4 states) when accessing 
external memory space of areas 0 and 2. 

Bit 14: A02LW1 Bit 13: A02LWO Description 

o o Inserts 1 state 

Inserts 2 states 

o Inserts 3 states 

Inserts 4 states (initial value) 

• Bits 12 and 11 (long wait insertion in area 6, bits 1, 0 (A6L WI and A6L WO»: A6L WI 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: A6LWO Description 

o 0 Inserts 1 state 

Inserts 2 states 

o Inserts 3 states 

Inserts 4 states (initial value) 

• Bits 10-0 (reserved): Thesebits always read as O. The write value should always be O. 

8.2.5 DRAM Area Control Register (DCR) 

The DRAM area control register (DCR) is a I6-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'OOOO by a power-on reset, but is not initialized by a manual reset or by the standby 
mode. 
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Bit: 15 14 13 12 11 10 9 8 

Bit name: I CW2 RASD TPC BE CDTY MXE MXC1 MXCO 

Initial value: 0 0 0 0 0 0 0 0 

RIW: RIW RIW RIW RIW RIW RIW RIW RIW 

Bit: 7 6 5 4 3 2 0 

Bit name: I 
Initial value: 0 0 0 0 0 0 0 0 

RfW: 

. Bit 15 (dual-CAS or dual-WE select bit (CW2»: When accessing a I6-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 

o Dual-CAS: CASH, CASL, and WRL signals are valid (initial value) 

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 

o 
Description 

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

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

oBit 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 I-state precharge cycle is inserted; 

when 1 is set, a 2-state precharge cycle is inserted. 

Bit 13: TPC Description 

o Inserts 1-state precharge cycle (initial value) 

Inserts 2-state precharge cycle 
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• Bit 12 (burst operation enable (BE»: BE selects whether or not to perfonn 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 perfonned. When 

burst operation is selected (1), row addresses are compared and burst operation with the same 

row address as the previous is perfonned (in this access, no row address is output and the 

column address and CAS signal alone are output). 

Bit 12: BE Description 

o Normal mode: full access (initial value) 

Burst operation: high-speed page mode 

• Bit 11 (CAS duty (CDTY»: CDTY selects 35% or 50% of the TC 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 

o CAS signal high level duty cycle is 50% of the Testate (initial value) 

CAS signal high level duty cycle is 35% of the Testate 

• Bit 10 (multiplex enable bit (MXE»: MXE detennines 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 

o Multiplex of row and column addresses disabled (initial value) 

Multiplex of row and column addresses enabled 
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oBits 9 and 8 (multiplex shift count 1 and 0 (MXCI and MXCO»: 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. 

Bit 9: Bit 8: Row Address Shift Row Address Bits Compared (in burst operation) 
MXC1 MXCO (MXE = 1) (MXE = 0 or 1) 

0 0 8 bits (initial value) A8-A27 (initial value) 

1 9 bits A9-A27 

0 10 bits A1Q-A27 

Reserved Reserved 

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

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'OOOO by a power-on reset, but is not initialized by a manual reset or by the standby 
mode. 

To prevent RCR from being written incorrectly, it must be written by a different method from 
most other registers. A word transfer operation is used, H'5A 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 

Bit name: I 
Initial value: 0 0 0 0 0 0 0 0 

R1W: 

Bit: 7 6 5 4 3 2 0 

Bit name: I RFSHE I RMODE I RLW1 RLWO 

Initial value: 0 0 0 0 0 0 0 0 

R1W: RIW RIW RIW RIW 

• Bit 15-8 (reserved): These bits always read as O. 
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• Bit 7 (refresh control (RFSHE»: RFSHE detennines 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 I, DRAM refresh 
control is perfonned. 

Bit 7: RFSHE 

o 
Description 

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

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 perfonned at the cycle set in the refresh timer control/status 
register (RTCSR) and refresh time constant register (RTCOR). When set to I, 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 I. 

Bit 6: RMODE Description 

o CAS-before-RAS refresh (initial value) 

Self-refresh 

Bits 5 and 4--Insert wait states during CBR refresh bits 1 and 0 (RLWI, RLWO): 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 RWI bit ofWCRI is set to I, the number of wait states selected in the RLWI 
and RLWO is inserted regardless of the WAIT signal. When the RWI bit is cleared to 0, the 
RLWI and RLWO bit settings are ignored and no wait states are inserted. 

Bit 5: RLW1 Bit 4: RLWO Description 

o o Inserts 1 state (initial value) 

Inserts 2 states 

o Inserts 3 states 

Inserts 4 states 

Bits 3-0 (reserved): These bits always read as O. The write value should always be O. 
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S.2.7 Refresh Timer Control/Status Register (RTCSR) 

The refresh timer control/status register (RTCSR) is a I6-bit read/write register that selects the 
clock input to refresh timer counter (RTCNT) and controls compare match interrupts (CM!). It is 
initialized to H'OOOO 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'A5 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 

Bit name: I 
Initial value: 0 0 0 0 0 0 0 0 

R1W: 

Bit: 7 6 5 4 3 2 0 

Bit name: I CMF CMIE CKS2 CKS1 CKSO 

Initial value: 0 0 0 0 0 0 0 0 

R1W: RIW RIW RIW RIW RIW 

• 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 ofRTCNT and RTCOR do not match; 
when 1, the value ofRTCNT and RTCOR match. 

Bit 7: CMF Description 

o 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 

Value RTCNT is equal to the value of RTCOR 

• Bit 6 (compare match interrupt enable (C~lIE»: 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 

o Compare match interrupt request (CMI) is disabled (initial value) 

Compare match interrupt request (CMI) is enabled 
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• Bits 5-3 (clock select bits 2-0 (CKS2-CKSO»: These bits select the clock input to RTCNT 
from among the seven types of clocks created by dividing the system clock (<1». When the input 
clock is selected with the CKS2-CKSO bits, RTCNT starts to increment. 

Bit 5: CKS2 Bit 4: CKS1 Bit 3: CI(SO Description 

0 0 0 Clock input disabled (initial value) 

<1>/2 

0 <1>/8 

<1>/32 

0 0 <1>/128 

<1>/512 

0 <1>/2048 

<1>/4096 

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

8.2.8 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-CKSO) 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'OOOO 

and the CMF flag of the RTCSR is set to 1. When the RFSHE bit of the RCR is also set to 1, a 
CAS-before-RAS refresh is performed. When the CMIE bit of the RTCSR is also set to 1, a 
compare match interrupt (eMI) is generated. 

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

RTCNT is initialized to H'OOOO 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 

Bit name: I 
Initial value: 0 0 0 0 0 0 0 0 

R1W: 

Bit: 7 6 5 4 3 2 0 

Bit name: I 
Initial value: 0 0 0 0 0 0 0 0 

R1W: RIW RNJ RIW RIW RIW RIW RNJ RIW 

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'OOOO. 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 I, a compare match interrupt (CM!) 
is generated. 

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

RTCOR is initialized to H'OOFF 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 writt~n in the lower byte. For details, see section 8.2.11, Notes on Register Access. 

Bit: 15 14 13 12 11 10 9 8 

Bit name: I 
Initial value: 0 0 0 0 0 0 0 0 

R1W: 

Bit: 7 6 5 4 3 2 0 

Bit name: I 
Initial value: 1 1 1 1 1 1 1 1 

R1W: RIW RNJ RIW RIW RIW RIW RNJ RIW 
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8.2.10 Parity Control Register (peR) 

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'OOOO 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 

Bit name: I PEF PFRC PEO I PCHK1 I PCHKO I 
Initial value: 0 0 0 0 0 0 0 0 

RIW: RIW RIW RIW RIW RIW 

Bit: 7 6 5 4 3 2 0 

Bit name: I 
Initial value: 0 0 0 0 0 0 0 0 

RIW: 

• 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 

o No parity error (initial value). 

Cleared by reading PEF after it has been set to 1, then writing 0 in PEF. 

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 

o Parity output not forced (initial value) 

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 

o Even parity (initial value) 

Odd parity 

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

Bit 12: PCHI(1 Bit 11: PCHI<O Description 

o o Parity not checked and not generated (initial value) 

Parity checked and generated only in DRAM area 

o Parity checked and generated in DRAM area and area 2 

Reserved 

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

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'SA 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. 

15 8 7 0 

RCR 1~ _________ H_'5_A __________ I~ ______ w __ rit_e_d_a_ta ______ ~1 
15 8 7 0 

RTCSR 1~ _________ H_'A_5 __________ I~ ______ w __ rit_e_d_a_ta ______ ~1 
15 8 7 0 

RTCNT 1~ _________ H_'_69 __________ I~ ______ w __ rit_e_d_a_ta ______ ~1 
15 8 7 0 

RTCOR ~I _________ H_'_96 __________ �~ ______ w __ rit_e_d_a_ta ______ ~1 

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'OO. 
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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. 

I 
i<l------------ 4 Gbyte space -------------....p.t.,.1 
I I I 
: : .. II1II---------- 128 Mbyte space ~ 

:: 16 Mbyte space -------IJoI~: 

:: 4 Mbyte space ------1 .. ~: 
I I I 

A26-A24 A21 

Output address: 
Output from address pins 
A21-AO 

AO 

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 CSO-CS7 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'OOOOOOO-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-AO), 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 (CSO-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'OOOOOOO - H'OFFFFFF On-chip ROM*1 64 kB 32 

External memory*2 4MB 8/16*3 CSO 

H'1 000000 - H'1 FFFFFF External memory 4MB 8 CS1 

DRAM*4 16 MB 8 RAS CAS 

2 H'2000000 - H'2FFFFFF External memory 4MB 8 CS2 

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

4 H'4000000 - H'4FFFFFF External memory 4MB 8 CS4 

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

6 H'6000000 - H'6FFFFFF External memory*? 4MB 8/16*6 CS6 

Multiplexed I/O 4MB 

7 H'7000000 - H'7FFFFFF External memory 4MB 8 CS7 

0 H'8000000 - H'8FFFFFF On-chip ROM*1 64 kB 32 

External memory*2 4MB 8/16*3 CSO 

H'9000000 - H'9FFFFFF External memory 4MB 16 CS1 

DRAM*4 16 MB 16 RAS CAS 

2 H'AOOOOOO - H'AFFFFFF External memory 4MB 16 CS2 

3 H'BOOOOOO - H'BFFFFFF External memory 4MB 16 CS3 

4 H'COOOOOO - H'CFFFFFF External memory 4MB 16 CS4 

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

6 H'EOOOOOO - H'EFFFFFF External memory 4MB 16 CS6 

7 H'FOOOOOO - H'FFFFFFF On-chip RAM 8kB*8, 4 kB*9 32 

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

3. Select with MDO pin 

4. Select with DRAME bit in BCR 

5. 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.) 

6. Divided into 8-bit space and 16-bit space by value of address bit A 14 

7. Select with IOE bit of BCR 

8. For SH7032 

9. For SH7034 
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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 I, the size is 16 bits and data is input/output through the ADI5-
ADO pins for word accesses. For byte access, the top byte is input/output through ADI5-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 5 is an 8-bit on-chip peripheral module space when the A27 bit and A8 bit are both 0 and a 
16-bit on-chip peripheral module space when the A27 bit is 0 and the A8 bit is 1. When the A27 

bit is 1, it is a 16-bit external memory space. 

• Area 6 is an 8-bit bus width when the A27 bit and AI4 bit are both 0 and a 16-bit bus width 
when the A27 bit is 0 and the A14 bit is l. When the A27 bit is 1, it is a 16-bit space. 

• Area 7 is a 32-bit on-chip RAM space when the A27 bit is 1 and an 8-bit external memory space 
when the A27 bit is o. 

Word (16-bit) data accessed from 8-bit bus areas and longword (32-bit) data accessed from 16-bit 
bus areas require two consecutive accesses. Longword (32-bit) data accessed from 8-bit bus areas 

requires four consecutive accesses. 

8.3.3 Chip Select Signals (CSO-CS7) 

When the A26-A24 bits of the address are decoded, they become chip select signals (CSO-CS7) 
for areas 0-7. When an area is accessed, the corresponding chip select pins are driven low. Table 
8.7 shows the relationship between the A26-A24 bits and the chip select signals. 
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Table 8.7 A26-A24 Bits and Chip Select Signals 

Address 

A26 A25 A24 Area Selected Chip Select Pin Driven Low 

0 0 0 Area 0 eso 

1 Area 1 eS1 

0 Area 2 eS2 

Area 3 eS3 

0 0 Area 4 eS4 

Area 5 eS5 

0 Area 6 eS6 

Area 7 eS7 

The chip select signal is output only for external accesses. When accessing the on-chip ROM (area 
0), on-chip peripheral modules (area 5) and on-chip RAM (area 7), the CSO, CS5, and CS7 pins 
are not driven low. When accessing DRAM space (area 1), select the RAS and CAS signals with 
the pin function controller. 

8.3.4 Shadows 

The size of each area is 16 Mbytes, which can be specified with 24 address bits A23-AO for 8-bit 
spaces and 16-bit spaces alike. Bits A23 and A22, however, output externally only when the 
address multiplex function is used in DRAM space (area 1); in all other cases, thereis no output, 
so the actually accessible area for all areas is the 4 Mbyte that can be specified with 22 bits A2I­
AO. No matter what the values of A23 and A22, the same 4 Mbytes of actual space is accessed. As 
illustrated in figure 8.4 (a), the A23 and A22 bit regions 00, 01, 10 and 11 are called shadows of 
actual areas. Shadows are allocated in 4-Mbyte units for both 8-bit and 16-bit bus widths. When 
the same addresses H'3200000, H'3600000, H'3AOOOOO and H'3EOOOOO are specified for values 
A2I-AO, as shown in figure 8.4 (b), the same actual space is accessed regardless of the A23 and 

A22 bits. 

In areas whose bus widths are switchable using the A27 address bit, the shadow of the same actual 

space is allocated to both A27 = 0 spaces and A27 = 1 spaces (figure 8.4(a». When the value of 
A27 is changed, the valid AD pins switch from ADI5-ADO to AD7-ADO, but the actual space 
accessed remains the same. 

The spaces of on-chip ROM (area 0), DRAM (area 1), on-chip peripheral modules (area 5) and on­
chip RAM (area 7) have shadows of different sizes from those discussed above. See section 8.3.5, 
Description of Areas, for details. 
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H'BOOOOOO 

H'B3FFFFF 

H'B400000 

H'B7FFFFF 

H'B800000 

H'BBFFFFF 

H'BCOOOOO 

H'BFFFFFF 

H'3200000 

H'3600000 

H'3AOOOOO 

Logical address space 

r····· ". 
'. 

H'3000000 
Shadow 

H'33FFFFf 
(A23, A22 = 00) 

H'3400000 
Shadow 

H'37FFFFF 
(A23, A22 = 01) 

". 
H'3800000 

Shadow 

H'3BFFF~f 
(A23, A22 = 10) 

H'3COOOOO 
Shadow 

H'3FFFFFf 
(A23, A22 = 11) 

16-bit space 8-bit space 

f'. , , , , , , , 
"'. ..... ' 
', .................... " Actual space , ............. ' 

..... 

, ~----------~ 

............ '--<-; .... /.'/ Area ! 
....._ /.\ accessible 4 Mbytes 

-..." ..... , with A21-AO 
// -..... ~'----------~ 

/ ,.,."'/ 

!&. 
/ ,,'" / < .... ..,...-' / 

/ 
/ 

/ 

/ 
/ 

/ 
/ 

/ 

a. Shadow allocation 

Logical address space 

H'3000000 
... 

Location indicated 
H'33FFFFF by address 

H'3400000 

.- Actual space 

Location indicated 
H'37FFFFF by address 
H'3800000 Location actually 

~ 
accessed 

Location indicated 
H'3BFFFFF b address 
H'3COOOOO 

H'3EOOOOO ----.. p.......3o.......l.....:~~......l.....~ 
Location indicated 

H'3FFFFFF by address 

8-bit space 

b. Actual space accessed when addresses are specified 

Figure 8.4 Shadows 

120 HITACHI 



8.3.5 Area Description 

Area 0: Area 0 is the area where addresses A26-A24 are 000 and its address range is H'OOOOOOO­
H'OFFFFFF and H'SOOOOOO-H'SFFFFFF. Figure 8.5 is a memory map of area o. 

Area 0 can be set for use as on-chip ROM space or external memory space with the mode pins 

(MD2-MDO). The MD2-MDO pins also determine the bus width, regardless of the A27 address 
bit. When MD2-MDO are 000, area 0 is an 8-bit external memory space; when they are 001, area 0 
is a 16-bit external memory space; and when they are 010, it is a 32-bit on-chip ROM space. The 

SH7032 can only be used as external memory space since there is no on-chip ROM and this last 
setting is meaningless. 

The capacity of the on-chip ROM is 64 kbytes, so bits A23-A16 are ignored in on-chip ROM 

space and the shadow is in 64-kbyte units. The CSO signal is disabled. 

In external memory space, the A23 and A22 bits are not output and the shadow is in 4-Mbyte 
units. When external memory space is accessed, the CSO signal is valid. The external memory 

space has a long wait function, so between I and 4 states can be selected for the number of long 
waits inserted into the bus cycle using the areas 0 and 2 long wait insertion bits (A02LWI, 
A02LWO) of wait state controller 3 (WCR3). 
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Logical address space 

H'8000000 .... . 
H'800FFFF '. J' ......... . 

". ". I . 
H'8010000 .~'OOOO.~OO Sh d 

H;OOOFFFF a ow 
Shadow 

H'0019000 
Shadow \ \ 

\. 

\ \. 

II-Valid 
/:! addresses 
Ii A1S-AO 
it 
Ii (A23-A16 

,'/ ignored) 

I -':':":':"~~---::---;-"-1 i/ -CSO not 
H'8FFOOOO t- Shadow Ii valid 

H'8FFFFFF . . Shadow eOn-chip 
H'OFF~OOO ROM 

. Shadow 
H'OFFFFFF space 

valid on 
32-bit space 32-bit space SH7034 

only 

H'8000000 

H'83FFFFF 
H'8400000 

H'87FFFFF 
H'8800000 

H'8BFFFFF 
H'8COOOOO 

H'OFFFFFF 

Logical address space 

············ ... 1 

H'OOOOOOO 

H'03FFFFF 
H'0400000 

H'07Ff:FFF 
H'0800000 

H'OBFFFFF. 
H'OCOOOOO 

H'OFFFFFF 
8 or 16 

bit space 

Shadow 

Shadow. 

Shadow 

Shadow 

8 or 16 
bit space 

, . 
. '" .... 

"-: \ Actual space 

:,;,' " External " " , "{ memory 
" r.. space 

~\.... (4 Mbytes) 

" , 
I .1-------' 

I' ::,' - MD2-MDO = 
.... ,.. 000: 8-bit 

I 
I 

" 

: access, 
,: 001: 16-bit 
I , 

I 
I 

I 

access 
-Valid 

addresses 
A21-AO 
(A23 and 
A22 not 
output) 

- CSOvaiid 
- Long wait 

function 

,~------------------~/ ,~----------------~/ 
MD2-MDO = 010 MD2-MDO = 000 or 001 

Note: The bus width of area 0 is determined by the MD2-MDO pins regardless of the A27 bit 
setting. 

Figure 8 5 Memory Map of Area 0 

Area 1: Area 1 is the area where addresses A26-A24 are 001 and its address range is H'1000000-

H'lFFFFFF and H'9000000-H'9FFFFFF. Figure 8.6 is a memory map of area 1. 

Area 1 can be set for use as DRAM space or external memory space with the DRAM enable bit 

(DRAME) of the bus control register (BCR). When the DRAME bit is 0, it is external memory 

space; when DRAME is 1, it is DRAM space. 

In external memory space, the bus width is 8 bits when the A27 bit is 0 and 16 bits when it is 1. 
Bits A23 and A22 are not output and the shadow is in 4-Mbyte units. When external memory is 
accessed, the CS 1 signal is valid. 

DRAM space is a type of external memory space, but it is configured especially to be connected to 
DRAM so it outputs strobe signals required for this ·purpose. Its bus width is 8 bits when it is 0 and 
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16 bits when it is 1. When the multiplex enable bit (MXE) of the DRAM control register (DCR) is 
set to 1 to use the address multiplex function, bits A23-AO are multiplexed and output from pins 
Al5-AO, so a maximum l6-Mbyte space can be used. When DRAM space is accessed, the CSl 
signal is not valid and the pin function controller should be set for access with CAS (CASH and 
CASL) and RAS signals. 

H'9000000 

H'93FFFFF 
H'9400000 

H'97FFFFF 
H'9800000 

H'9BFFFFF 
H'9COOOOO 

H'9FFFFFF 

Logical address space 

H'1000000 

1" ............... 

Shadow 

H'13FFFFF 
H'1400000 

Shadow 

H'17FFFFF 
H'1800ood 

Shadow 

H'1BFFFFF 
H'1COOOOO 

Shadow 

H'1FFFFFF 
A27=1: A27=O: 

16-bit space a-bit space 

Logical address space 

H'9000000 ..... I···· . 
H'1000000y-J------"-T 

":". Actual space 

.. , 

: 

./; External 
:'.: memory 

:'. space 
,: (4 Mbytes) 

:','" '1--______ --' 

: :-: • Valid , , , ' ..... ; address 
: A21-AO , 
: 

(A23 and 
A22 not 
output) 

Shadow 

I: 
• CS1 

valid H'9FFFFFF~ __ -f 

H'1FFFFFF.,-__ ~ 

A27 = 1: A27 = 0: 
16-bit space a-bit space 

Actual space 

DRAM 
space 

(maximum 
16 Mbytes) 

• Multiplexed 
(MXE = 1): 
16-bit space 

• Not multi­
plexed 
(MXE = 0): 
4 Mbyte 
space 

• CS1 not 
valid (CAS, 
RAS output) 

,~----------------------------~/ ,~----------------------------~/ 
DRAME = 0 or DRAME = 1, MXE = 0 DRAME = 1 

Figure 8.6 Memory Map of Area 1 

Areas 2-4: Areas 2-4 are the areas where addresses A26-A24 are 010, all and 100, respectively, 
and their address ranges are H'2000000-H'2FFFFFF and H'AOOOOOO-H'AFFFFFF (area 2), 

H'3000000-H'3FFFFFF and H'BOOOOOO-H'BFFFFFF (area 3), and H'4000000-H'4FFFFFF and 
H'COOOOOO-H'CFFFFFF (area 4). Figure 8.7 is a memory map of area 2, which is representative of 
areas 2-4. 
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Areas 2-4 are always used as external memory space. The bus width is 8 bits when the A27 bit is 
o and 16 bits when it is I. A23 and A22 bits are not output and the shadow is in 4-Mbyte units. 
When areas 2-4 are accessed, the CS2, CS3, and CS4 signals are valid. Area 2 has a long wait 
function, so between 1 and 4 states can be selected for the number of long waits inserted into the 
bus cycle using the bits A02LWI and A02LWO ofWCR3. 

H'AOOOOOO 

H'A3FFFFF 

H'A400000 

H'A7FFFFF 

HA800000 

H'ABFFFFF 

H'ACOOOOO 

HAFFFFFF 
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Logical address space 

H'2000000 

Shadow 

H'23FFFFF: 
H2400000 

Shadow 

H'27FFFFF 

H'2800000 

Shadow 

H2BFFFFf 

H'2COOOOO 

Shadow 

H'2FFFFFF 

16-bit space 8-bit space 

.. , .. , .. , 
,'''I .. , .. , 

•••• I 

:..... " 
........ ,' 

" 0' • f. ,. 
I·. , .. 

I • 
....... I . 

'y, •. " .............. . 

Actual space 

External 
memory space 

(4 Mbytes) 

,/ ~;'I------~ 
I .,',' 

I " I 

..... " • Valid addresses A21-AO 
,/ ...... ,/ (A23 and A22 not output) 

/...... / • CS2 valid 
'... " • Long wait function '. 

, , , , , , , , 

, , , , , , 

, , , , 

Figure 8.7 Memory Map of Area 2 



Area 5: Area 5 is the area where addresses A26-A24 are 101 and its address range is H'5000000-
H'5FFFFFF and H'DOOOOOO-H'DFFFFFF. Figure 8.8 is a memory map of area 5. 

Area 5 is allocated to on-chip peripheral module space when the A27 address bit is 0 and external 
memory space when A27 is 1. In on-chip peripheral module space, bits A23-A9 are ignored and 
the shadows are in 512-byte units. The bus width is 8 bits when the A8 bit is 0 and 16 bits when 
A8 is 1. When on-chip peripheral module space is accessed, the CS5 signal is not valid. In external 
memory space, the A23 and A22 bits are not output and the shadow is in 4-Mbyte units. The bus 
width is always 16 bits. When external memory space is accessed, the CS5 signal is valid. 

Logical address Logical address 
space 

H5000000 
H50001FF 

H'5FFFEOO 
H5FFFFFF 

space 

Shadow 

Shadow 

Shadow 

Shadow 

Shadow 

Shadow 

8 or 16-bit 
space 

H'DOOOOOO 

\ 
! .: , l;., , , :~\:. 
\".\.. 
\"'\: ",,', 
\".'; 
\;'.~ 
'(,'( Actual 
',. 
\~ space 

!IOn chip 
!! peripheral 
I! module space 
/! (512bytes) 

H'D3FFFFF 
H'D400000 

H'D7FFFFF 
H'D800000 

A8 = 0: H'DBFFFFF 
8-bit space H'DCOOOOO 
A8 = 1: 16-bit space* 
-Ignored 

addresses: 
A23-A9 
(Valid addresses H'DFFFFFF 

Shadow 

Shadow 

Shadow 

Shadow 

A8-AO) 16-bit space 
- CS5 not valid 

I: 

l' 

: 

Actual 
space 

\. .... ~: 
,i: : External 

':"i memory 
", space ,r (4 Mbytes) : ',\', 

, ,'1-------' 

! ,:'f. Valid , ..... ! addresses 
:! A21-AO 

, , , 
" 

! A23 and A22 
not output) 

: • CS5 valid , , , , , , , 

Note: Some registers in onchip peripheral modules can only be accessed as 8·bit registers 
even though they occupy 16 bits (see Appendix A). 

Figure 8.8 Memory Map of Area 5 

Area 6: Area 6 is the area where addresses A26-A24 are 110 and its address range is H'6000000-
H'6FFFFFF and H'EOOOOOO-H'EFFFFFF. Figure 8.9 is a memory map of area 6. 
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In area 6, the space when A27 is 0 is allocated to address/data multiplexed 110 space when the 
multiplexed 110 enable bit (JOE) of the bus control register (BeR) is 1 and external memory space 
when the IOE bit is O. When A27 is 1, it is always external memory space. 

The multiplexed 110 space is a type of external memory space but the address and data are 
multiplexed and output from ADlS-ADO or AD7-ADO. The bus width is 8 bits when the A14 bit 
is 0 and 16 bits when the AI4 bit is I. The A23 and A22 bits are not output and the shadow is in 4-
Mbyte units. When multiplexed I/O space is accessed, the CS6 signal is valid. 

In external memory space, the bus width is 8 bits when both the A27 and A14 bits are 0 and 16 
bits when the A27 bit is 0 and the A 14 bit is 1. When the A27 bit is 1, it is always a 16-bit space. 
The A23 and A22 bits are not output and the shadow is in 4-Mbyte units. When external memory 
is accessed, the CS6 signa] is valid. The external memory space has a long wait function so 
between 1 and 4 states can be selected for the number of long waits inserted into the bus cycle 
using the area 6 long wait insertion bits (A6LWI and A6LWO) ofWCR3. 

Logical address 
space 

H'6000000 

H'63FFFFF 
H'6400000 

H'67FFFFF 
H'6800000 

H'6BFFFFF 
H'6COOOOO 

Shadow 

Shadow 

Shadow 

Shadow 

Actual 
space 

: Multiplexed 
/! I/O space 
~:j or external 
!, memory , , :: space ,', 
:\' (4 Mbytes) 
I 
I 
J :'t·IOE = 1: I 

I 
J 
J: 

.... ! address/data 

J 
J 
J 
J 
I 
J 
J 

: multiplexed I/O 
space; 
10E = 0: external 
memory space 

• A 14 = 0: 8-bit space 
A 14 = 1: 16-bit space 

Logical address 
space 

H'EOOOOOO r------, 

Shadow 

H'E3FFFFF 
H'E400000 I-----I~, 

:' space 
Actual 

Shadow " if External 
':. memory 

H'E7FFFFF / 1 space 
H'E800000 I-------i\r (4 Mbytes) 

Shadow 

" :'1-------' J. 
!/:.Valid n addresses 

H'EBFFFFF i i A21-AO (A23 
H'ECOOOOO I------f : and A22 not 

Shadow 

output) 
• CS6 valid 
• Long wait 

function 
H'6FFFFFF • Valid addresses H'EFFFFFF '---__ ---' 
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8 or 16-bit 
space 

A21-AO (A23 and 16-bit space 
A22 not output) 

• CS6 valid 
• Long wait function 

Figure 8.9 Memory Map of Area 6 



Area 7: Area 7 is the area where addresses A26-A24 are 111 and its address range is H'7000000-
H'7FFFFFF and H'FOOOOOO-H'FFFFFFF. Figure 8.10 is a memory map of area 7. 

Area 7 is allocated to external memory space when A27 is 0 and on-chip RAM space when A27 is 
1. In external memory space, the bus width is 8 bits. The A23 and A22 bits are not output and the 
shadow is in 4-Mbyte units. When external memory is accessed, the CS7 signal is valid. 

The on-chip RAM space has an bus width of 32 bits. In the SH7032, the on-chip RAM capacity is 
8 kbytes, so A23-A 13 are ignored and the shadows are in 8-kbyte units. In the SH7034, the on­
chip RAM capacity is 4 kbytes, so A23-A12 are ignored and the shadows are in 4-kbyte units. 
During on-chip RAM access, the CS7 signal is not valid. 

Logical address Logical address 
space 

H'7000000 

H'73FFFFF 
H'7400000 

H'77FFFFF 
H'7800000 

H'7BFFFFF 
H'7COOOOO 

H'7FFFFFF 

space 

Shadow 

Shadow 

Shadow 

Shadow 

8-bit space 

, ' , ' 
,; 

Actual 
space 

\ .... : External ,', 
:':: memory 

H'FOOOOOO 
H'FOOOFFF (SH7034) 

H'F001 FFF (SH7032) 

: !, space : 

,:\ (4 Mbytes) 
\ " 

: '1---------1 

; :: - Valid 
: ,::; addresses , , , , 
:: A21-AO , 

" (A23 and A22 
, not output) 
! - CS7 valid , , , H'FFFEOOO (SH7032) 

H'FFFFOOO (SH7034) 
H'FFFFFFF 

, , , , 

Shadow 

Shadow 

Shadow 

Shadow 

Shadow 

Shadow 

32-bit space 

Figure 810 Memory Map of Area 7 
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" SH7034: 
4 Kbytes 
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addresses 
SH7032: 
A12-AO 
(A23-A13 
not output) 
SH7034: 
A11-AO 
(A23-A12 
not output) 

- CS7 not 
valid 
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8.4 Accessing External Memory Space 

In ex.ternal memory space, strobe signal is output based on the assumption of a directly connected 
SRAM. The ex.ternal memory space is allocated to the following areas: 

• Area 0 (when MD2-MDO are 000 or 001) 

• Area 1 (when the DRAM enable bit (DRAME) of the BCR is 0) 

• Areas 2-4 

• Area 5 (space where address A27 is 1) 

• Area 6 (when the multiplexed 110 enable bit (IOE) bit of the BCR is 0, or space where address 
A27 is 0) 

• Area 7 (space where address A27 is 0) 

8.4.1 Basic Timing 

The bus cycle for external memory space access is 1 or 2 states. The number of states is controlled 
with the wait states by the settings of wait state control registers 1-3 (WCR 1-WCR3). For details, 
see section 8.4.2., Wait State Control. Figures 8.11 and 8.12 illustrate the basic timing of external 
memory space access. 

CK 

A2.1-AO 

RD 
(Read) 

AD1S-ADO 
(Read) 

T1 
.4 

x 
\ 

~: 

X 

/ 

\ / 
( ) 

Figure 8.11 Basic Timing of External Memory Space Access (I-state read timing) 
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T1 T2 

CK 

A21-AO ~x~ ______ ~x~ __ 

Read { 

AD1S-ADO 

{

WRH. WRL 

Write 

AD15-ADO 

\'---~~-----'/ 
.When 
RDDTY= O. 

· 1'\ Y 
,When \- --- - - - '-. --;..------.;..-----,~ / 
RDDTY=1 

( 

/ 
) 

>-

Figure 8.12 Basic Timing of External Memory Space Access (2-state read timing) 

High-level duties of 35% and 50% can be selected for the RD signal using the RD duty bit 
(RDDTY) of the BCR.'When RDDTY is set to 1, the high-level duty is 35% of the Tl state, 
enabling longer access times for external devices. Only set to 1 when the operating frequency is a 
minimum of 10 MHz. 

8.4.2 Wait State Control 

The number of external memory space access states and the insertion of wait states can be 
controlled using the WCRI-WCR3 bits. The bus cycles that can be controlled are the CPU read 
cycle and the DMAC dual mode read cycle. The bus cycle that can be controlled using the WCR2 
is the DMAC single-mode read/write cycle. 

Table 8.8 shows the number of states and number of wait states in the access cycles to external 
memory spaces. 
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Table 8.8 Number of States and Number of Wait States in the Access Cycles to External 
Memory Spaces . 

Area 

CPU read cycle, DMAC dual mode read cycle, CPU Write Cycle and 
___ D_M_A_C_s_i_ng_l_e_m_o_d_e_re_a_dl_w_r_it_e_c_y_c_le ___ DMAC Dual Mode Write 

Corresponding Bits in 
WCR1 and WCR2 = 0 

Corresponding Bits in 
WCR1 and WCR2 = 1 

Cycle (Cannot be 
controlled by WCR1 )*2 

1,3-5,7 1 cycle fixed; WAIT signal 2 cycles fixed + wait state from WAIT signal 
ignored 

0,2,6 (long 1 cycle + long wait state, 1 cycle + long wait state*1 + wait state from WAIT 
wait available) WAIT signal ignored signal 

Notes: 1. The number of long wait states is set by WCR3. 
2. When DRAME = 1, short pitch/long pitch is selected with the WW1 bit of the WCR1. 

3. Pin wait cannot be used for the CS7 and WAIT pins of area 3 because they are 
multiplexed. 

For the CPU read cycle, DMAC dual mode read cycle and DMAC single mode read/write cycle, 
the access cycle is completed in 1 state when the.corresponding bits ofWCRI and WCR2 for 
areas 1,3-5, and 7 are cleared to 0 and the WAIT pin input signal is not sampled. When the bits 
are set to 1, the WAIT signal is sampled and the number of states is 2 plus the number of wait 
states in the WAIT signal. The WAIT signal is sampled at the rise of the system clock (CK) 
directly preceding the second state of the bus cycle and the wait states are inserted as long as the 
level is low. When a high level is detected, it shifts to the second state (final state). Figure 8.13 
shows the wait state timing when accessing the external memory spaces of areas 1,3,4,5, and 7. 
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:~ 
T1 T2 

CK 

A21-AO ==x 
I CSn \ ~~ 

RD \ I ~~ 
Read { 

AD15-ADO D ~~ ( ) 

{WRH. WRL \ « I 
Write 

AD15-ADO ( ) 
e 

WAIT \ 8 II \ 

Figure 8.13 Wait State Timing for External Memory Space Access (2 states plus wait states 
from WAIT signal) 

Areas 0,2 and 6 have long wait functions. When the corresponding bits in WCRI and WCR2 are 
cleared to 0, the access cycle is 1 state plus the number of long wait states (set in WCR3, 
selectable between 1 and 4) and the WAIT pin input signal is not sampled. When the bits are set to 
1, the WAIT signal is sampled and the number of states is 1 plus the number of long wait states 
plus the number of wait states in the WAIT signal. The WAIT signal is sampled at the rise of the 
system clock (CK) directly preceding the last long wait state and the wait states are inserted as 
long as the level is low. When a high level is detected, it shifts to the final long wait state. Figure 
8.14 shows the wait state timing when accessing the external memory spaces of areas 0, 2, and 6. 
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T1 

CK 

Wait states 
set in WCR3 

Wait state Wait 
from WAIT states set 
signal input. in WCR3 

• • • • • 
TW 

A21-AO ==X,--. - ________ --'-___ >C 

csn~ r 
~------------------------------------~ 

{ 

RD • \'----~~__:...__I 

R~d A~~OO~~~----~~-~-~--~(~~~~~ 

.\~----------~~/ 

{

WRHI WRL 

Write 

AD1S-ADO ------«'--_--:-.._~~ __ _____'_~-~-.--J>-

Figure 8.14 Wait State Timing for External Memory Space Access (1 state plus long wait 
state (when set to insert 3 states) plus wait states from WAIT signal) 

For CPU write cycles and DMAC dual mode write cycles to external memory space, the number 
of states and wait state insertion cannot be controlled by WCRI. In areas 1,3,4,5, and 7, the 
WAIT signal is sampled and the number of states is 2 plus the number of wait states in the WAIT 
signal (figure 8.13). In areas 0, 2 and 6, the number of states is 1 state plus the number of long wait 
states plus the number of wait states in the WAIT signal (figure 8.14). Never write 0 in bits 7-2 
and 0 of WCR 1; only write 1. When area 1 is being used as external memory space, never write 0 
to bit 1 (WWl); always write 1. 

8.4.3 Byte Access Control 

The upper byte and lower byte control signals when 16-bit bus width space is being accessed can 
be selected from (WRH, WRL, AO) or (WR, HBS, LBS). When the byte access select bit (BAS) of 
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the BeR is set to 1, the WRH, WRL, and AO pins output WR, LBS and HBS signals. Figure 8.15 
illustrates the control signal output timing in the byte write cycle. 

Upper byte access Lower byte access 

4 
T1 .. : .. T2 ..: .. T1 ..... T2 ..: 

CK 

AO \ I 
BAS=O WRH \ ./ 

WRL \ I 
HBS ~ :/ \ 

BAS = 1 
LBS J \ I 
WR \ / .\ / 

Figure 8.15 Byte Access Control Timing For External Memory Space Access (Write Cycle) 

8.5 DRAM Interface Operation 

When the DRAM enable bit (DRAME) of the BCR is set to 1, area 1 becomes DRAM space and 
the DRAM interface function is available, which permits direct connection of this LSI to DRAMs. 

8.5.1 DRAM Address Multiplexing 

When the multiplex enable bit (MXE) of the DRAM area control register (DCR) is set to 1, row 
addresses and column addresses are multiplexed. This allows DRAMs that require multiplexing of 
row and column addresses to be connected directly to the SH microprocessors without additional 
multiplexing circuits. When addresses are multiplexed (MXE = 1), setting of the DCR' s multiplex 
shift bits (MXC 1, MXCO) allows selection of eight, nine and ten-bit row address shifting. Table 
8.9 illustrates the relationship between MXCIIMXCO bits and address mUltiplexing. 
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Table 8.9 Relationship between Multiplex Shift Count Bits (MXCl, MXCO) and Address 
Multiplexing 

Shift Amount 8 bits Shift Amount 9 bits Shift Amount 10 bits 

Output Output Output 
Output Row Column Output Row Column Output Row Column 

Output Pin Address Address Address Address Address Address 

A21 A21 A21 A21 

A20 A20 A20 A20 

A19 Undefined A19 A19 A19 

A18 Value A18 Undefined A18 A18 

A17 A17 Value A17 Undefined A17 

A16 A16 A16 Value A16 

A15 A23 A15 A15 A15 

A14 A22 A14 A23 A14 A14 

A13 A21 A13 A22 A13 A23 A13 

A12 A20 A12 A21 A12 A22 A12 

A11 A19 A11 A20 A11 A21 A11 

A10 A18 A10 A19 A10 A20 A10 

A9 A17 A9 A18 A9 A19 A9 

A8 A16 A8 A17 A8 A18 A8 

A7 A15 A7 A16 A7 A17 A7 

A6 A14 A6 A15 A6 A16 A6 

A5 A13 A5 A14 A5 A15 A5 

A4 A12 A4 A13 A4 A14 A4 

A3 A11 A3 A12 A3 A13 A3 

A2 A10 A2 A11 A2 A12 A2 

A1 A9 A1 A10 A1 A11 A1 

AO A8 AO A9 AO A10 AO 

Notes: The MXC1 =1, MXO=1 setting is reserved. Do not use it. 
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For example, when MXC 1 and MXCO are set to 00 and an 8-bit shift is selected, the A23-A8 
address bit values are output to pins A 15-AO as row addresses. The values for A21-A16 are 
undefined. The values of bits address A21-AO are output to pins A21-AO as column addresses. 
Figure 8.16 depicts address multiplexing with an 8-bit shift. 

RAS = Low level 

Internal address 

Address pin 

CAS = Low level 

Internal address 

Address pin 

Figure 8.16 Address Multiplexing States (8-bit shift) 

8.5.2 Basic Timing 

There are two types of DRAM accesses: short pitch and long pitch. Short pitch or long pitch can 
be selected for the respective bus cycles using the RWI and WWl bits ofWCRI and the DRWI 
and DWWI bits of WCR2. When the corresponding bits are cleared to 0, DRAM access is short 
pitch and column address output occurs in 1 state. When these bits are 1, DRAM access is long 
pitch and column address output occurs in 2 states. Figure 8.17 shows short pitch timing; figure 
8.18 shows long pitch timing. 

The high-level duty of the CAS signal can also be selected between 50% and 35% of the TC state 
when access is short pitch. By setting the CDTY bit to 1, high level duty becomes 35% and 
DRAM access time can be lengthened. Only set to 1 when the operating frequency is a minimum 
of 10 MHz. 
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CK 

A21-AO 

RAS 

CAS 

Tp 

=x ____ -JX Row address X Column address X'--__ _ 
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Figure 8.17 Short Pitch Access Timing 
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Figure 8.18 Long Pitch Access Timing 

8.5.3 Wait State Control 

Precharge State Control: When the microprocessor clock frequency is raised and the cycle 
period shortened, 1 cycle may not always be sufficient for the precharge time for the RAS signal 
when the DRAM is accessed. The BSC allows the precharge cycle to be set to 1 state or 2 states 
using the RAS signal precharge cycles bit (TPC) of the OCR. When the TPC bit is 0, the 
precharge cycle is 1 state; when TPC is 1, the precharge cycle is 2 states. Figure 8.19 shows the 
timing when the precharge cycle is 2 states. 
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Figure 8.19 Precharge Timing (Long Pitch) 

Control of Insertion of Wait States Using the WAIT Pin Input Signal: The number of wait 
states inserted into the DRAM access cycle can be controlled by setting WCRl and WCR2. When 
the corresponding bits in WCRI and WCR2 are cleared to 0, the column address output cycle ends 
in 1 state and no wait states are inserted. When the bit is l, the WAIT pin input signal is sampled 
on the rise of the system clock (CK) directly preceding the second state of the column address 
output cycle and the wait state is inserted as long as the level is low. When a high level is detected, 
it shifts to the second state. Figure 8.20 shows the wait state timing in a long pitch bus cycle. 

T cw (wait state) 

CK 

A21-AO =X_~_~XROW address X'--_--'-_C_o_l_um_n _a_dd-,.r_es_s~ __ --,--_>C 

--~--~~~--~.~\-o~.~/_~. 7 0 \~.----

Figure 8.20 Wait State Timing during DRAM Access (Long Pitch) 
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When the RW 1 bit is set to 1, the number of wait states selected by CBR refresh wait state 
insertion bits 1 and 0 (RLW 1, RLWO) of the refresh control register (RCR) are inserted into the 
CAS-before-RAS refresh cycle. 

8.5.4 Byte Access Control 

16-bit width and 8-bit width DRAMs require different types of byte control signals for access. By 
setting the dual CAS signals/dual WE signals select bit (CW2) in the OCR, the BSC allows 
selection of either the dual CAS signals or the dual WE signals system of control signals. When 
16-bit space is being accessed and the CW2 bit is cleared to 0 for dual CAS signals, CASH, 
CASL, and WRL signals are output; when CW2 is set to 1 for dual WE signals, the CASL, WRH, 
and WRL signals are output. When accessing 8-bit space, WRL and CASL are output regardless 
of the CW2 setting. 

Figure 8.21 shows the control timing of the upper byte write cycle (short pitch) in 16-bit space. 
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Figure 8.21 Byte Access Control Timing for DRAM Access 
(Upper Byte Write Cycle, Short Pitch) 



8.5.5 DRAM Burst Mode 

In addition to the normal mode of DRAM access, in which row addresses are output at every 
access and data then accessed (full access), the DRAM also has a high-speed page mode for use 
when continuously accessing the same row. The high speed page mode enables fast access of data 
simply by changing the column address after the row address is output (burst mode). Select 
between full access and burst operation by setting the burst enable bit (BE» in the DCR. When the 
BE bit is set to 1, burst operation is performed when the row address matches the previous DRAM 
access row address. Figure 8.22 shows the comparison of full access and burst operation. 

A21-AO 

AD15-
ADO 

A21-AO 

AD15-
ADO 

(a) Full access (read cycle) 

(b) Burst operation (read cycle) 

Figure 8.22 Full Access and Burst Operation 

Short pitch high-speed page mode or long pitch high-speed page mode burst transfers can be 
selected independently for DRAM read/write cycles even when the burst operation is selected by 
using the bits corresponding to area 1 in WCRI and WCR2 (RWl, WWI, DRWI, DWWI). The 
RAS down mode or RAS up mode can be selected by setting the RAS down bit (RASD) of the 
DCR when there is an access outside the DRAM space during burst operation. 
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Short Pitch High-Speed Page Mode and Long Pitch High-Speed Page Mode: When burst 
operation is selected by setting the DCR's BE bit to I, the short pitch high-speed page mode or 
long pitch high-speed page mode can be selected by setting the RWI, WWI, DRWI, and DWWI 
bits of the WCRI and WCR2. 

• Short-pitch, high-speed page mode: When the RWI, WWI, DRWI and DWWI bits are cleared 
to 0 in WCR I and WCR2, and the corresponding DRAM access cycle is continuing, the CAS 
signal and column address output cycles continue as long as the row addresses continue to 
match. The column address output cycle is performed in 1 state and the WAIT signal is not 
sampled. Figure 8.23 shows the read cycle timing for the short pitch high-speed page mode. 

CK 

A21-
AO 

Tr 
. 4 • • • 4 

~ __ ~ __ ~x~~~ 
~ 

Row address 1 

Tc Tc Tc Tc ... I; .. Ii :I 

\~ ________________ ~r-

WRY 
AD11; ---')>-: --"------'----'---« Data 1 >-< Data 2>-< Data 3)-( Data 4 t-

Figure 8.23 Short Pitch High-Speed Page Mode (Read Cycle) 

When the write cycle continues for the same row address in the short pitch high-speed page 

mode, an open cycle (silent cycle) is produced for I cycle only. This timing is shown in figure 
8.24. Likewise, when a write cycle continues after the read cycle for the same row address, a 
silent cycle is produced for I cycle. This timing is shown in figure 8.25. The details of timing 
are discussed in section 20.3.3, Bus Timing. 
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spaces. 

Figure 8.24 Short Pitch High-Speed Page Mode (Write Cycle) 
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Note: Access A and B are examples of 32-bit data accesses in their respective 16-bit bus width 
spaces. 

Figure 8.25 Short Pitch High-Speed Page Mode (When read or write cycle continues with 
the same row address) 

The high-level duty of the CAS signal can be selected in the short pitch high-speed page mode 
using the CAS duty bit (CDTY) in the DCR. When the CDTY bit is cleared to 0, high-level 
duty is 50% of the TC state; when CDTY is set to 1, it is 35% of the TC state. 

• Long-pitch, high-speed page mode: When the RWl, WWl, DRWI, and DWWI bits are set to 1 
in WCR 1 and WCR2, and the corresponding DRAM access cycle is continuing, the CAS signal 
and column address output cycle·s (2 states) continue as long as the row addresses continue to 
match. When the WAIT signal is detected at the low level, the second cycle of the column 

address output cycle is repeated as the wait state. Figure 8.26 shows the timing for the long 
pitch high-speed page mode. See section 20.3.3, Bus Timing, for more information about the 

timing. 
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Figure 8.26 Long Pitch High-Speed Page Mode (ReadlWrite Cycle) 

RAS Down Mode and RAS Up Mode: Sometimes access to another area can occur between 
accesses to the DRAM even though burst operation has been selected. Keeping the RAS signal at 
low while this other access is occurring allows burst operation to continue the next time the same 
row of the DRAM is accessed. The RASD bit in the DCR selects the RAS down mode when set to 
1 and the RAS up mode when cleared to O. 

• RAS Down Mode: When the RASD bit of DCR is set to 1, the DRAM access pauses and the 
RAS signal is held low throughout the access of the other space while waiting for the next 
access to the DRAM area. When the row address for the next DRAM access is the same as the 
previous DRAM access, burst operation continues. Figure 8.27 shows the timing of the RAS 
down mode when external memory space is accessed during burst operation. 

The RAS signal can be held down in the DRAM for a limited time; the RAS signal must be 
returned to high within the specified limits even when the RAS down mode is selected since the 

critical low level period is set. In this LSI, even when the RAS down mode is selected, the RAS 
signal automatically reverts to high when the DRAM is refreshed, so the BSC's refresh control 

function can be employed to set a CAS-before-RAS refresh that will keep operation within 
specifications. See section 8.5.6, Refresh Control, for details. 
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Figure 8.27 RAS Down Mode 

• RAS Up Mode: When the RASD bit is cleared to 0, the RAS signal reverts to high whenever a 
DRAM access pauses for access to another space. Burst operation continues only while DRAM 

access is continuous. Figure 8.28 shows the timing when an external memory space access 
occurs during burst operation in the RAS up mode. 
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8.5.6 Refresh Control 

External 
memory data 

Figure 8.28 RAS Up Mode 

The BSC has a function for controlling DRAM refreshing. By setting the refresh mode bit 
(RMODE) in the refresh control register (RCR), either CAS-before-RAS refresh (CBR) or self­
refresh can be selected. When no refresh is performed, the refresh timer counter (RTCNT) can be 

used as an 8-bit interval timer. 

CAS-Before-RAS Refresh (CBR): A refresh is performed at an interval determined by the input 
clock selected in the clock select bits 2-0 (CKS2-CKSO) of the refresh timer control/status 

register (RTCSR) and the value set in the refresh time constant register (RTCOR). Set the values 
of RTCOR and CKS2-CKSO so they satisfy the refresh interval specifications of the DRAM being 
used. 

To perform a CBR refresh, clear the RMODE bit of the RCR to 0 and then set the refresh control 
bit (RFSHE) bit to 1. Also write in the required values to RTCNT and RTCOR. When the clock is 
thereafter selected in the CKS2-CKSO bits of the RTCSR, the RTCNT will begin to increment 
from its current value. The RTCNT value is constantly compared to the RTCOR value and the 

CBR refresh is performed when they match. The RTCNT is simultaneously cleared to H'OO and 
incrementing begins again. 

When the clock is selected in the CKS2-CKSO bits, the RTCNT immediately begins to increment 

from its current value. This means that when the RTCOR cycle is set after the CKS2-CKSO bits 

are set, the RTCNT count may already be higher than the RTCOR cycle. When this occurs, the 
RTCNT will overflow once (H'FF goes to H'OO) and incrementing will start again. Since the CBR 

refresh will not be performed until the RTCNT again matches the RTCOR value, the initial refresh 
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interval will be rather long. It is thus advisable to set the RTCOR cycle prior to setting the CKS2-
CKSO bits and start it incrementing. When CBR refresh control is being performed after its use as 
an 8-bit interval timer, the RTCNT count value may be in excess of the refr~sh cycle. For this 
reason, clear the RTCNT by writing H'OO before starting refresh control to assure a correct refresh 
interval. 

When the RWI bit of WCR 1 is set to 1 and the read cycle is set to long pitch, the number of wait 
states selected by the RLWI and RLWO bits of the RCR will be inserted into the CBR refresh 
cycle, regardless of the status of the WAIT signal. Figure 8.29 shows the RTCNT operation and 
figure 8.30 shows the timing of the CBR refresh. For details on timing, see section 20.3.3, Bus 
Timing. 

RTCNT Compare Compare Compare Compare 
value match match match match 

RTCOR ............... ~!~~. RTG9H ..... ~im .. ~I9.QH ..... ~i.~~ .. f{TG9R ..... ~!t~ .RTG9R .. 
value 

~--------~--------~--------~~--------~--~Time 

Clock 
selected with 
CKS2-CKSO 

• CSR • • • CSR CSR CSR 

CSR: CAS-before-RAS refresh 

Figure 8.29 Refresh Timer Counter (RTCNT) Operation 
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Figure 8.30 Output Timing for CAS-Before-RAS Refresh Signal 

Self-Refresh Mode: Some DRAMs have a self-refresh mode (parity back-up mode). This is a type 
of a standby mode in which the refresh timing and refresh addresses are generated inside the 
DRAM chip. When the RFSHE and RMODE bits of the RCR are both set to 1, the DRAM will 
enter the self-refresh mode when the CAS and RAS signals are output as shown in figure 8.31. See 
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section 20.3.3, Bus Timing, for details. The DRAM self-refresh mode is cleared when the 
RMODE bit in the RCR is cleared to 0 (figure 8.31). The RFSHE bit should be left at 1 when this 
is done. Some DRAM vendors recommend that after exiting the self-refresh mode, all row 
addresses should be refreshed again. This can be done using the HCR's CBR refresh function to set 
all row addresses for refresh in software. 

To access a DRAM area in the self-refresh mode, clear the RMODE bit to 0 and exit the self­
refresh mode. 

The LSI can be kept in the self-refresh state and shifted to standby mode by setting it to self­
refresh mode, setting the standby bit (SBY) of the standby control register (SBYeR) to 1, and then 
executing a SLEEP instruction. 

CK 

RAS I \ ~~ / 

CAS ---.-; \ ~~ / 

Figure 8.31 Output Timing of Self-Refresh Signal 

Refresh Requests and Bus Cycle Requests: When a CAS-before-RAS refresh or self-refresh is 
requested during bus cycle execution, parallel execution is sometimes possible. Table 8.10 
describes operation when the refresh and bus cycle are in contention. 

Table 8.10 Refresh and Bus Cycle Contention 

Type of Bus Cycle 

External Space Access 

External Memory Space, 
Multiplexed VO Space 

On-Chip ROM, On-Chip 
__ D_R_A_M_S_p_ac_e _____ RAM , On-Chip 

Type of Refresh Read Cycle Write Cycle Read Cycle Write Cycle Peripheral Access 

CAS-before-RAS Yes No No No Yes 
refresh 

Self-refresh Yes Yes 

Yes: Can be executed in parallel 

No: Cannot be executed in parallel 

No No Yes 
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When parallel execution is available, the RAS and CAS signals are output simultaneously during 

bus cycle execution and the refresh is executed. When parallel execution is not available, refresh 
occurs after the bus cycle has ended. 

Using RTCNT as an 8-Bit Interval Timer: When not performing refresh control, RTCNT can be 
used as an 8-bit interval timer. Simply set the RFSHE bit of the RCR to O. To produce a compare 

match interrupt (CMI), set the compare match interrupt enable bit (CMIE) to 1 and set the 

interrupt generation timing in RTCOR. When the input clock is selected with the CKS2-CKSO 

bits of the RTCSR, RTCNT starts incrementing as an 8-bit interval timer. Its value is constantly 

being compared to RTCOR and when a match occurs, the CMF bit of RTCSR is set to 1 and a 

CMI interrupt is produced. RTCNT is cleared to H'OO. 

When the clock is selected with CKS2-CKSO bits, RTCNT starts incrementing immediately. This 

means that when the RTCOR cycle is set after the CKS2-CKSO bits are set, the RTCNT count 

may already be higher than the RTCOR cycle. When this occurs, the RTCNT will overflow once 

(H'FF goes to H'OO) and the count up will start again. No interrupt will be generated until the 

RTCNT again matches the RTCOR value. It is thus advisable to set the RTCOR cycle prior to 

setting the CKS2-CKSO bits. After its use as an 8-bit interval timer, the RTCNT count value may 

be in excess of the set cycle. For this reason, write H'OO to the RTCNT to clear it before starting to 

use it again with new settings. RTCNT can then be restarted and an interrupt obtained after the 

correct interval. 

8.6 AddresslData Multiplexed 110 Space Access 

The BSe is equipped with a function that multiplexes input/output of address and data to pins 

AD IS-ADO in area 6. This allows the SH microprocessor to be directly connected to peripheral 

LSIs that required address/data multiplexing. 

8.6.1 Basic Timing 

When the multiplexed 110 enable bit (IOE) of the BCR is set to 1, the area 6 space with address bit 

A27 as 0 (H'6000000-H'6FFFFFF) becomes an address/data multiplexed 110 space that, when 

accessed, multiplexes addresses and data. When the A14 address bit is 0, the bus width is 8 bits 

and address output and data input/output are performed from the AD7-ADO pins. When the A14 

address bit is 1, the bus width is 16 bits and address output and data input/output are performed 

from the ADIS-ADO pins. In the address/data multiplexed 110 space, access is controlled with the 

AH, RD and WR signals. Accesses in the address/data multiplexed I/O space is performed in 4 

states, regardless of the WCR settings. Figure 8.32 shows the timing when the address/data 

multiplexed 110 space is accessed. 
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Figure 8.32 Access Timing For AddresslData Multiplexed 110 Space 

The high-level duty of the RD signal can be selected between 35% and 50% using the RD duty bit 
(RDDTY) of the BCR. When RDDTY is 1, the high-level duty is 35% of the T3 or Tw state, 
lengthening the access time for external devices. 
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8.6.2 Wait State Control 

When the address/data multiplexed I/O space is accessed, the WAIT pin input signal is sampled 
and a wait state inserted whenever a low level is detected, regardless of the setting of the WCR. 
Figure 8.33 shows an example in which a WAIT signal causes a wait state of 1 state to be inserted. 
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!WRH, WRL \ / 
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WAIT ~ 0 L 7 0

\ 

Figure 8.33 Wait State Timing For AddresslData Multiplexed I/O Space Access 

8.6.3 Byte Access Control 

The byte access control signals when the address/data multiplexed I/O space is being accessed are 
of two types (WRH, WRL, AD, or WR, HBS, LBS), just as for byte access control of external 
memory space access. These types can be selected using the BAS bit of the BCR. See section 
8.4.3, Byte Access Control, for details. 
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8.7 Parity Check and Generation 

The BSC can check and generate parity for data input and output to or from in the DRAM space of 
area 1 and the external memory space of area 2. 

To check and generate parity, select the space (DRAM space only, or DRAM space and area 2) for 
which parity is to be checked and generated using the parity check enable bits (PCHKI and 
PCHKO) of the parity control register and select odd or even parity in the parity polarity bit (PEO). 

When data is input from the space selected in the PCHK 1 and PCHKO bits, the BSe checks the 
PEO bit to see if the polarity of the DPH pin input (upper byte parity data) is accurate for the 
AD15-AD8 pin input (upper byte data) or if the DPL pin input (lower byte parity data) is accurate 
for the AD7-ADO pin input (lower byte data). If the check indicates that either the upper or lower 
byte parity is incorrect, a parity error interrupt is produced (PEl). 

When outputting data to the space selected in the PCHKl and PCHKO bits, the BSC outputs parity 

data output of the polarity set in the PEO bit from the DPH pin for the AD I5-AD8 pin output 
(upper byte data) or from the DPL pin for the AD7-ADO pin input (lower byte data) using the 
same timing as the data output. 

The BSC is also able to force a parity output for use in testing the system's parity error check 
function. When the parity force output bit (PFRC) of the PCR is set to 1, a high level is forcibly 
output from the DPH and DPL pins when data is output to the space selected in the PCHKl and 
PCHKO bits. 

8.8 Warp Mode 

In warp mode, an external write cycle or DMA single address mode transfer cycle and an internal 
access cycle (read/write to on-chip memory or on-chip peripheral modules) operate independently 
in parallel. The warp mode is entered by setting the warp mode bit (WARP) in the BCR to 1. This 
allows the LSI to be operated at high speed. 

When in the warp mode an external write cycle or DMA single address mode transfer cycle 
continues for at least 2 states and their is an internal access, only the external write cycle will be 
performed in the initial state. The external write cycle and internal access cycle will be performed 
in parallel from the next state on, without waiting for the end of the external write cycle. Figure 
8.34 shows the timing when an access to an on-chip peripheral module and an external write cycle 
are performed in parallel. 
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Figure 8.34 Warp Mode Timing (Access to On­
Chip Peripheral Module and External Write Cycle) 

8.9 Wait State Control 

The WCRl-WCR3 registers of the BSC can be set to control sampling of the WAIT signal when 
accessing various areas and the number of bus cycle states. Table 8.11 shows the number of bus 
cycle states when accessing various areas. 
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Table 8.11 Bus Cycle States when Accessing Address Spaces 

Address Space 

External memory (areas 
1,3-5,7) 

External memory (Areas 
0, 2, 6; long wait avail­
able) 

DRAM space (area 1) 

Multiplexed 1/0 space 
(area 6) 

On-chip peripheral 
module space (area 5) 

On-chip ROM (area 0) 

On-chip RAM (area 7) 

Address Space 

CPU Read Cycle, DMAC Dual Mode Read Cycle, DMAC Single 
Mode Memory ReadlWrite Cycle 

Corresponding Bits in WCR1 
and WCR2 = 0 

Corresponding Bits in WCR1 
and WCR2 = 1 

1 state fixed; WAIT signal ignored 2 states fixed + wait states from 
WAIT signal 

1 state + long wait state*, WAIT 
Signal ignored 

Column address cycle: 1 state, 
WAIT signal ignored (short pitch) 

1 state + long wait state* + wait 
states from WAIT signal 

Column address cycle: 2 states + 
wait states from WAIT signal (long 
pitch) 

4 states + wait states from WAIT signal 

3 states fixed, WAIT signal ignored 

1 state fixed, WAIT signal ignored 

1 state fixed, WAIT signal ignored 

CPU Write Cycle, DMAC Dual Mode Memory Write Cycle 
(WW1 of WCR1) 

WW1 of WCR1=0 WW1 of WCR1=1 

External memory (areas 1, 2 states fixed + wait states from WAIT signal 
3-5,7) 

External memory (Areas 0, 1 state + long wait state* + wait states from WAIT signal 
2,6; long wait available) 

DRAM space (area 1) Column address cycle: 1 state, 
WAIT Signal ignored (short pitch) 

Column address cycle: 2 states + 
wait states from WAIT signal (long 
pitch) 

Multiplexed 1/0 space 
(area 6) 

4 states + wait states from WAIT signal 

On-chip peripheral module 3 states fixed, WAIT signal ignored 
space (area 5) 

On-chip ROM (area 0) 1 state fixed, WAIT signal ignored 

On-chip RAM (area 7) 1 state fixed, WAIT signal ignored 

Note: The number of long wait states (1 to 4) is set in WCR3. 

For details on bus cycles when external spaces are accessed, see section 8.4, External Memory 
Space Access, section 8.5, DRAM Space Access, and section 8.6, AddresslData Multiplexed I/O 
Space Access. 
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Accesses of on-chip spaces are as follows: On-:-chip peripheral module spaces (area 5 when address 
bit A27 is 1) are always 3 states, regardless of the WCR, with no WAIT signal sampling. Accesses 
of on-chip ROM (area 0 when MD2-MDO are 010) and on-chip RAM (area 7 when address bit 
A27 is 0) are always performed in 1 state, regardless of the WCR, with no WAIT signal sampling. 

8.10 Bus Arbitration 

The SH microprocessor can release the bus to external devices when they request the bus. It has 
two internal bus masters, the CPU and the DMAC. Priorities for releasing the bus for these two are 
as follows. 

Bus request from external device> DMAC > CPU 

Thus, an external device has priority when it generates a bus request, even when the DMAC is 
doing a burst transfer. 

Note that when a refresh request is generated while the bus is released to an external device, 
BACK becomes high level and the bus right can be acquired to perform the refresh upon receipt of 
a BREQ = high level response from the external device. Input all bus requests from external 
devices to the BREQ pin. The signal indicating that the bus has been released is output from the 
BACK pin. Figure 8.35 illustrates the bus release procedure. 

SH microprocessor External device 

Bus request 

BREQ received 

Strobe pin: 
High-level output 

BACK acknowledge 
L--A_d_d_re_s_s_, d_a_tr-a_, s_t_ro_b_e_p_in_: ..... /ACK = lOW. _ High impedance 

Bus released 

Figure 8.35 Bus Release Procedure 
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8.10.1 The Operation of Bus Arbitration 

This LSI has the bus arbitration function which can give bus ownership to an external device when 
the device requests the bus ownership. When BREQ is input and the bus cycle being executed by 
the CPU or DMAC is completed, BACK becomes low and a bus is released for an external device. 
At this time, the following operates when bus arbitration conflicts with refresh. 

1. If DRAM refresh is requested in this LSI when a bus is released and BACK is low, BACK 
becomes high and the occurrence of the refresh request can be informed externally. At this 
time, the external device may generate a bus cycle when BREQ is low even if BACK is high. 
Therefore, a bus remains released to the external device. Then, when BREQ becomes high, 
this LSI gets bus ownership, and executes refresh and the bus cycle of the CPU or DMAC. 
After the external device gets bus ownership and BACK is low, refresh is requested when 
BACK becomes high even if the low level of BREQ is input. Therefore, turn BREQ high 
immediately to release a bus for this LSI to hold DRAM data (See figure 8.36). 

2. When BREQ changes from high to low and internal refresh is requested at the timing of the 

bus release of this LSI, BACK may remain high (do not become low). A bus is released to the 
external device since the low level of BREQ is input. This operation is based on the above 
specification (1). To hold DRAM data, tum BREQ high and release a bus to this LSI 
immediately when the external device detects that BACK does not change to low during a 

fixed time this LSI (See figure 8.37). When a refresh request is generated and BACK returns 
to high, as shown in figure 8.37, a momentary narrow pulse-shaped spike may be output 

. where BACK was originally supposed to become low. 

\1 
( 

'-.\'------1' 
Refresh dam and 

I 

I-Refresh execution ~ 

Figure 8.36 BACK Operation by Refresh Demand (1) 
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In case BACK does not become 

low level during a fixed period, 

___ ...,teturn BREQ to high level onc;}.....-___________ _ 

t V______ BACK = does not become low level. 
Refresh dam and 

Figure 8.37BA CK Operation by Refresh Demand (2) 

8.11 Usage Notes 

8.11.1 Usage Notes on Manual Reset 

Condition: When DRAM (long-pitch mode) is used and manual reset is performed. 

The low width of RAS output may be shorter than usual in reset (2.5 tcyc ~ 1.5 tcyc), causing the 

specified value (tRAS) of DRAM not to be satisfied. 

Corresponding DRAM conditions: long pitch/normal mode 

long pitchlhigh-speed page mode 

There are no problems regarding operations except for the above conditions. 

There are the following four cases (Figure 8.38 to Figure 8.41) for the output states of DRAM 
control signals (RAS, CAS, and WR) corresponding to RES latch timing. Actual output levels are 
shown by solid lines (not by dashed lines). 
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CK 

RES 
AO to A21 

RAS 
CAS 

WR 

ADO to AD15 

CK 

RES 
AO to A21 

WR 

ADO to AD15 

RES latch Tp Tr Tc1 Tc2 

, 
Data outpuT - - - --

Figure 8.38 Long - pitch Mode Write (1) 

\ I ________ I 

\_- ----- -,' 

----------------------------------------------------~o~--------~(----------------~)~-----\ ___________ .1 

Data output 

Figure 8.39 Long - pitch Mode Write (2) 
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CK 

RES 

Tp 

Manual reset 

Tr Tc1 Tc2 

AOtoA21------------------~'------~·r-----~,r-------~r-F-FF-F-.-.-•• ~------

CK 

RES 
AD to A21 

RAS 

CAS 

RD J 

, 
~----------......... ------ -' 

\ ' ---------, 

Figure 8.40 Long - pitch Mode Read (1) 

Manual reset 

, 
-' 

, ' ---------, 
, , 
' .. _- -----------, 

Figure 8.41 Long - pitch Mode Read (2) 

For the signal output shown by solid lines, DRAM data may not be held. Therefore, when DRAM 
data must be held after reset, take one of the countermeasures described as follows. 

1. When resetting manually, do this in watchdog timer (WDT) condition. 

2. Even if the Low width of RAS becomes as short as 1.5 tcyc as shown above, use with a 

frequency that satisfies the DRAM standard (tRAS). 

3. Even in case the Low width of RAS has become 1.5 tcyc, proceed by using the external 
circuit so that a RAS signal with a Low width of 2.5 tcyc is input in the DRAM (in case the 
Low width of RAS is higher than 2.5 tcyc, operate so that the current waveform is input in 
the DRAM). 
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The countermeasures are not required when DRAM data is initialized or loaded again after manual 

reset. 

8.11.2 Usage Notes on Parity Data Pins DPH and DPL 

The following specifies the setup time tDS of the parity dada DPH and DPL to CAS signal rising 

when the parity dada DPH and DPL are written to DRAM in long-pitch mode (early write). 

Table 8.12 Setup time of Parity Data DPH and DPL 

Item Symbol Min 

Data setup time to CAS tDS -5ns 
(for only DPH and DPL in long-pitch mode) 

Therefore, when writing parity data DPH and DPL to the DRAM in long-pitch mode, delay the 

WRH and WRL signals of this LSI and write with delayed writing. Normal data is also delay­
written, causing no problems. 

SH Micro- AAS 

computer CAS 

AD 

WAH orWAL 

CK 

Notes: 1. For preventing signal racing 

2. Negative edge latch 

Q DWAH or DWAL 

*2 Q 

Figure 8.42 Delayed-Write Control Circuit 

AAS DRAM 

CAS 

OE 

WE 
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Section 9 Direct Memory Access Controller (DMAC) 

9.1 Overview 

The SH microprocomputer chip includes a four-channel direct memory access controller (DMAC). 
The DMAC can be used in place of the CPU to perform high speed transfers between external 
devices that have DACK (transfer request acknowledge signal), external memory, memory­
mapped external devices, on-chip memory and on-chip peripheral modules (excluding the DMAC 
itself). U sing the DMAC reduces the burden on the CPU and increases overall operating 
efficiency. 

9.1.1 Features 

The DMAC has the following features. 

• Four channels 

• Four Gbytes of address space on the architecture 

• Byte or word selectable data transfer unit 

• 65536 transfers (maximum) 

• Single address mode transfers (channels 0 and 1): Either the transfer source or transfer 
destination (peripheral device) is accessed by a DACK signal (selectable) while the other is 
accessed by address. 1 transfer unit of data is transferred in each bus cycle. 

Device combinations able to transfer: 

External devices with DACK and memory-mapped external devices (including external 
memories) 

External devices with DACK and memory-mapped external memories 

• Dual address mode transfer: (channels 0-3): Both the transfer source and transfer destination are 
accessed by address. 1 transfer unit of data is transferred in 2 bus cycles. 

Device combinations able to transfer: 

Two external memories 

External memory and memory-mapped external devices 

Two memory-mapped devices 

External memory and on-chip memory 

Memory-mapped external devices and on-chip peripheral module (excluding the DMAC 
itself) 

External memory and on-chip memory 

Memory-mapped external device and on-chip peripheral module (excluding the DMAC) 

Two on-chip memories 

On-chip memory and on-chip peripheral modules (excluding DMAC) 

Two on-chip peripheral modules (excluding DMAC) 
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• Transfer requests 

- External request (From DREQ pins (channels 0 and 1 only). DREQ can be detected either 
by edge or by level) 

- Requests from on-chip peripheral modules (serial communications interface (SCI), AID 
converter (AID) and 16-bit integrated-timer pulse unit (lTV» 

- Auto-request (the transfer request is generated automatically within the DMAC) 

• Selectable bus modes: Cycle-steal mode or burst mode 

• Selectable channel priority levels: Fixed, round-robin, or external-pin round-robin modes 

• CPU can be asked for interrupt when data transfer ends 

• Maximum transfer rate 

- 20 M wordsls (320 MB/s) 

For 5V and 20 MHz 

Bus mode: Burst mode 

Transmit size: Word 

9.1.2 Block Diagram 

Figure 9.1 is a block diagram of the DMAC. 
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DREQO,DREQ1 ----~~~~~~ 
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NO converter ------<I--+--t---h 

DACKO,DACK1+---~~-4-4~~ 

External device 
(memory 
mapped) 

External 
device (with 

acknowledge) 

DMAOR: DMA operation register 

SARn: DMA source address register 

DARn: DMA destination address register 

TeRn: DMA transfer count register 

CHCRn: DMA channel control register 

Bus interface 

DEln: DMA transfer-end interrupt request to CPU. 

n:D-3 

Figure 9.1 DMAC Block Diagram 

DMAC 
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9.1.3 Pin Configuration 

Table 9.1 shows the DMAC pins. 

Table 9.1 Pin Configuration 

Channel Name 

0 DMA transfer request 

DMA transfer request 
acknowledge 

DMA transfer request 

DMA transfer request 
acknowledge 
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Symbol 

DREQO 

DACKO 

DREQ1 

DACK1 

VO 

0 

0 

Function 

DMA transfer request input from 
external device to channel 0 

DMA transfer request acknowledge 
output from channel 0 to external device 

DMA transfer request input from 
external device to channel 1 

DMA transfer request acknowledge 
output from channel 1 to external device 



9.1.4 Register Configuration 

Table 9.2 summarizes the DMAC registers. DMAC has a total of 17 registers. Each channel has 
four control registers. One other control register is shared by all channels. 

Table 9.2 DMAC Registers 

Abbrevi- Initial Access 
Channel Name ation RIW Value Address Size 

0 DMA source address register 0 SARO*3 RIW Undefined H'5FFFF40 16,32 

DMA destination address DARO*3 RIW Undefined H'5FFFF44 16,32 
register 0 

DMA transfer count register 0 TCRO*3 RIW Undefined H'5FFFF4A 16,32 

DMA channel control register 0 CHCRO R/(W)*1 H'OOOO H'5FFFF4E 8,16,32 

DMA source address register 1 SAR1*3 RIW Undefined H'5FFFF50 16,32 

DMA destination address DAR1*3 RIW Undefined H'5FFFF54 16,32 
register 1 

DMA transfer count register 1 TCR1*3 RIW Undefined H'5FFFF5A 16,32 

DMA channel control register 1 CHCR1 RI(W)*1 H'OOOO H'5FFFF5E 8,16,32 

2 DMA source address register 2 SAR2*3 RIW Undefined H'5FFFF60 16,32 

DMA destination address DAR2*3 RIW Undefined H'5FFFF64 16,32 
register 2 

DMAtransfer count register 2 TCR2*3 RIW Undefined H'5FFFF6A 16,32 

DMA channel control register 2 CHCR2 RI(W)*1 H'OOOO H'5FFFF6E 8,16,32 

3 DMA source address register 3 SAR3*3 RIW Undefined H'5FFFF70 16,32 

DMA destination address DAR3*3 RIW Undefined H'5FFFF74 16,32 
register 3 

DMA transfer count register 3 TCR3*3 RIW Undefined H'5FFFF7 A 16,32 

DMA channel control register 3 CHCR3 RI(W)*1 H'OOOO H'5FFFF7E 8, 16, 32 

Shared DMA operation register DMAOR R/(W)*2 H'OOOO H'5FFFF48 8,16,32 

Notes: 1. Write 0 alone in bit 1 of CHCRO-CHCR3 to clear flags. 

2. Write 0 alone in bits 1 and 2 of the DMAOR to clear flags. 

3. Access SARO-SAR3, DARO-DAR3, and TCRO-TCR3 by long word or word. If byte 
access is used when writing, the value of the register contents becomes undefined; if 
used when reading, the value read is undefined. 
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9.2 Register Descriptions 

9.2.1 DMA Source Address Registers 0-3 (SARO-SAR3) 

DMA source address registers 0-3 (SARO-SAR3) are 32-bit read/write registers that specify the 
source address of a DMA transfer. During a DMA transfer, these registers indicate the next source 
address (in single-address mode, SAR is ignored in transfers from external devices with DACK to 
memory-mapped external devices or external memory). 

The initial value after resets or in standby mode is undefined. 

Bit: 31 30 29 28 27 26 25 24 

Bit name: I 
Initial value: 

RIW: R!W RIW R!W R!W R!W R!W RIW RIW 

Bit: 23 22 21 20 0 

Bit name: I 
Initial value: 

R!W: R!W RIW R!W R!W R!W 

9.2.2 DMA Destination Address Registers 0-3 (DARO-DAR3) 

DMA destination address registers 0-3 (DARO-DAR3) are 32-bit read/write registers that specify 
the destination address of a DMA transfer. During a DMA transfer, these registers indicate the 
next destination address (in single-address mode, DAR is ignored in transfers from memory­
mapped external devices or external memory to external devices with DACK). The initial value 
after resets or in standby mode is undefined. 

Bit: 31 30 29 28 27 26 25 24 

Bit name: I 
Initial value: 

R!W: R!W RIW R!W R!W R!W R!W RIW R!W 

Bit: 23 22 21 20 0 

Bit name: I 
Initial value: 

R!W: RIW RIW R!W R!W RIW 
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9.2.3 DMA Transfer Count Registers 0-3 (TCRO-TCR3) 

DMA transfer count registers 0-3 (TCRO-TCR3) are 16-bit read/write registers that specify the 

DMA transfer count (bytes or words). The number of transfers is 1 when the setting is H'OOOl, 

65535 when the setting is H'FFFF and 65536 (the maximum) when H'OOOO is set. During a DMA 

transfer, these registers indicate the remaining transfer count. The initial value after resets or in 

standby mode is undefined. 

Bit: 15 14 13 12 11 10 9 8 

Bit name: ~I ____ ~ ______ ~ ____ ~ ____ ~ ______ ~ ____ ~ ____ ~ ____ ~ 
Initial value: 

R1W: RIW RIW RIW RIW RIW RIW RIW RIW 

Bit: 7 6 5 4 3 2 o 
Bitname:~1 ----~------~----~----~------~----~----~----~ 

Initial value: 

R1W: RIW RIW RIW RIW RIW RIW RIW RIW 

9.2.4 DMA Channel Control Registers 0-3 (CHCRO-CHCR3) 

DMA channel control registers 0-3 (CHCRO-CHCR3) are 16-bit read/write registers that control 

the DMA transfer mode. They also indicate DMA transfer status. They are initialized to H'OOOO by 

a reset or standby mode. 

Bit: 15 14 13 12 11 10 9 8 

Bit name: I DM1 DMO SM1 SMO RS3 RS2 RS1 RSO 

Initial value: 0 0 0 0 0 0 0 0 

R1W: RIW RIW RIW RIW RIW RIW RIW RIW 

Bit: 7 6 5 4 3 2 1 0 

Bit name: I AM AL DS TM TS IE TE DE 

Initial value: 0 0 0 0 0 0 0 0 

R1W: RI(W)*2 RI(W)'2 R/(W)'2 RIW RIW RIW R/(W)* RIW 

Notes: 1. Write only 0 to clear the flag: 

2. Writing is effective only for CHCRO and CHCR1. 
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• Bits 15 and 14 (destination address mode bits 1,0 (OMI and OMO»: OMI and OMO select 
whether the OMA destination address is incremented, decremented, or left fixed (in the single 
address mode, OM 1 and OMO are ignored when transfers are made from memory-mapped 
external devices or external memory to external devices with OACK). OMI and OMO are 
initialized to 00 by resets or in standby mode. 

Bit 15: DM1 Bit 14: DMO 

o o 
o 

o 

Description 

Fixed destination address (initial value) 

Destination address is incremented (+ 1 or +2 depending on if 
the transfer size is word or byte) 

Destination address is decremented (-1 or -2 depending on if 
the transfer size is word or byte) 

Reserved (illegal setting) 

• Bits 13 and 12 (source address mode bits 1,0 (SMI and SMO»: SMI and SMO select whether 
the OMA source address is incremented, decremented, or left fixed (in the single address mode, 
SMI and SMO are ignored when transfers are made from external devices with OACK to 
memory-mapped external devices or external memory). SMI and SMO are initialized to 00 by 
resets or in standby mode. 

Bit 13: SM1 Bit 12: SMO 

o o 
o 

o 

Description 

Fixed source address (initial value) 

Source address is incremented (+1 or +2 depending on if the 
transfer size is word or byte) 

Source address is decremented (-1 or -2 depending on if the 
transfer size is word or byte) 

Reserved (illegal setting) 

• Bits 11-8 (resource select bits 3-0 (RS3-RSO»: RS3-RSO specify which transfer requests will 
be sent to the OMAC. 00 not change the transfer request source unless the OMA enable bit 
(DE) is O. The RS3-RSO bits are initialized to 0000 by resets or in standby mode. 
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Bit 11: Bit 10: Bit 9: 
RS3 RS2 RS1 

o 0 0 

o 0 0 

o o 
o o 
o o 

o o 

o 

o 

o o 

o o 

o 

o 

o 

o 

Bit 8: 
RSO Description 

o DREQ (External request*1, dual address mode) (initial value) 

o 

o 

o 

o 

o 

o 

o 

Reserved (illegal setting) 

DREQ (External request*1, single address mode*2) 

DREQ (External request*1, single address mode*3) 

RXIO (On-chip serial communication interface 0 receive data 
full interrupt transfer request)*4 

TXIO (On-chip serial communication interface 0 transmit data 
empty interrupt transfer request)*4 

RXI1 (On-chip serial communication interface 1 receive data 
full interrupt transfer request)*4 

TXI1 (On-chip serial communication interface 1 transmit data 
empty interrupt transfer request)*4 

IMIAO (On-chip ITUO input capture/compare-match A interrupt 
transfer request)*4 

IMIA1 (On-chip ITU1 input capture/compare-match A interrupt 
transfer request)*4 

IMIA2 (On-chip ITU2 input capture/compare-match A interrupt 
transfer request)*4 

IMIA3 (On-chip ITU3 input capture/compare-match A interrupt 
transfer request)*4 

Auto-request (Transfer requests automatically generated within 
DMAC)*4 

ADI (AID conversion end interrupt request of on-chip AID 
converter)*4 

Reserved (illegal setting) 

Reserved (illegal setting) 

SCIO, SCI1: Serial communications interface channels 0 and 1. 

ITUo-ITU3: Channels 0-3 of the 16-bit integrated-timer pulse unit. 

Notes: 1. These bits are valid only in channels 0 and 1. None of these request sources can be 
selected in channels 2 and 3. 

2. Transfer from memory-mapped external device or external memory to external device 
with DACK. 

3. Transfer from external device with DACK to memory-mapped external device or 
external memory. 

4. Dual address mode. 
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• Bit 7 (acknowledge mode bit (AM»: In the dual address mode, AM selects whether the DACK 
signal is output during the data read cycle or write cycle. This bit is valid only in channels 0 and 
1. The AM bit is initialized to 0 by resets or in standby mode. The AM bit is not valid in single 
address mode. 

Bit 7: AM Description 

o DACK is output in read cycle (initial value) 

DACK is output in write cycle 

• Bit 6 (acknowledge Level Bit (AL»: AL selects active high signal or active low signal for the 
DACK signal. This bit is valid only in channels 0 and l. The AL bit is initialized to 0 by resets 
or in standby mode. . 

Bit 6: AL Description 

o DACK is active high (initial value) 

DACK is active low 

• Bit 5 (DREQ select bit (DS»: DS selects the DREQ input detection method used. This bit is 
valid only in channels 0 and 1. The DS bit is initialized to 0 by resets or in standby mode. 

Bit 5: OS Description 

o DREQ detected by low level (initial value) 

DREQ detected by falling edge 

• Bit 4 (transfer bus mode bit (TM»: TM selects the bus mode for DMA transfers. The TM bit is 
initialized to 0 by resets or in standby mode. When the source of the transfer request is an on­
chip peripheral module, see table 9.4, Selecting On-Chip Peripheral Module Request Modes 
with the RS Bit. 

Bit 4: TM Description 

o Cycle-steal mode (initial value) 

Burst mode 
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• Bit 3 (transfer size bit (TS»: TS selects the transfer unit size. If the on-chip peripheral module 
that is the source or destination of the transfer can only be accessed in bytes, byte must be 
selected in this bit. The TS bit is initialized to 0 by resets or in standby mode. 

Bit 3: TS Description 

o Byte (8 bits) (initial value) 

Word (16 bits) 

• Bit 2 (interrupt enable bit (IE»: IE determines whether or not to request a CPU interrupt at the 
end of a DMA transfer. When the IE bit is set to 1, an interrupt (DEI) is requested from the CPU 
when the TE bit is set. The IE bit is initialized to 0 by resets or in standby mode. 

Bit 2: IE Description 

o Interrupt request disabled (initial value) 

Interrupt requeste enabled 

• Bit 1 (transfer end flag bit (TE»: TE indicates that the transfer has ended. When a DMA transfer 
ends nonnally and the value in the DMA transfer count register (TCR) becomes 0, the TE bit is 
set to 1. This flag is not set if the transfer ends because of an NMI interrupt or address error, or 
because the DE bit or the DME bit of the DMA operation register (DMAOR) was cleared. To 
clear the TE bit, read 1 from it and then write O. 

When this flag is set, setting the DE bit to 1 does not enable a DMA transfer. The TE bit is 
initialized to 0 by resets or in standby mode. 

Bit 1: TE Description 

o DMA has not ended or was aborted (initial value) 

Cleared by reading 1 from the TE bit and then writing O. 

DMA has ended normally 
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• Bit 0 (DMA enable bit (DE»: DE enables or disables DMA transfers. In the auto-request mode, 
the transfer starts when this bit or the DME bit of the DMAOR is set to I. The TE bit and the 
NMIF and AE bits of the DMAOR must be all cleared to O. In external request mode or on-chip 
peripheral module request mode, the transfer begins when the DMA transfer request is received 

from said device or on-chip peripheral module, provided this bit and the DME bit are set to 1. 
As with the auto request mode, the TE bit and the NMIF and AE bits of the DMAOR must be 

all cleared to O. The transfer can be stopped by clearing this bit to O. 

The DE bit is initialized to 0 by resets or in standby mode. 

Bit 0: DE Description 

o DMA transfer disabled (initial value) 

DMA transfer enabled 

9.2.5 DMA Operation Register (DMAOR) 

The.DMA operation register (DMAOR) is a 16-bit read/write register that controls the DMA 
transfer mode. It also indicates the DMA transfer status. It is initialized to H'OOOO by a reset or the 

standby mode. 

Bit: 15 14 13 12 11 10 9 8 

Bit name: I PR1 PRO 

Initial value: 0 0 0 0 0 0 0 0 

R/W: R R R R R R RIW R/W 

Bit: 7 6 5 4 3 2 1 0 

Bit name: I AE NMIF DME 

Initial value: 0 0 0 0 0 0 0 0 

R/W: R R R R R R/(W)* R/(W)* R 

Note: Write only 0 to clear the flag. 
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• Bits 15-10 (reserved): These bits always read O. The write value should always be O. 

• Bits 9 and 8 (priority mode bits 1 and 0 (PRI and PRO»: PRI and PRO select the priority level 
between channels when there are transfer requests for multiple channels simultaneously. 

Bit 9: PR1 Bit 8: PRO 

o o 

o 
o 

Description 

Fixed priority order (Ch. 0 > Ch. 3 > Ch. 2 > Ch. 1) (initial 
value) 

Fixed priority order (Ch. 1 > Ch. 3 > Ch. 2 > Ch. O) 

Round-robin mode priority order (the priority order immediately 
after a reset is Ch. 0 > Ch. 3 > Ch. 2 > Ch. 1) 

External-pin round-robin mode priority order (the priority order 
immediately after a reset is Ch. 3> Ch. 2 > Ch. 1 > Ch. O) 

• Bits 7-3 (reserved): These bits always read O. The write value should always be O. 

• Bit 2 (address error flag bit (AE»: AE indicates that an address error occurred in the DMAC. 
When this flag is set to 1, the channel cannot be enabled even if the DE bit in the DMA channel 
control register (CHCR) and the DME bit are set to 1. To clear the AE bit, read 1 from it and 
then write O. It is initialized to 0 by a reset or the standby mode. 

Bit 2: AE Description 

o No DMAC address error (initial value) 

To clear the AE bit, read 1 from it and then write O. 

Address error by DMAC 

• Bit 1 (NMI Flag Bit (NMIF»: NMIF indicates that an NMI interrupt occurred. When this flag is 
set to 1, the channel cannot be enabled even if the DE bit in the CHCR and the DME bit are set 
to 1. To clear the NMIF bit, read 1 from it and then write o. It is initialized to 0 by a reset or the 
standby mode. 

Bit 1: NMIF Description 

o No NMI interrupt (initial value) 

To clear the NMIF bit, read 1 from it and then write O. 

NMI has occurred 
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• Bit ° (DMA master enable bit (DME»: DME enables or disables DMA transfers on all 
channels. A channel becomes enabled for a DMA transfer when the DE bit in each DMA's 
CHCR and the DME bit are set to 1. For this to be effective, however, the TE bit of each CHCR 
and the NMIF and AE bits must all be O. When the DME bit is cleared, all channel DMA 
trans fers are aborted. 

Bit 0: DME Description 

o Disable DMA transfers on all channels (initial value) 

Enable DMA transfers on all channels 

9.3 Operation 

When there is a DMA transfer request, the DMAC starts the transfer according to the 
predetermined channel priority order; when the transfer end conditions are satisfied, it ends the 
transfer. Transfers can be requested in three modes: auto-request, external request, and on-chip 
module request. Transfer can be in either the single address mode or the dual address mode. The 
bus mode can be either burst or cycle steal 

9.3.1 DMA Transfer Flow 

After the DMA source address registers (SAR), DMA destination address registers (DAR), DMA 

transfer count registers (TCR), DMA channel control registers (CHCR), and DMA operation 
register (DMAOR) are set, the DMAC transfers data according to the following procedure: 

1. Checks to see if transfer is enabled (DE = 1, DME = 1, TE = 0, NMIF = 0, AE = 0) 

2. When a transfer request comes and transfer is enabled, the DMAC transfers 1 transfer unit of 
data (for an auto-request, the transfer begins automatically when the DE bit and DME bit are 
set to 1. The TCR value will be decremented by 1). The actual transfer flows vary by address 
mode and bus mode. 

3. When the specified number of transfer have been completed (when TCR reaches 0), the 
transfer ends normally. If the IE bit of the CHCR is set to 1 at this time, a DEI interrupt is sent 
to the CPU. 

4. When an address error occurs in the DMAC or an NMI interrupt is generated, the transfer is 
aborted. Transfers are also aborted when the DE bit of the CHCR or the DME bit of the 
DMAOR are changed to 0. 

Figure 9.2 is a flowchart of this procedure. 
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Initial settings 
(SAR, DAR, TCR, CHCR, DMAOR) 

Transfer (1 transfer unit); TCR-1 
-7 TCR, SAR and DAR updated 

DEI interrupt request 
(when IE = 1) 

Transfer aborted 

Notes: 1. In auto-request mode, transfer begins when NMIF, AE and TE are all 0 and the DE 
and DME bits are set to 1. 

2. DREQ = level detection in the burst mode (external request), or cycle steal mode. 

3. DREQ = edge detection in the burst mode (external request), or auto request mode 
in burst mode. 

Figure 9.2 DMA Transfer Flowchart 
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9.3.2 DMA Transfer Requests 

DMA transfer requests are basically generated in either the data transfer source or destination, but 
they can also be generated by devices and on-chip peripheral modules that are neither the source 
nor the destination. Transfers can be requested in three modes: auto-request, external request, and 
on-chip module request. The request mode is selected in the RS3-RSO bits of the DMA channel 
control registers 0-3 (CHCRO-CHCR3). 

Auto-Request Mode: When there is no transfer request signal from an external source, as in a 
memory-to-memory transfer or a transfer between memory and an on-chip peripheral module 
unable to request a transfer, the auto-request mode allows the DMAC to automatically generate a 
transfer request signal internally. When the DE bits of CHCRO-CHCR3 and the DME bit of the 
DMAORare set to 1, the transfer begins (so long as the TE bits of CHCRO-CHCR3 and the NMIF 
and AE bits of DMAOR are all 0). 

External Request Mode: In this mode a transfer is performed at the request signal (DREQ) of an 
external device. Choose one of the modes shown in table 9.3 according to the application system. 
When this mode is selected, if the DMA transfer is enabled (DE = 1, DME = 1, TE = 0, NMIF = 0, 

AE = 0), a transfer is performed upon a request at the DREQ input. Choose to detect DREQ by 
either the falling edge or low level of the signal input with the DS bit of CHCRO-CHCR3 (DS = 0 
is level detection, DS = 1 is edge detection). The source of the transfer request does not have to be 
the data transfer source or destination. 

Table 9.3 Selecting External Request Modes with the RS Bits 

RS3 RS2 RS1 RSO Address Mode Source Destination 

0 0 0 0 Dual address Any* Any* 
mode 

0 0 0 Single address External memory or External device with 
mode memory-mapped DACK 

external device 

0 0 Single address External device with External memory or 
mode DACK m emory-m apped 

external device 

Note: External memory, memory-mapped external device, on-chip memory, on-chip peripheral 
module (excluding DMAC) 

On-Chip Module Request: In this mode a transfer is performed at the transfer request signal 
(interrupt request signal) of an on-chip module. The transfer request signals include the receive 
data full interrupt (RXI) of the serial communication interface (SCI), the transmit data empty 
interrupt (TXI) of the SCI, the input capture A/compare match A interrupt request (IMIA) of the 
16-bit integrated-pulse timer (lTV), and the ND conversion end interrupt (ADI) of the AID 
converter (table 9.4). When this mode is selected, if the DMA transfer is enabled (DE = 1, DME = 
1, TE = 0, NMIF = 0, AE = 0), a transfer is performed upon the input of a transfer request signal. 
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The source of the transfer request does not have to be the data transfer source or destination. When 
RXI is set as the transfer request, however, the transfer source must be the SCI's receive data 
register (RDR). Likewise, when TXI is set as the transfer request, the transfer source must be the 
SCI's transmit data register (TDR). And if the transfer requester is the AID converter, the data 
transfer source must be the AID converter register. 

Table 9.4 Selecting On-Chip Peripheral Module Request Modes with the RS Bit 

DMA 
Transfer 
Request DMA Transfer Request Destln- Bus Mode 

RS3 RS2 RS1 RSO Source Signal Source ation 

0 0 0 SCIO RXIO (SCIO receive data full RDRO Any· Cycle steal 
receiver interrupt transfer request) 

0 0 SCIO TXIO (SCIO transmit data Any TDRO Cycle steal 
transmitter empty interrupt transfer 

request) 

0 0 SCI1 RXI1 (SCI1 receive data full RDR1 Any· Cycle steal 
receiver interrupt transfer request) 

0 SCI1 TXI1 (SCI1 transmit data Any· TDR1 Cycle steal 
transm itter empty interrupt transfer 

request) 

0 0 0 ITUO IMIAO (lTUO input capture AI Any· Any· Burst/Cycle 
compare-match A) steal 

0 0 ITU1 IMIA1 (ITU1 input capture AI Any* Any* Burst/Cycle 
compare-match A) steal 

0 0 ITU2 IMIA2 (ITU2 input capture AI Any* Any* Burst/Cycle 
compare-match A) steal 

0 ITU3 IMIA3 (lTU3 input capture AI Any· Any* Burst/Cycle 
compare-match A) steal 

0 AID ADI (AID conversion end ADDR Any Burst/Cycle 
converter interrupt) steal 

SCIO, SCI1: Serial communications interface channels 0 and 1 

ITUD-ITU3: Channels 0-3 of the 16-bit integrated-timer pulse unit. 

RDRO, RDR1: Receive data registers 0, 1 of SCI 

TDRO, TDR1: Transmit data registers 0, 1 of SCI 

ADDR: AID data register of AID converter 

Note: External memory, memory-mapped external device, on-chip memory, on-chip peripheral 
module (excluding DMAC) 

When outputting transfer requests from on-chip peripheral modules, the appropriate interrupt 
enable bits must be set to output the interrupt signals. Note that transfer request signals from on­
chip peripheral modules (interrupt request signals) are sent not just to the DMAC but to the CPU 
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as well. When an on-chip peripheral module is specified as the transfer request source. set the 
priority level values in the interrupt priority level registers (lPRC-IPRE) of the interrupt controller 
(INTC) at or below the levels set in the I3-IO bits of the CPU's statuS register (SR) so that the 
CPU does not acknowledge the interrupt request signal. 

The DMA transfer request signals of table 9.4 are automatically withdrawn when the 
corresponding DMA transfer is performed. If the cycle steal mode is being employed, the DMA 
transfer request (interrupt request) will be cleared at the first transfer; if the burst mode is being 
used, it will be cleared at the last transfer. 

9.3.3 Channel Priority 

When the DMAC receives simultaneous transfer requests on two or more channels, it selects a 
channel according to a predetermined priority order. The three modes (fixed mode, round-robin 
mode, and external-pin round-robin mode) are selected by the priority bits PRI and PRO in the 
DMA operation register. 

Fixed Mode: In these modes, the priority levels among the channels remain fixed. When PR I and . 
PRO bits are set 00, the priority order, high to low, is Ch. 0 > Ch. 3 > Ch. 2 > Ch. I. When PR I 
and PRO bits are set 01, the priority order, high to low, is Ch. I > Ch. 3> Ch. 2> Ch. O. 

Round-Robin Mode: Each time one word or byte is transferred on one channel, the priority order 
is rotated. The channel on which the transfer was just finished rotates to the bottom of the priority 
order. When necessary, the priority order of channels other than the one that just finished the 
transfer can also be shifted to keep the relationship between the channels from changing 
(figure 9.3). The priority order immediately after a reset is channel 0 > channel 3> channel 2 > 
channell. 
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(1) When channel 0 transfers 
~----------~----~ 

Initial priority order chO > ch3 > ch2 > ch 1 

Priority order 
after transfer 

(2) When channel 3 transfers 

Initial priority order 

Priority order 
after transfer 

~----------------~ 

~----~----------~ 

(3) When channel 2 transfers 

Initial priority order 

Priority order 
after transfer 

~----------------~ 

~~--~--~------~ 

Channel 0 becomes 
bottom priority 

Channel 3 becomes bottom 
priority. The priority of channel 
0, which was higher than 
channel 3, is also shifted. 

Channel 2 becomes bottom 
priority. The priority of channels 
Oand 3, which were higher than 
channel 2, are also shifted. 

Post-transfer priority order when 
there is an immediate transfer 
request to channel 3 only 

If immediately thereafter there 
is a request to transfer channel 
3 only, channel 3 becomes 
bottom priority and the priority 
of channels 0 and 1, which 
were higher than channel 3, 

r-"'-----L--.lI'---~ are also sh ifted. 

(4) When channel 1 transfers 
r-----------------~ 

Initial priority order 
~-------------r--~ 

Priority order does not change 

Priority order 
after transfer 

Figure 9.3 Round-Robin Mode 

Figure 9.4 shows how the priority order changes when channel 0 and channell transfers are 
requested simultaneously and a channel 3 transfer is requested during the channel 0 transfer. The 
DMAC operates as follows: 

1. Transfer requests are generated simultaneously to channels 1 and O. 
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2. Channel 0 has a higher priority, so the channel 0 transfer begins first (channell waits for 
transfer). 

3. A channel 3 transfer request occurs during the channel 0 transfer (channels 1 and 3 are both 
waiting) 

4. When the channel 0 transfer ends, channel 0 becomes lowest priority. 

5. At this point, channel 3 has a higher priority than channell, so the channel 3 transfer begins 
(channell waits for transfer). 

6. When the channel 3 transfer ends, channel 3 becomes lowest priority. 

7. The channel 1 transfer begins. 

8. When the channell transfer ends, channels 1 and 2 shift downward in priority so that channel 
1 becomes the lowest priority. 

I Transfer request II Waiting channel(s) II DMAC operation I I Channel priority I 
(1) Channels 0 and 1 ---. 

(3) Channel 3 ----. 

1,3 

None 

(2) Channel 0 
transfer starts ... 

Priority order 
(4) Channel 0 changes .. 

transfer ends 

(5) Channel 3 ~ 
transfer starts 

l Priority order 

(6) Channel 3 changes .. 
transfer ends 

(7) Channel 1 .~ 
transfer starts 

l Priority order 

(8) Channel 1 changes .. 
transfer ends 

0>3>2>1 

3>2>1>0 

2>1>0>3 

0>3>2>1 

Figure 9.4 Changes in Channel Priority in Round-Robin Mode 

External-Pin Round-Robin Mode: External-pin round-robin mode switches the priority levels of 
channel 0 and channell, which are the channels that can receive transfer requests from external 
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pins DREQO and DREQ 1. The priority levels are changed after each (byte or word) transfer on 
channel 0 or channel 1 is completed. The channel which just finished the transfer rotates to the 
bottom of the priority order. The priority levels of channels 2 and 3 do not change. The initial 
priority order after a reset is channel 3 > channel 2> channell> channel O. 

Figure 9.5 shows how the priority order changes when channel 0 and channel 1 transfers are 
requested simultaneously and a channel 0 transfer is requested again after both channels finish 
their transfers. The DMAC operates as follows: 

1. Transfer requests are generated simultaneously to channels 1 and O. 

2. Channell has a higher priority, so the channell transfer begins first (channel 0 waits for 
transfer). 

3. When the channell transfer ends, channell becomes lowest priority. 

4. The channel 0 transfer begins. 

5. When the channel 0 transfer ends, channel 0 becomes lowest priority. 

6. A channel 0 transfer request occurs again. 

7. The channel 0 transfer begins. 

8. When the channel 0 transfer ends, the priority order does not change, because channel 0 is 
already the lowest priority. 
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ITransfer request II Waiting channel(s) II DMAC operation I I Channel priority I 
(1) Channels ----.. 

o and 1 
(2) Channel 1 

transfer starts ~ 3>2>1>0 

0 ~ Priority order 
(3) Channel 1 changes 

~ 3>2>0>1 
transfer ends 

(4) Channel 0 ~ 
transfer starts 

None ~ Priority order 

(5) Channel 0 changes .. 3>2>1>0 
transfer ends 

~tingfOr 
(6) Channel 0 ----.. (7) Channel 0 transfer request 

transfer starts 

None ~ Priority order 

(8) Channel 0 does not change 
3>2>1>0 

transfer ends 
~ 

Figure 9.5 Example of Changes in Priority in External-Pin Round-Robin Mode 
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9.3.4 DMA Transfer Types 

The DMAC supports the transfers shown in table 9.5. It can operate in the single address mode or 
dual address mode, which are defined by how many bus cycles the DMAC takes to access the 
transfer source and transfer destination. The actual transfer operation timing varies with the bus 
mode. The DMAC has two bus modes: cycle-steal mode and burst mode. 

Table 9.S Supported DMA Transfers 

External 
Device with 

Source DACK 

External device with DACK Not available 

External memory Single 

Memory-mapped external Single 
device 

On-chip memory Not available 

On-chip peripheral module Not available 

Single: Single address mode 

Dual: Dual address mode 

Address Modes: 

• Single Address Mode 

External 
Memory 

Single 

Dual 

Dual 

Dual 

Dual 

Destination 

Memory-
Mapped On-Chip 
External On-Chip Peripheral 
Device Memory Module 

Single Not available Not available 

Dual Dual Dual 

Dual Dual Dual 

Dual Dual Dual 

Dual Dual Dual 

In the single address mode, both the transfer source and destination are external; one 
(selectable) is accessed by a DACK signal while the other is accessed by an address. In this 
mode, the DMAC performs the DMA transfer in 1 bus cycle by simultaneously outputting a 
transfer request acknowledge DACK signal to one external device to access it while outputting 

an address to the other end of the transfer. Figure 9.6 shows an example of a transfer between an 
external memory and an external device with DACK in which the external device outputs data 
to the data bus while that data is written in external memory in the same bus cycle. 
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External address bus 

SH microcomputer 

E 

DACK 

.----~: Data flow 

External data bus 

External 
memory 

External device 
with DACK 

Note: The read/write direction is decided by the RS3-RSO bits of the CHCRn resisters. If 
RS3-RSO = 0010, the direction is shown as case 1 (circled number above); if RS3-RSO 
= 0011, the direction is shown as case 2. Also, DACK output (when reading) described in 
the Electric Characteristics section indicates case 1 , and DACK output (when writing) 
indicates case 2. 

Figure 9.6 Data Flow in Single Address Mode 

Two types of transfers are possible in the single address mode: 1) transfers between external 
devices with DACK and memory-mapped external devices, and 2) transfers between external 
devices with DACK and external memory. The only transfer requests for either of these is the 
external request (DREQ). Figure 9.7 shows the DMA transfer timing for the single address 
mode. 

The DACK output when a transfer occurs from an external device with DACK to a memory­
mapped external device is the write waveform. The DACK output when a transfer occurs from 
a memory-mapped external device to an external device with DACK is the read waveform. The 
setting of the acknowledge mode (AM) bits in the channel control registers (CHCRO, CHCRI) 

have no effect. 
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CK 

A21-AO =>< _____ ><=== +--- Address output to external memory space 

015-00 ~ ) >-- +--- Data that is output from the external 
.~ ___ ---J device with OACK 

OACK ~ +--- OACK signal to external devices with 
OACK (active low) 

WRH~ r--
WRL '---I +--- WR signal to external memory space 

(a) External device with OACK to external memory space 

CK 

A21-AO =>< ____ ><== .--- Address output to external memory space 

015-00 ( >--.--- Data that is output from external memory space 

RO ~ .--- RO signal to external memory space 

OACK ~ .--- OACK signal to external device with OACK 
(active low) 

(b) External memory space to external device with OACK 

Figure 9.7 Example ofDMA Transfer Timing in the Single Address Mode 

• Dual Address Mode 

In the dual address mode, both the transfer source and destination are accessed (selectable) by 

an address. The source and destination can be located externally or internally. The source is 
accessed in the read cycle and the destination in the write cycle, so the transfer is performed in 
two separate bus cycles. The transfer data is temporarily stored in the DMAC. Figure 9.8 shows 
an example of a transfer between two external memories in which data is read from one memory 

in the read cycle and written to the other memory in the following write cycle. 
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External data bus 

.----~ : Data flow 
1: Read cycle 
2: Write cycle 

External 
memory 

External 
memory 

Figure 9.8 Data Flow in Dual Address Mode 

In the dual address mode transfers, external memory, memory-mapped external devices, on-chip 
memory and on-chip peripheral modules can be mixed without restriction. Specifically, this 
enables the following transfer types: 

1. External memory and external memory transfer 

2. External memory and memory-mapped external devices transfer 

3. Memory-mapped external devices and memory-mapped external devices transfer 

4. External memory and on-chip memory transfer 

5. External memory and on-chip peripheral modules (excluding the DMAC) transfer 

6. Memory-mapped external devices and on-Chip memory transfer 

7. Memory-mapped external devices and on-chip peripheral modules (excluding the DMAC) 
transfer 

8. On-chip memory and on-chip memory transfer 

9. On-chip memory and on-chip peripheral modules (excluding the DMAC) transfer 

10. On-chip peripheral modules (excluding the DMAC) and on-chip peripheral modules 
(excluding the DMAC) transfer 

Transfer requests can be auto requests, external requests, or on-chip peripheral module requests. 
When the transfer request source is either the SCI or AID converter, however, either the data 
destination or source must be the SCI or AID converter (figure 9.4). In dual address mode, 
DACK is output in read or write cycles without internal memory and external peripheral 
modules. The CHCR controls the cycle of DACK output. 

Figure 9.9 shows the DMA transfer timing in the dual address mode. 
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CK 

A21-AO =x __ ~~x x=== 
" Source address " Destination address 

CSn ~ ------>:------' / 

015-00 ( 

RD ~ '--__ -oJ/ 

WRH 
WRL 

DACK \ "--__ -oJ/ 

Figure 9.9 DMA Transfer Timing in the Dual Address Mode (External memory space to 
external memory space transfer with DACK output in the read cycle) 

Bus Modes: There are two bus modes: cycle steal and burst. Select the mode in the TM bits of 
CHCRO-CHCR3. 

• Cycle-Steal Mode 

In the cycle steal mode, the bus right is given to another bus master after a one-transfer-unit 
(word or byte) DMA transfer. When another transfer request occurs, the bus rights are obtained 
from the other bus master and a transfer is perfonned for one transfer unit. When that transfer 
ends, the bus right is passed to the other bus master. This is repeated until the transfer end 
conditions are satisfied. 

The cycle steal mode can be used with all categories of transfer destination, transfer source and 
transfer request. Figure 9.10 shows an example of DMA transfer timing in the cycle steal mode. 
Transfer conditions shown in the figure are: 

- Dual address mode 

- DREQ level detection 
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DREQ ~~ __________________ ~/ 

Bus cycle 

Read Write Read Write 

Figure 9.10 Transfer Example in the Cycle-Steal Mode (Dual address mode, DREQ level 
detection) 

• Burst Mode 

Once the bus right is obtained, the transfer is performed continuously until the transfer end 
condition is satisfied. In the external request mode with low level detection of the DREQ pin, 
however, when the DREQ pin is driven high, the bus passes to the other bus master after the bus 
cycle of the DMAC that currently has an acknowledged request ends, even if the transfer end 
conditions have not been satisfied. 

The burst mode cannot be used when the serial communications interface (SCI) is the transfer 
request source. Figure 9.11 shows an example of DMA transfer timing in the burst mode. The 

transfer conditions shown in the figure are: 

Single address mode 

DREQ level detection 

DREQ ~~ __________________ ~/ 

Bus cycle 

Figure 9.11 Transfer Example in the Burst Mode (Single address mode, DREQ level 
detection) 

Relationship between Request Modes and Bus Modes by DMA Transfer Category: Table 9.6 

shows the relationship between request modes and bus modes by DMA transfer category. 
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Table 9.6 Relationship of Request Modes and Bus Modes by DMA Transfer Category 

Address Bus Transfer Usable 
Mode Transfer Category Request Mode Mode Size (bits) Channels 

Single External device with DACK and External BIC 8/16 0,1 
external memory 

External device with DACK and External BIC 8116 0,1 
memory-mapped external device 

Dual External memory and external memory Everything*1 BIC 8/16 0-3*5 

External memory and memory-mapped Everything*1 BIC 8/16 0-3*5 
external device 

Memory-mapped external device and Everything*1 BIC 8/16 0-3*5 
memory-mapped external device 

External memory and on-chip memory Everything*1 BIC 8/16 0-3*5 

External memory and on-chip Everything*2 B/C*3 8/16*4 0-3*5 
peripheral module 

Memory-mapped external device and Everything*1 BIC 8/16 0-3*5 
on-chip memory 

Memory-mapped external device and Everything*2 B/C*3 8/16*4 0-3*5 
on-chip peripheral module 

On-chip memory and on-chip memory Everything*1 BIC 8/16 0-3*5 

On-chip memory and on-chip Everything*2 B/C*3 8/16*4 0-3*5 
peripheral module 

On-chip peripheral module and on- Everything*2 B/C*3 8/16*4 0-3*5 
chip peripheral module 

B: Burst, C: Cycle steal 

Notes: 1. External requests, auto requests and on-chip peripheral module requests are all 
available. For on-chip peripheral module requests, however, SCI and AID converter 
cannot be specified as the transfer request source. 

2. External requests, auto requests and on-chip peripheral module requests are all 
available. When the SCI or AID converter is also the transfer request source, however, 
the transfer destination or transfer source must be the SCI or AID converter, 
respectively. 

3. If the transfer request source is the SCI, cycle steal only. 

4. The access size permitted when the transfer destination or source is an on-chip 
peripheral module register. 

5. If the transfer request is an external request, channels ° and 1 only. 

Bus Mode and Channel Priority Order: When a given channel (1) is transferring in burst mode 
and there is a transfer request to a channel (2) with a higher priority, the transfer of the channel 

with higher priority (2) will begin immediately. When channel 2 is also operating in the burst 

mode, the channell transfer will continue when the channel 2 transfer has completely finished. 
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When channel 2 is in the cycle steal mode. channell will begin operating again after channel 2 
completes the transfer of one transfer unit, but the bus will then switch between the two in the 
order channell, channel 2, channel I, channel 2. Since channel 1 is in burst mode, it will not give 
the bus to the CPU. This example is illustrated in figure 9.12. 

Bus 
status 

CPU 
DMAC ch1 
Burst mode 

ch2 ch2 

DMAC ch 1 and ch2 
Cycle steal mode 

DMAC ch1 
Burst mode 

Priority order is chO > ch3 > ch2 > ch1 (ch1 is burst mode and ch2 is cycle steal mode). 

Figure 9.12 Bus Handling when Multiple Channels Are Operating 

9.3.5 Number of Bus Cycle States and DREQ Pin Sample Timing 

CPU 

Number of States in Bus Cycle: The number of states in the bus cycle when the DMAC is the 
bus master is controlled by the bus state controller just as it is when the CPU is the bus master. 
The bus cycle in the dual address mode is controlled by wait state control register 1 (WCR 1) while 
the single address mode bus cycle is controlled by wait state control register 2 (WCR2). For 
details, see section 8.9, Wait State Control. 

DREQ Pin Sampling Timing: Normally, when DREQ input is detected immediately prior to the 
rise edge of the clock pulse (CK) in external request mode, a DMAC bus cycle will be generated 

and the DMA transfer performed two states later at the earliest. The sampling timing after DREQ 
input detection differs by bus mode, address mode and method of DREQ input detection. 

• DREQ pin sampling timing in the cycle steal mode 

In the cycle steal mode, the sampling timing is the same regardless of whether the DREQ is 
detected by edge or level. When edge is being detected, however, once sampled it will not be 
sampled again until the next edge detection. Once DREQ input is detected, the next sampling is 
not performed until the first state, among those DMAC bus cycles thereby produced, in which a 
DACK signal is output (including the detection state itself). The next sampling occurs 
immediately prior to the rise edge of the clock pulse (CK) of the third state after the bus cycle 
previous to the bus cycle in which the DACK signal is output. 

Figure 9-13 to 9-22 show the sampling timing of the pin DREQ in the cycle steal mode for each 
bus cycle. When no DREQ input is detected at the sampling after the aforementioned DREQ 
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detection, the next sampling occurs in the next state in which a DACK signal is output. If no 
DREQ input is detected at this time, sampling occurs at every state thereafter. 

CK 

Bus cycle 

DACK LJ 

Figure 9.13 DREQ Sampling Timing in Cycle Steal Mode (Output with DREQ level 
detection and DACK active low) (Single address mode, bus cycle = 1 state) 

CK 

Bus cycle 

DACK w 
DMAC (R): DMAC read cycle 
DMAC (W): DMAC write cycle 

Note: Illustrates the case when DACK is output during the DMAC Read cycle. 

Figure 9.14 DREQ Sampling Timing in Cycle Steal Mode (Output with DREQ level 
detection and DACK active low) (Dual address mode, bus cycle = 1 state) 
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CK 

Bus cycle 

DACK 

Figure 9.15 DREQ Sampling Timing in Cycle Steal Mode (Output with DREQ level 
detection and DACK active low) (Single address mode, bus cycle = 2 states) 

CK 

Bus cycle 

DACK w 
DMAC (R): DMAC read cycle 
DMAC (W): DMAC write cycle 

Note: Illustrates the case when DACK is output during the DMAC write cycle. 

Figure 9.16 DREQ Sampling Timing in Cycle Steal Mode (Output with DREQ level 
detection and DACK active low) (Dual address mode, bus cycle = 2 states) 
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CK 

Bus cycle 

DACK 

. T1 . Tw. T2. 
: II . . .: 

. T1 . Tw. T2. . . . 
:11 .: 

Note: When DREQ is negated at the third state of the DMAC cycle, the next DMA transfer will 
be executed because the sampling is done at the second state of the DMAC cycle. 

Figure 9.17 DREQ Sampling Timing in Cycle Steal Mode (Output with DREQ level 
detection and DACK active low) (Single address mode, bus cycle = 2 states + 1 wait state) 

CK 

Bus cycle 

DACK 

. T1 . Tw . T2 . T1 . Tw . T2 . 
. . .:11' .: 

DMAC (R): DMAC read cycle 
DMAC (W): DMAC write cycle 

Figure 9.18 DREQ Sampling Timing in Cycle Steal Mode (Output with DREQ level 
detection and DACK active low) (Dual address mode, bus cycle = 2 states + 1 wait state) 
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CK 

Bus cycle 

DACK 

. Tp. Tr . Tc . Tc .. :. . . . . 

:DMAC: . . . 

u . . 

. Tp. Tr . Tc . Tc . :. . . . . 

Note: When DREQ is negated at the fourth state of the DMAC cycle, the next DMA transfer will 
be executed because the sampling is done at the second state of the DMAC cycle. 

Figure 9.19 DREQ Sampling Timing in Cycle Steal Mode (Output with DREQ level 
detection and DACK active low) (Single address mode, bus cycle = DRAM bus cycle (long 

pitch normal mode» 

CK 

Bus cycle 

DACK u . . u . . 

DMAC (R): DMAC read cycle 
DMAC (W): DMAC write cycle 

Note: When DREQ is negated at the fourth state of the DMAC cycle, the next DMA transfer will 
be executed because the sampling is done at the second state of the DMAC cycle. 

Figure 9.20 DREQ Sampling Timing in Cycle Sieal Mode (Output with DREQ level 
detection and DACK active low) (Dual address mode, bus cycle = DRAM bus cycle (long 

pitch normal mode» 
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CK 

· . . 
Bus cycle :DMAC; · . . 

DACK u . . 

. T1 .T2 .T3 .T4 . :.. . . : .: 

. . u-:: ~ : ~ ~ 
" . 

Note: When DREQ is negated at the fourth state of the DMAC cycle, the next DMA transfer will 
be executed because the sampling is done at the second state of the DMAC cycle. 

Figure 9.21 DREQ Sampling Timing in Cycle Steal Mode (Output with DREQ level 
detection and DACK active low) (Single address mode, bus cycle = Address/data multiplex 

I/O bus cycle) 

CK 

Bus cycle 

DACK 

.T1.T2.T3.T4. 
~ ... ; ..... : ..... : .... ~ 

u · . 

.T1 .T2.T3.T 4. : .... ; ..... : ..... ; .... : 

u . . 

DMAC (R): DMAC read cycle 
DMAC (W): DMAC write cycle 

Note: When DREQ is negated at the fourth state of the DMAC cycle, the next DMA transfer will 
be executed because the sampling is done at the second state of the DMAC cycle. 

Figure 9.22 DREQ Sampling Timing in Cycle Steal Mode (Output with DREQ level 
detection and DACK active low) (Dual address mode, bus cycle = Address/data multiplex I/O 

bus cycle) 
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• DREQ pin sampling timing in the burst mode 

In the burst mode, the sampling timing differs depending on whether DREQ is detected by edge 
or level. 

When DREQ input is being detected by edge, once the falling edge of the DREQ signal is 
detected, the DMA transfer continues until the transfer end conditions are satisfied, regardless 
of the status of the DREQ pin. No sampling happens during this time. After the transfer ends, 
sampling occurs every state until the TE bit of the CHCR is cleared. 

When DREQ inputis being detected by level, once the DREQ input is detected, next sampling 

is performed at the end of every CPU or DMAC bus cycle in the single address mode. In the 
dual address mode, the next sampling. is performed at the start of every DMAC read cycle. In 
both the single address mode and dual address mode, if no DREQ input is detected at this time, 
sampling thereafter occurs at every state. 

Figures 9.23 and 9.24 show the DREQ pin sampling timing in burst mode when DREQ input is 

detected by low level. 

CK 

Bus -+-"""'1. ,----------,. ~---L...-----.. ~--'--___,.1"r_-.l...-___,.1'r_-..l..--_\. .,...--'----{ 

cycle -+"""---''-'' '-----"-~-.J I '---"-r------J I '---"-'-....-"-----J I '--_,...--;;.----J 'I.......::~....:...;::-.--r "----;:.-=---r 

DACK 

Note: Single address DREQ level detection, DACK active low, 1 bus cycle = 2 states. 

Figure 9.23 DREQ Pin Sampling Timing in Burst Mode 
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CK 

Bus 
cycle 

DACK 

Note: Dual address DREQ level detection, DACK active low, DACK output in read cycle, 1 bus 
cycle = 2 states. 

Figure 9.24 DREQ Pin Sampling Timing in Burst Mode 

9.3.6 DMA Transfer Ending Conditions 

The DMA transfer ending conditions vary for individual channels ending and all channels ending 
together. 

Individual Channel Ending Conditions: There are two ending conditions. A transfer ends when 
the value of the channel's DMA transfer count register (TCR) is 0, or when the DE bit of the 
channel's CHCR is cleared to O. 

• When TCR is 0: When the TCR value becomes 0 and the corresponding channel's DMA 
transfer ends, the transfer end flag bit (TE) is set in the CHCR. If the IE (interrupt enable) bit 

has been set, a DMAC interrupt (DEI) is requested to the CPU. 

• When DE of CHCR is 0: Software can halt a DMA transfer by clearing the DE bit in the 
channel's CHCR. The TE bit is not set when this happens. 

Conditions for Ending All Channels Simultaneously: Transfers on all channels end when I) the 
NMIF (NMI flag) bit or AE (address error flag) bit is set to 1 in the DMAOR, or 2) when the 
DME bit in the DMAOR is cleared to O. 
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• Transfers ending when the NMIF or AE bit is set to 1 in DMAOR: When an NMI interrupt or 
DMAC address error occurs, the NMIF or AE bit is set to 1 in the DMAOR and all channels 
stop their transfers. The SAR, DAR, TCR are all updated by the transfer immediately preceding 
the halt. The TE bit is not set. To resume the transfers after NMI interrupt exception processing 
or address error exception processing, clear the appropriate flag bit to O. When a channel's DE 
bit is then set to 1, the transfer on that channel will restart. To avoid restarting a transfer on a 

particular channel, keep its DE bit cleared to O. In the dual address mode, the DMA transfer will 
be halted after the completion of the write cycle that follows the initial read cycle in which the 
address error occurs. SAR, DAR and TCR are updated by the final transfer. 

• Transfers ending when DME is cleared to 0 in DMAOR: Clearing the DME bit to 0 in the 
DMAOR forcibly aborts the transfers on all channels at the end of the current cycle. The TE bit 
is not set. 

9.4 Examples of Use 

9.4.1 DMA Transfer between On-Chip RAM and a Memory-Mapped External Device 

In the following example, data is transferred from an on-chip RAM to a memory-mapped external 
device with an input capture A/compare match A interrupt (IMIAO) from channel 0 of the 16-bit 
integrated-timer pulse unit (lTV) as the transfer request signal. The transfer is performed by 
DMAC channel 3. Table 9.7 shows the transfer conditions and register values. 

Table 9.7 Transfer Conditions and Register Settings for Transfer Between On-Chip RAM 
and Memory-Mapped External Device 

Transfer Conditions 

Transfer source: on-chip RAM 

Transfer destination: memory-mapped external device 

Number of transfers: 8 

Transfer destination address: fixed 

Transfer source address: incremented 

Transfer request source (transfer request signal): ITU channel 0 
(IMIAO) 

Bus mode: cycle steal 

Transfer unit: byte 

DEI interrupt request generated at end of transfer (channel 3 
enabled for transfer) 

Channel priority order: fixed (0 > 3 > 2 > 1) (all channels 
transfer enabled) 
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Register Setting 

SAR3 H'FFFFEOO 

DAR3 Destination address 

TCR3 H'OO08 

CHCR3 H'1805 

DMAOR H'0001 



9.4.2 Example of DMA Transfer between On-Chip SCI and External Memory 

In this example, receive data of on-chip serial communications interface (SCI) channel 0 is 
transferred to external memory using DMAC channel 3. Table 9.8 shows the transfer conditions 
and register settings. 

Table 9.8 Transfer Conditions and Register Settings for Transfer between On-Chip SCI 
and External Memory 

Transfer Conditions 

Transfer source: RDRO of on-Chip SCIO 

Transfer destination: external memory 

Number of transfers: 64 

Transfer destination address: incremented 

Transfer source address: fixed 

Transfer request source (transfer request signal): SCIO (RXIO) 

Bus mode: cycle steal 

Transfer unit: byte 

DEI interrupt request generated at end of transfer (channel 3 
enabled for transfer 

Channel priority order: fixed (0 > 3 > 2 > 1) (all channels 
transfer enabled) 

Register Setting 

SAR3 H'FFFFEC5 

DAR3 Destination address 

TCR3 H'0040 

CHCR3 H'4405 

DMAOR H'0001 
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9.4.3 Example of DMA Transfer Between On-Chip AID Converter and External Memory 

.In this example, the results of an AID conversion by the on-chip AID converter are transferred to 
external memory using DMAC channel 3. Input from channel 0 (ANO) is AID converted using the 
scan mode. Table 9.9 shows the transfer conditions and register settings. 

Table 9.9 Transfer Conditions and Register Settings for Transfer Between On-Chip AID 
Converter and External Memory 

Transfer Conditions 

Transfer source: ADDRA of on-chip ND converter 

Transfer destination: external memory 

Number of transfers: 16 

Transfer destination address: incremented 

Transfer source address: fixed 

Transfer request source (transfer request signal): ND 
converter (ADI) 

Bus mode: cycle steal 

Transfer unit: word 

DEI interrupt request generated at end of transfer (channel 3 
enabled for transfer 

Channel priority order: fixed (0 > 3 > 2 > 1) (all channels 
transfer enabled) 
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Register 

SAR3 

DAR3 

TeR3 

CHCR3 

Setting 

HFFFFEEO (register 
address of ADDRAH) 

Destination address 

H'0010 

H'4DOD 

DMAOR H'0001 



9.5 Cautions 

1. All registers other than the DMA operations register (DMAOR) and DMA channel control 
registers 0-3 (CHCRO-CHCR3) should be accessed in word or long word units. 

2. Before rewriting the RSO-RS3 bits of CHCRO-CHCR3, first clear the DE bit to 0 (when 
rewriting CHCR with a byte access, be sure to set the DE bit to 0 in advance). 

3. Even when the NMI interrupt is input when the DMAC is not operating, the NMIF bit of the 
DMAOR will be set. 

4. Interrupt during DMAC Transfer 

When an interrupt occurs during DMAC transfer, the following operation takes place. 

a. When an NMI interrupt is input, the DMAC stops operation and returns the bus right to 
the CPU. The CPU then executes the interrupt processing. 

b. When an interrupt other than an NMI occurs. 

• When the DMAC is in burst mode. 

The DMAC does not return the bus right to the CPU in burst mode. Therefore, even 
when an interrupt is requested in DMAC operation, the CPU cannot get the bus 
right, causing the interrupt processing not to be executed. When the DMAC 
completes transfer and the CPU gets the bus right, the CPU executes the interrupt 
processing if the interrupt requested during DMAC transfer is not cleared. * 
Note: Clear condetions for an interrupt request. 

When an interrupt is requested from an on-chip peripheral module, the interrupt 
factor flag is cleared. 

When an interrupt is requested by IRQ (edge detection), the CPU begins the 
IRQ interrupt processing of the request source. 

- When an interrupt is requested by IRQ (level detection), the IRQ interrupt 
request signal returned to high level. 

• When the DMAC is in cycle-steal mode. 

The DMAC returns the bus right to the CPU every when the DMAC completes a 
transfer unit in cycle-steal mode. Therefore, the CPU executes the requested 
interrupt processing when getting the bus right. 

5. The CPU and DMAC leaves the bus right released and the operation of the LSI is stopped 
when the following conditions are satisfied. 

• The warp bit (WARP) of the bus control register (BCR) of the bus controller (BSC)is set. 

• The DMAC is in cycle-steal transfer mode. 

• The CPU accesses (reads/writes) the on-chip 110 space. 

Countermeasure: Set the warp bit of BCR to 0 and set it to nonnaI mode. 
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6. Notes on use of the SLEEP command 

a. Operation contents 

When the bus cycle of DMAC is entered immediately after executing the SLEEP 
command, there are cases when the DMA transfer is carried out correctly. 

b. Countermeasure 

• Stop the operation (for exemple, clearing of the DMA enable bit (DE) of the DMA 
channel control register(CHCRn» before entering SLEEP. 

• When using DMAC during SLEEP, operate DMAC after releasing SLEEP through 
interruption. 

In cases when the CPU does not carry out any other processing but is waiting for DMAC to end its 
transfer during DMAC operation, do not use the SLEEP command, but use the transfer end flag bit 
(TE) of the channel DMA control register and the polling software loop. 
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Section 10 16-Bit Integrated-Timer Pulse Unit 

10.1 Overview 

The SH microcomputer has an on-chip 16-bit integrated-timer pulse unit (lTV) with five channels 
of 16-bit timers. 

10.1.1 Features 

lTV features are listed below: 

• Can process a maximum of twelve different pulse outputs and ten different pulse inputs. 

• Has ten general registers (GR), two per channel, that can be set to function independently as 
output compare or input capture. 

• Selection of eight counter input clock sources for all channels 

- Internal clock: <1>, <1>/2, <1>/4, <1>/8, 

- External clock: TCLKA, TCLKB, TCLKC, TCLKD 

• All channels can be set for the following operating modes: 

Compare match waveform output: 0 output/I output/selectable toggle output (0 output/I 
output for channel 2). 

Input capture function: Selectable rising edge, falling edge, or both rising and falling edges. 

Counter clearing function: Counters can be cleared by a compare match or input capture. 

Synchronizing mode: Two or more timer counters (TCNT) can be written to 

simultaneously. Two or more timer counters can be simultaneously cleared by a compare 

match or input capture. Counter synchronization functions enable synchronized 
input/output. 

- PWM mode: PWM output can be provided with any duty cycle. When combined with the 

counter synchronizing function, enables up to five-phase PWM output. 

• Channel 2 can be set to the phase counting mode: Two-phase encoder output can be counted 
automatically. 

• Channels 3 and 4 can be set in the following modes: 

- Reset-synchronized PWM mode: By combining channels 3 and 4, 3-phase PWM output is 
possible with positive and negative waveforms. 

- Complementary PWM mode: By combining channels 3 and 4, 3-phase PWM output is 

possible with non-overlapping positive and negative waveforms. 

• Buffer operation: Input capture registers can be double-buffered. Output compare registers can 
be updated autoinatically. 

• High-speed access via internal 16-bit bus: The TCNT, GR, and buffer register (BR) 16-bit 
registers can be accessed at high speed via a 16-bit bus. 

• Fifteen interrupt sources: Ten compare match/input capture interrupts (2 sources per channel) 

and five overflow interrupts are vectored independently for a total of 15 sources. 
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• Can activate DMAC: The compare match/input capture interrupts of channels 0-3 can start the 
DMAC (one for each of four channels). 

• Output trigger can be generated for the programmable timing pattern controller (TPC): The 
compare match/input capture signals of channel 0-3 can be used as output triggers for the TPC. 

Table 10.1 summarizes the lTV functions. 
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Table 10.1 lTV Functions 

Item Channel 0 Channel 1 Channel 2 Channel 3 Channel 4 

Counter clocks Internal: 4>, 4>/2, 4>/4, 4>/8 
External: Independently selectable from TClKA, TClKB, TelKC, and TClKD 

General registers GAAO, GABO GAA1, GRB1 GRA2, GAB2 GRA3, GAB3 GAA4, GAB4 
(output compare/ 
input capture dual 
registers) 

Buffer registers No No No BAA3, BAB3 BAA4, BAB4 

Input/output pins TIOCAO, TIOCA1, TIOCA2, TIOCA3, TIOCA4, 
TIOCBO TIOCB1 TIOCB2 TIOCB3 TIOCB4 

Output pins No No No No TOCXA4, 
TOCXB4 

Counter clear func- GAAO/GABO GAA1/GAB1 GAA2/GAB2 GAA3/GAB3 GAA4/GAB4 
tion (compare mat-
ch or input capture) 

Compare 0 Yes Yes Yes Yes Yes 
match Yes Yes Yes Yes Yes 
output 

Toggle Yes Yes No Yes Yes 
output 

Input capture Yes Yes Yes Yes Yes 
function 

Synch ron ization Yes Yes Yes Yes Yes 

PWM mode Yes Yes Yes Yes Yes 

Aeset-synchronized No No No Yes Yes 
PWM mode 

Complementary No No No Yes Yes 
PWM mode 

Phase counting No No Yes No No 
mode 

Buffer operation No No No Yes Yes 

DMAC activation GRAO com- GAA1 com- GAA2 com- GAA3 com- No 
pare match or pare match or pa:re match or pare match or 
input capture input capture input capture input capture 

Interrupt sources • Compare • Compare • Compare • Compare • Compare 
(three) match/input match/input match/input match/input match/input 

capture AO capture A1 capture A2 capture A3 capture A4 

• Compare • Compare • Compare • Compare • Compare 
match/input match/input match/input match/input match/input 
capture BO capture B1 capture B2 capture B3 capture B4 

• Overflow • Overflow • Overflow • Overflow • Overflow 
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10.1.2 Block Diagram 

ITU Block Diagram (Complete): Figure 10.1 is the block diagram of the lTV. 
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L ____________________________________ _ 

TOCR: Timer output control register (8 bits) 

TSTR: Timer start regsiter (8 bits 

TSNC: Timer synchronization register (8 bits) 

TMDR: Timer mode register (8 bits) 

TFCR: Timer function control register (8 bits) 

Figure 10.1 lTV Block Diagram 

208 HITACHI 

Internal 
data 
bus 



Block Diagram of Channels 0 and 1: lTV channels 0 and 1 have the same function. Figure 10.2 

is a block diagram of channels 0 and 1. 

TCLKA­
TCLKD 

<p, <p/2, 
<p/4, <p/a 

Clock selection 
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Z 
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Comparator 
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c 
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a: 
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c 
a: 
(,) 
I-

Control logic 

c 
a: 
o 
i= 

c 
a: 
w 
i= 

Module data bus 

TCNTn: Timer counter n (16 bits) 

c 
a: 
en 
I-

TIOCAn 
TIOCBn 

IMIAn 
IMIBn 
OVln 

GRAn, GRBn: General registers An, Bn (input capture/output compare dual use) (16 bits x 2) 

TCRn: Timer control register n (8 bits) 

TIORn: Timer I/O control register n (8 bits) 

TIERn: Timer interrupt enable register n (8 bits) 

TSRn: Timer status register n (8 bits) (n = 0 or 1) 

Figure 10.2 Channels 0 and 1 Block Diagram (One Channel Shown) 
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Block Diagram of Channel 2: Figure 10.3 is a block diagram of channel 2. Channel 2 is 0 
outputll output only. 

TCLKA­
TCLKD 

Clock selection 
cj>, cj>/2, 

cj>/4, cj>/8 

~ __ c_o_m_p_ar_a_to_r __ ~1 1~ ___ c_o_n_t_ro_I_IO_9_iC __ ~ 

TCNT2: Timer counter 2 (16 bits) 

C\J co 
a: 
Cl 

C\J 
a: 
~ 

Module data bus 

C\J a: 
o 
i= 

C\J 
a: w 
i= 

C\J 
a: 
(f) 
I-

TIOCA2 
TIOC82 

IMIA2 
IMIB2 
OVI2 

GRA2, GR82: General registers A2, 82 (input capture/output compare dual use) (16 bits x 2) 

TCR2: Timer control register 2 (8 bits) 
TIOR2: Timer I/O control register 2 (8 bits) 
TIER2: Timer interrupt enable register 2 (8 bits) 
TSR2: Timer status register 2 (8 bits) 

Figure 10.3 Channel 2 Block Diagram 
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Block Diagrams of Channels 3 and 4: Figure lOA is a block diagram of channel 3; figure 10.5 is 
a block diagram of channel 4. 

TCLKA­
TCLKD 

<1>, <1>/2, 
~/4, ~/8 

Clock selection 

Comparator 

TCNT3: Timer counter 3 (16 bits) 

Control logic 

Module data bus 

TIOCA3 
TIOCB3 

IMIA3 
IMIB3 
OVI3 

GRA3, GRB3: General registers A3, B3 (input capture/output compare dual use) (16 bits x 2) 

BRA3, BRB3: Buffer registers A3, B3 (input capture/output compare dual use) (16 bits x 2) 

TCR3: Timer control register 3 (8 bits) 

TIOR3: Timer I/O control register 3 (8 bits) 

TIER3: Timer interrupt enable register 3 (8 bits) 

TSR3: Timer status register 3 (8 bits) 

Figure 10.4 Channels 3 Block Diagram 
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TCLKA­
TCLKD 

<1>, <1>/2, 
<1>/4, <1>/8 

Clock selection 

~ __ c_o_m_p_a_r_at_o_r __ ~1 1~ ___ c_o_n_tr_o_I_IO_9_iC __ ~ 

Module data bus 

TCNT4: Timer counter 4 (16 bits) 

TOCXA4 
TOCXB4 

TIOCA4 
TIOCB4 

IMIA4 
IMIB4 
OVI4 

GRA4, GRB4: General registers A4, B4 (input capture/output compare dual use) (16 bits x 2) 
BRA4, BRB4: Buffer registers A4, 84 (input capture/output compare dual use) (16 bits x 2) 
TCR4: Timer control register 4 (8 bits) 
TIOR4: Timer I/O control register 4 (8 bits) 

TIER4: Timer interrupt enable register 4 (8 bits) 
TSR4: Timer status register 4 (8 bits) 

Figure 10.5 Channel 4 Block Diagram 
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10.1.3 Input/Output Pins 

Table 10.2 summarizes the lTV pins. External pin functions should be set with the pin function 
controller to match to the lTV setting. See section 15, Pin Function Controller, for details. lTV 
pins need to be set using the pin function controller (PFC) after the LSI is set to the lTV mode. 

Table 10.2 Pin Configuration 

Channel Name Pin Name va Function 

Shared Clock input A TClKA External clock A input pin (A-phase input pin in 
phase counting mode) 

Clock input B TClKB External clock B input pin (B-phase input pin in 
phase counting mode) 

Clock input C TClKC External clock C input pin 

Clock input D TClKD I External clock D input pin 

0 Input captureloutput TIOCAO 1/0 GRAO output compare/GRAO input capture/PWM 
compare AO output pin (in PWM mode) 

Input captureloutput TIOCBO 1/0 GRBO output compare/GRBO input capture 
compare BO 

Input captureloutput TIOCA1 1/0 GRA 1 output com pare/G RA 1 input capture/PWM 
compare A1 output pin (in PWM mode) 

Input captureloutput TIOCB1 I/O GRB1 output compare/GRB1 input capture 
compare B1 

2 Input captureloutput TIOCA2 1/0 GRA2 output compare/GRA2 input capture/PWM 
compare A2 output pin (in PWM mode) 

Input capture/output TIOCB2 I/O GRB2 output compare/GRB2 input capture 
compare B2 

3 Input capture/output TIOCA3 I/O GRA3 output compare/GRA3 input capture/PWM 
compare A3 output pin (in PWM mode, complementary PWM 

mode, or reset-synchronized PWM mode) 

Input captureloutput TIOCB3 1/0 GRB3 output compare/GRB3 input capture/PWM 
compare B3 output pin (in complementary PWM mode or 

reset-synchronized PWM mode) 

4 Input captureloutput TIOCA4 I/O GRA4 output compare/GRA4 input capture/PWM 
compare A4 output pin (in PWM mode, complementary PWM 

mode or reset-synchronized PWM mode) 

Input capture/output TIOCB4 1/0 GRB4 output compare/GRB4 input capture/PWM 
compare B4 output pin (in complementary PWM mode or 

reset-synchronized PWM mode) 

Output compare XA4 TOCXA4 1/0 PWM output pin (in complementary PWM mode 
or reset-synchronized PWM mode) 

Output compare XB4 TOCXB4 1/0 PWM output pin (in complementary PWM mode 
or reset-synchronized PWM mode) 
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10.1.4 Register Configuration 

Table 10.3 summarizes the ITU register configuration. 

Table 10.3 Register Configuration 

Abbrevi- Initial Access 
Channel Name ation RIW Value Address*1 Size 

Shared Timer start register TSTR R/W HIEO/H'60 H'5FFFFOO a 

Timer synchro register TSNC R/W H'EO/H'60 H'5FFFF01 a 

Timer mode register TMDR R/W H'aO/H'OO H'5FFFF02 a 

Timer function control register TFCR R/W H'CO/H'40 H'5FFFF03 a 

Timer output control register TOCR RIW H'FF/H'7F H'5FFFF31 a 

0 Timer control register 0 TCRO R/W H'aO/H'OO H'5FFFF04 a 

Timer I/O control register 0 TIORO RIW H'aa/H'08 H'5FFFF05 8 

Timer interrupt enable registerTIERO RIW H'F8/H'78 H'5FFFF06 8 
0 

Timer status register 0 TSRO R/(W)*2 H'Fa/H'7a H'5FFFF07 8 

Timer counter 0 TCNTO RIW H'OO H'5FFFF08 8,16,32 

H'5FFFF09 8,16,32 

General register AO GRAO RIW H'FF H'5FFFFOA 8,16, 32 

H'5FFFFOB 8, 16,32 

General register BO GRBO RIW H'FF H'5FFFFOC 8, 16 

H'5FFFFOD 8, 16 

Timer control register 1 TCR1 R/W HI80/H'OO H'5FFFFOE a 

Timer I/O control register 1 TIOR1 RIW H'88/H'08 H'5FFFFOF 8 

Timer interrupt enable registerTIER1 RIW H'F8/H'78 H'5FFFF10 8 
1 

Timer status register 1 TSR1 R/(W)*2 H'F8/H'78 H'5FFFF11 8 

Timer counter 1 TCNT1 RIW H'OO H'5FFFF12 8, 16 

H'5FFFF13 8, 16 

General register A 1 GRA1 RIW H'FF H'5FFFF14 8,16,32 

H'5FFFF15 8,16,32 

General register B 1 GRB1 RIW H'FF H'5FFFF16 8,16,32 

H'5FFFF17 8,16,32 
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Table 10.3 Register Configuration (cont) 

Abbrevi- Initial Access 
Channel Name ation RIW Value Address·1 Size 

2 Timer control register 2 TCR2 RIW H'80/H'OO H'5FFFF18 8 

Timer I/O control register 2 TIOR2 RIW H'88/H'08 H'5FFFF19 8 

Timer interrupt enable registerTIER2 RIW H'F8/H'78 . H'5FFFF1 A 8 
2 

Timer status register 2 TSR2 R/(W)*2 H'F8/H'78 H'5FFFF1 B 8 

Timer counter 2 TCNT2 RIW H'OO H'5FFFF1C 8,16,32 

H'5FFFF1D 8,16,32 

General register A2 GRA2 RIW H'FF H'5FFFF1E 8,16,32 

H'5FFFF1F 8,16,32 

General register B2 GRB2 RIW H'FF H'5FFFF20 8, 16 

H'5FFFF21 8, 16 

3 Timer control register 3 TCR3 RIW H'80/H'OO H'5FFFF22 8 

Timer I/O control register 3 TIOR3 RIW H'88/H'08 H'5FFFF23 8 

Timer interrupt enable registerTIER3 RIW H'F8/H'78 H'5FFFF24 8 
3 

Timer status register 3 TSR3 R/(W)*2 H'F8/H'78 H'5FFFF25 8 

Timer counter 3 TCNT3 RIW H'OO H'5FFFF26 8, 16 

H'5FFFF27 8, 16 

General register A3 GRA3 RIW H'FF H'5FFFF28 8,16,32 

H'5FFFF29 8,16,32 

General register B3 GRB3 RIW H'FF H'5FFFF2A 8, 16,32 

H'5FFFF2B 8,16,32 

Buffer register A3 BRA3 RIW H'FF H'5FFFF2C 8,16,32 

H'5FFFF2D 8,16,32 

Buffer register B3 BRB3 RIW H'FF H'5FFFF2E 8,16,32 

H'5FFFF2F 8,16,32 

4 Timer control register 4 TCR4 RIW H'80/H'OO H'5FFFF32 8 

Timer I/O control register 4 TIOR4 RIW H'88/H'08 H'5FFFF33 8 

Timer interrupt enable registerTIER4 RIW H'F8/H'78 H'5FFFF34 8 
4 

Timer status register 4 TSR4 R/(W)*2 H'F8/H'78 H'5FFFF35 8 
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Table 10.3 Register Configuration (cont) 

Abbrevi- Initial Access 
Channel Name ation RIW Value Address*1 Size 

4 (cant) Timer counter 4 TCNT4H RIW H'OO H'5FFFF36 8, 16 

H'5FFFF37 8, 16 

General register A4 GRA4H RIW H'FF H'5FFFF38 8,16,32 

H'5FFFF39 8,16,32 

General register B4 GRB4H RIW H'FF H'5FFFF3A 8,16,32 

H'5FFFF3B 8,16,32 

Buffer register A4 BRA4H RIW H'FF H'5FFFF3C 8,16,32 

H'5FFFF3D 8,16,32 

Buffer register B4 BRB4H RIW H'FF H'5FFFF3E 8,16,32 

H'5FFFF3F 8,16,32 

Notes: 1. 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. 

2. Write 0 to clear flags. 

10.2 lTV Register Descriptions 

10.2.1 Timer Start Register (TSTR) 

The timer start register (TSTR) is an eight-bit read/write register that starts and stops the timer 
counters (TCNT) of channels 0-4. TSTR is initialized to H'EO or H'60 upon reset or standby 
mode. 

Bit: 7 6 5 4 3 2 1 0 

Bit name: I STR4 STR3 STR2 STR1 STRO 

Initial value: 0 0 0 0 0 

RIW: RIW RIW RIW RIW RIW 

Note: Undefined 

• Bits 7-5 (reserved): Cannot, be modified. Bit 7 is read as undefined. Bits 6 and 5 are always read 
as 1. The write value to bit 7 should be 0 or 1, and the write value to bits 6 and 5 should always 

be 1. 
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• Bit 4 (count start 4 (STR4»: STR4 starts and stops TCNT4. 

Bit 4: STR4 Description 

o TCNT4 is halted (initial value) 

TCNT 4 is counting 

• Bit 3 (count start 3 (STR3»: STR3 starts and stops TCNT3. 

Bit 3: STR3 Description 

o TCNT3 is halted (initial value) 

TCNT3 is counting 

• Bit 2 (count start 2 (STR2»: STR2 starts and stops TCNT2. 

Bit 2: STR2 Description 

o TCNT2 is halted (initial value) 

TCNT2 is counting 

• Bit 1 (count start 1 (STRl»: STRI starts and stops TCNTI. 

Bit 1: STR1 Description 

o TCNT1 is halted (initial value) 

TCNT1 is counting 

• Bit 0 (count start 0 (STRO»: STRO starts and stops TCNTO. 

Bit 0: STRO Description 

o TCNTO is halted (initial value) 

TCNTO is counting 
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10.2.2 Timer Synchro Register (TSNC) 

The timer synchro register (TSNC) is an eight-bit read/write register that selects timer 
synchronizing modes for channels 0-4. Channels for which I is set to the corresponding bit will be 
synchronized. TSNC is initialized to H'EO or H'60 upon reset or standby mode. 

Bit: 7 6 5 4 3 2 1 0 

Bit name: I ! SYNC4! SYNC31 SYNC21 SYNC1 I SYNCO I 
Initial value: 0 0 0 0 0 

RIW: RIW RIW RIW RIW RIW 
Note: Undefined 

• Bits 7-5 (reserved): Bit 7 is read as undefined. Bits 6 and 5 are always read as 1. The write 
value to bit 7 should be 0 or 1, and the write value to bits 6 and 5 should always be 1. 

• Bit 4 (timer synchro 4 (SYNC4»: SYNC4 selects the synchronizing mode for channel 4. 

Bit4: SYNC4 

o 
Description 

The timer counter for channel 4 (TCNT4) operates independently 
(Preset/clear of TCNT4 is independent of other channels) (initial value) 

Channel 4 operates synchronously. Synchronized preset/clear of 
TNCT 4 enabled. 

• Bit 3 (timer Synchro 3 (SYNC3»: SYNC3 selects the synchronizing mode for channel 3. 

Bit 3: SYNC3 

o 
Description 

The timer counter for channel 3 (TCNT3) operates independently 
(Preset/clear of TCNT3 is independent of other channels) (initial value) 

Channel 3 operates synchronously. Synchronized preset/clear of 
TNCT3 enabled. 

• Bit 2 (timer synchro 2 (SYNC2»: SYNC2 selects the synchronizing mode for channel 2. 

Bit2: SYNC2 

o 

218 HITACHI 

Description 

The timer counter for channel 2 (TCNT2) operates independently 
(Preset/clear of TCNT2 is independent of other channels) (initial value) 

Channel 2 operates synchronously. Synchronized preset/clear of 
TNCT2 enabled. 



• Bit 1 (timer synchro 1 (SYNCl»: SYNCl selects the synchronizing mode for channell. 

Bit 1: SVNC1 

o 
Description 

The timer counter for channel 1 (TCNT1) operates independently 
(Preset/clear of TCNT1 is independent of other channels) (initial value) 

Channel 1 operates synchronously. Synchronized preset/clear of 
TNCT1 enabled. 

• Bit 0 (timer synchro 0 (SYNCO»: SYNCO selects the synchronizing mode for channel O. 

Bit 0: SYNCO 

o 
Description 

The timer counter for channel 0 (TCNTO) operates independently 
(Preset/clear of TCNTO is independent of other channels) (initial value) 

Channel 0 operates synchronously. Synchronized preset/clear of 
TNCTO enabled. 

10.2.3 Timer Mode Register (TMDR) 

The timer mode register (TMDR) is an eight-bit read/write register that selects the PWM mode for 
channels 0-4, sets the phase counting mode for channel 2, and sets the conditions for the overflow 
flag (OVF). TMDR is initialized to H'80 or H'OO by a reset or the standby mode. 

Bit: 7 6 5 4 3 2 0 

Bit name: I MDF FDIR PWM4 PWM3 PWM2 PWM1 PWMO 

Initial value: 0 0 0 0 0 0 0 

R1W: RIW RIW RIW RIW RIW RIW RIW 

Note: Undefined 

• Bit 7 (reserved): Bit 7 is read as undefined. The write value should be 0 or 1. 

• Bit 6 (phase counting mode (MDF»: MDF selects the phase counting mode for channel 2. 

Bit 6: MDF Description 

o Channel 2 operates normally (initial value) 

Channel 2 operates in phase counting mode 
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When the MDF is set to 1 to select the phase counting mode, the timer counter (TCNT2) 

becomes an up/down counter and the TCLKA and TCLKB pins become count clock input pins. 
TCNT2 counts on both the rising and falling edges of TCLKA and TCLKB, with the 
increment/decrement chosen as follows: 

Count 
Direction Decrement Increment 

TCLKA pin Rising High Falling Low Rising High Falling Low 

TCLKB pin L Rising High Falling High Falling Low Rising 

In the phase counting mode, selections for external clock edge made in the CKEG 1 and CKEGO 
bits of the timer control register 2 (TCR2) and the selection for counter clock made in the 

TPSC2 -TPSCO bits are ignored. The phase counting mode described above takes priority. 
Settings for counter clear conditions in the CCLR 1 and CCLRO bits of TCR2 and settings for 
timer 110 control register 2 (TIOR2), timer interrupt enable register (TIER2) and timer status 
register 2 (TSR2) compare match/input capture functions and interrupts, however, are valid 
even in the phase counting mode. 

• Bit 5 (flag direction (FDIR»: FDIR selects the setting condition for the overflow flag (OVF) in 

timer status register 2 (TSR2). This bit is valid no matter which mode channel 2 is operating in. 

Bit 5: FDIR 

o 
Description 

OVF of TSR2 is set to 1 when TCNT2 overflows or underflows (initial 
value) 

OVF of TSR2 is set to 1 when TCNT2 overflows 

• Bit 4 (PWM Mode 4 (PWM4»: PWM4 selects the PWM mode for channel 4. When the PWM4 
bit is set to 1 and the PWM mode entered, the TIOCA4 pin becomes a PWM output pin. 1 is 
output on a compare match of general register A4 (GRA4); 0 is output on a compare match of 
general register B4 (GRB4). When the complementary PWM mode or reset-synchronized PWM 

mode are set by the CMD 1 and CMDO bits of the timer function control register (TFCR), the 
setting of this bit is ignored in favor of the settings ofCMDI and CMDO. 

Bit 4: PWM4 Description 

o Channel 4 operates normally (initial value) 

Channel 4 operates in PWM mode 
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oBit 3 (PWM Mode 3 (PWM3»: PWM3 selects the PWM mode for channel 3. When the PWM3 
bit is set to 1 and the PWM mode entered, the TIOCA3 pin becomes a PWM output pin. 1 is 
output on a compare match of general register A3 (GRA3); 0 is output on a compare match of 
general register B3 (GRB3). When the complementary PWM mode or reset-synchronized PWM 
mode are set by the CMDI and CMDO bits of the timer function control register (TFCR), the 
setting of this bit is ignored in favor of the settings of CMD 1 and CMDO. 

Bit 3: PWM3 Description 

o Channel 3 operates normally (initial value) 

Channel 3 operates in PWM mode 

• Bit 2 (PWM Mode 2 (PWM2»: PWM2 selects the PWM mode for channel 2. When the PWM2 
bit is set to 1 and the PWM mode entered, the TIOCA2 pin becomes a PWM output pin. 1 is 
output on a compare match of general register A2 (GRA2); 0 is output on a compare match of 
general register B2 (GRB2). 

Bit 2: PWM2 Description 

o Channel 2 operates normally (initial value) 

Channel 2 operates in PWM mode 

• Bit 1 (PWM Mode I (PWM1): PWMI selects the PWM mode for channell. When the PWMI 
bit is set to 1 and the PWM mode entered, the TIOCAI pin becomes a PWM output pin. 1 is 
output on a compare match of general register Al (GRA1); 0 is output on a compare match of 

general register B I (GRB 1). 

Bit 1: PWM1 Description 

o Channel 1 operates normally (initial value) 

Channel 1 operates in PWM mode 

• Bit 0 (PWM Mode 0 (PWMO»: PWMO selects the PWM mode for channel O. When the PWMO 
bit is set to I and the PWM mode entered, the TIOCAO pin becomes a PWM output pin. 1 is 
output on a compare match of general register AO (GRAO); 0 is output on a compare match of 
general register BO (GRBO). 

Bit 0: PWMO Description 

o Channel 0 operates normally (initial value) 

Channel 0 operates in PWM mode 
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10.2.4 Timer Function Control Register (TFCR) 

The timer function control register (TFCR) is an 8-bit read/write register that selects 
complementary PWM/reset-synchronized PWM for channels 3 and 4 and sets the buffer operation. 
TFCR is initialized on a reset or standby mode to H'CO or H'40. 

Bit: 7 6 5 4 3 2 0 

Bit name: I CMD1 CMDO BFB4 BFA4 BFB3 BFA3 

Initial value: 0 0 0 0 0 0 

RIW: RIW RIW RIW RIW RIW RIW 
Note: Undefined 

• Bits 7 and 6 (reserved): Bit 7 is read as undefined. Bit 6 is always read as I. The write value to 
bit 7 should be 0 or 1. The write value to bit 6 should always be 1. 

• Bits 5 and 4 (combination mode 1 and 0 (CMDI and CMDO»: CMDI and CMDO select the 
complementary PWM mode or reset-synchronized mode for channels 3 and 4. Set the 
complementary PWM/reset-synchronized PWM mode while the timer counter (TCNT) being 
used is off. When these bits are used to set the complementary PWM/reset-synchronized PWM 
mode, they take priority over the PWM4 and PWM3 bits of the TMDR. While the 
complementary PWM/reset-synchronized PWM mode settings and the SYNC4 and SYNC3 bit 
settings of the timer synchro register (TSNC) are valid simultaneously, when the 
complementary PWM mode is set, chan·nels 3 and 4 should not be set to operate simultaneously 

(SYNC 4 an~ SYNC 3 bits ofTSNC should not both be set to 1). 

Bit 5: CMD1 Bit 4: CMDO 

o o 

o 

Description 

Channels 3 and 4 operate normally (initial value) 

Channels 3 and 4 operate normally 

Channels 3 and 4 operate together in complementary PWM 
mode 

Channels 3 and 4 operate together in reset-synchronized 
PWM mode 

• Bit 3 (buffer mode B4 (BFB4»: BFB4 selects the buffer mode for GRB4 and BRB4 in 
channel 4. 

Bit 3: BFB4 Description 

o GRB4 operates normally in channel 4 (initial value) 

GRB4 and BRB4 operate in buffer mode in channel 4 
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• Bit 2 (buffer mode A4 (BFA4)): BFA4 selects the buffer mode for GRA4 and BRA4 in 
channel 4. 

Bit 2: BFA4 Description 

o GRA4 operates normally in channel 4 (initial value) 

GRA4 and BRA4 operate in buffer mode in channel 4 

• Bit 1 (buffer mode B3 (BFB3)): BFB3 selects the buffer mode for GRB3 and BRB3 in 
channel 3. 

Bit 1: BFB3 Description 

o GRB3 operates normally in channel 3 (initial value) 

GRB3 and BRB3 operate in buffer mode in channel 3 

• Bit 0 (buffer Mode A3 (BFA3)): BFA3 selects the buffer mode for GRA3 and BRA3 in 
channel 3. 

Bit 0: BFA3 Description 

o GRA3 operates normally in channel 3 (initial value) 

GRA3 and BRA3 operate in buffer mode in channel 3 

10.2.5 Timer Output Control Register (TOCR) 

The timer output control register (TOCR) is an eight-bit read/write register that inverts the output 
level of the complementary PWM mode/reset-synchronized PWM mode. Setting bits OLS3 and 
OLS4 is valid in only the complementary PWM mode and reset-synchronized PWM mode. In 
other output situations, these bits are ignored. The TOCR is initialized to H'FF or H'7F by a reset 
or in the standby mode. 

Bit: 7 6 5 4 3 2 1 0 

Bit name: I OLS4 OLS3 

Initial value: 1 1 

RIW: RIW RIW 

Note: Undefined 

• Bits 7-2 (reserved): Bit 7 is read as undefined. Bits 6-2 are always read as 1. The write value to 
bit 7 should be 0 or 1. The write value to bits 6-2 should always be 1. 
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• Bit 1 (output level select 4 (OLS4»: OLS4 selects the output level of the complementary PWM 
mode or reset-synchronized PWM mode. 

Bit 1: OlS4 Description 

o TIOCA3, TIOCA4, and TIOCB4 are inverted and output 

TIOCA3, TIOCA4, and TIOCB4 are output directly (initial value) 

• Bit 0 (output level select 3 (OLS3»: OLS3 selects the output level of the complementary PWM 
mode or reset-synchronized PWM mode. 

Bit 0: OlS3 Description 

o TIOCB3, TOCXA4, and TOCXB4 are inverted and output 

TIOCB3, TOCXA4, and TOCXB4 are output directly (initial value) 

10.2.6 Timer Counters (TCNT) 

The ITU has five 16-bit timer counters (TCNT), one for each channel (table 10.4). 

Each TCNT is a 16-bit read/write counter that counts by input from a clock source. The clock 
source is selected by timer prescalar bits 2-0 (TPSC2-TPSCO) in the timer control register (TCR). 

TCNTO and TCNT 1 are strictly upcounters. Up/down counting occurs for TCNT2 when the phase 
counting mode is selected, or for TCNT3 and TCNT 4 when complementary PWM mode is 
selected. In other modes, they are upcounters. 

The TCNT can be cleared to H'OOOO by compare match with the corresponding general register A 
or B (GRA, GRB) or input capture to GRA or GRB (counter clear function). 

When the TCNT overflows (changes from H'FFFF-H'OOOO), the overflow flag (OVF) in the timer 

status register (TSR) is set to 1. The OVF of the corresponding channel TSR is also set to 1 when 
the TCNT underflows (changes from H'OOOO-H'FFFF). 

The TCNT is connected to the CPU by a 16-bit bus, so it can be written or read by either word 
access or byte access. The TCNT is initialized to H'OOOO by a reset or in standby mode. 
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Table 10.4 Timer Counters (TCNT) 

Channel Abbreviation Function 

0 TCNTO Increment counter 

1 TCNT1 

2 TCNT2 Phase counting mode: Increment/decrement 
All others: Increment 

3 TCNT3 Complementary PWM mode: Increment/decrement 

4 TCNT4 All others: Increment 

Bit: 15 14 13 12 11 10 9 8 

Bit name: I 
Initial value: 0 0 0 0 0 0 0 0 

R1W: RIW RIW RIW RIW RIW RIW RIW RIW 

Bit: 7 6 5 4 3 2 0 

Bit name: I 
Initial value: 0 0 0 0 0 0 0 0 

R1W: RIW RIW RIW RIW RIW RIW RIW RIW 

10.2.7 General Registers A and B (GRA and GRB) 

Each of the five ITU channels has two 16-bit general registers (GR) for a total of ten registers 
(table 10.5). 

Each GR is a 16-bit read/write register that can function as either an output compare register or an 
input capture register. The function is selected by settings in the timer 110 control register (TIOR). 

When a general register (GRA/GRB) is used as an output compare register, its value is constantly 
compared with the timer counter (TCNT) value. When the two values match (compare match), the 
IMFNIMFB bit is set to 1 in the timer status register (TSR). If compare matc~ output is selected 

in the TIOR, a specified value is output at the output compare pin. 

When a general register is used as an input capture register, an external input capture signal is 
detected and the TCNT value is stored. The IMFAIIMFB bit of the corresponding TSR is set to I 
at the same time. The valid edge or edges of the input capture signal are selected in the TIOR. The 
TIOR setting is ignored when set for the PWM mode, complementary PWM mode or reset­
synchronized PWM mode. 
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General registers are connected to the CPU by a 16-bit bus, so general registers can be written or 
read by either word access or byte access. General registers are initialized to the output compare 
register (no pin output) by a reset or in standby mode. The initial value is H'FFFF. 

Table 10.5 General Registers A and B (GRA and GRB) 

Channel Abbreviation Function 

0 GRAO, GRBO Output compare/input capture dual register 

GRA1, GRB1 

2 GRA2, GRB2 

3 GRA3, GRB3 Output compare/input capture dual register. Can also be set for buffer 

4 GRA4, GRB4 operation in combination with the buffer registers (BRA, BRB) 

Bit: 15 14 13 12 11 10 9 8 

Bit name: I 
Initial value: 1 1 1 1 1 1 1 1 

RIW: RIW RIW RIW RIW RIW RIW RIW RIW 

Bit: 7 6 5 4 3 2 0 

Bit name: I 
Initial value: 1 1 1 1 1 1 1 1 

RIW: RIW RIW RIW RIW RIW RIW RIW RIW 

10.2.8 Buffer Registers A and B (BRA,.BRB) 

Each buffer register is a 16-bit read/write register that is used in the buffer mode. The lTV has four 

buffer registers, two each for channels 3 and 4 (table 10.6). Buffer operation can be set 
independently by the timer function control register (TFCR) bits BFB4, BFA4, BFB3, and BFB3 

bits. The buffer registers are paired with the general registers and their function changes 

automatically to match the function of its corresponding general register. 

The buffer registers are connected to the CPU by a 16-bit bus, so they can be written or read by 

either word or byte access. Buffer registers are initialized to H'FFFF by a reset or in standby mode. 
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Table 10.6 Buffer Registers A and B (BRA, BRB) 

Channel Abbreviation Function 

3 BRA3, BRB3 When used for buffer operation: 
-------------------4 BRA4, BRB4 When the corresponding GRA and GRB are output compare registers, 

the buffer registers function as output compare buffer registers that 
can automatically transfer the BRA and BRB values to GRA and GRB 
upon a compare match. 

When the corresponding GRA and GAB are input capture registers, 
the buffer registers function as input capture buffer registers that can 
automatically transfer the values stored until an input capture in the 
GRA and GRB to the BRA and BRB. 

Bit: 15 14 13 12 11 10 9 8 

Bit name: I 
Initial value: 1 1 1 1 1 1 1 1 

R/W: R/W R/W R/W R/W RIW R/W RIW R/W 

Bit: 7 6 5 4 3 2 0 

Bit name: I 
Initial value: 1 1 1 1 1 1 1 1 

R/W: R/W R/W R/W R/W RIW RIW R/W RIW 

10.2.9 Timer Control Register (TCR) 

The TCR is an 8-bit read/write register that selects the timer counter clock, the edges of the 
external clock source, and the counter clear source. Each ITU channel has one TCR. TCR is 

initialized H'80 or H'OO by a reset or the standby mode (table 10.7). 

Table 10.7 Timer Control Register (TCR) 

Abbrevi­
Channel ation Function 

o TCRO The TCR controls the TCNTs. The TeRs have the same functions on all 
--------TCR 1 channels. When channel 2 is set for phase counting mode, setting the 
-------CKEG1, CKEG2 and TPSC2-TPSCO bitswill have no effect. 
2 TCR2 

3 TCR3 

4 TCR4 
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Bit: 7 6 5 4 3 2 1 0 

Bit name: I I CCLR1 I CCLRO I CKEG1 I CKEGO I TPSC21 TPSC1 I TPSCO I 
Initial value: o 0 0 0 0 0 0 

R1W: RIW RIW RIW RIW RIW RIW RIW 
Note: Undefined 

• Bit 7 (reserved): Bit 7 is read as undefined. The write value should be 0 or I. 

• Bits 6 and 5 (counter clear 1 and 0 (CCLRI and CCLRO»: CCLRI and CCLRO select the 
counter clear source. 

Bit 6: Bit 5: 
CCLR1 CCLRO Description 

o 0 TCNT is not cleared (initial value) 

1 TCNT is cleared by general register A (GRA) compare match or input capture*1 

o TCNT is cleared by general register B (GRB) compare match or input capture*1 

Synchronizing clear: TCNT is cleared in synchronization with clear of other 
timer counters operating in sync.*2 

Notes: 1. When GR is functioning as an output compare register, TCNT is cleared upon a 
compare match. When functioning as an input capture register, TCNT is cleared upon 
input capture. 

2. The timer synchro register (TSNC) set the synchronization. 

• Bits 4 and 3 (external clock edge 1/0 (CKEG 1 and CKEGO»: CKEG 1 and CKEGO select 
external clock input edges. When channel 2 is set for phase counting mode, settings of the 

CKEG 1 and CKEGO of the TCR are ignored and the phase counting mode operation takes 
priority. 

Bit4: Bit 3: 
CKEG1 CKEGO Description 

o 0 Count rising edges (initial value) 

Count falling edges 

Count both rising and falling edges 

• Bits 2-0 (timer prescalar 2-0 (TPS2-TPSO»: TPS2-TPSO select the counter clock source. 
When TPSC2 = 0 and an internal clock source is selected, the timer counts only falling edges. 
When TPSC2 = 1 and an external clock is selected, the count edge is as set by CKEG 1 and 
CKEGO. When the phase counting mode is selected for channel 2 (MDF bit in the timer mode 
register is I), the settings ofTPSC2-TPSCO of TCR2 are ignored and the phase counting 
operation takes priority. 

228 HITACHI 



Bit 2: Bit 1: Bit 0: 
TPSC2 TPSC1 TPSCO Counter Clock (and cycle when <I> = 10 MHz) 

0 0 0 Internal clock <I> (initial value) 

Internal clock <1>/2 

0 Internal clock <1>/4 

1 Internal clock <1>/8 

0 0 External clock A (TClKA) 

1 External clock B (TClKB) 

0 External clock C (TClKe) 

External clock D (TClKD) 

10.2.10 Timer 1/0 Control Register (TIOR) 

The timer I/O control register (TIOR) is an eight-bit read/write register that selects the output 
compare or input capture function for the general registers ORA and ORB. It also selects the 
function of the TIOCA and TIOeB pins. If output compare is selected, the TIOR also selects the 
output settings. If input capture is selected, the TIOR also select the input capture edges. TIOR is 
initialized to H'88 or H'08 on a reset or standby mode. Each lTV channel has one TIOR (table 
10.8). 

Table 10.8 Timer 110 Control Register (TIOR) 

Abbrevi­
Channel ation Function 

o TIORO The TIOR controls the GRs. Some functions vary during PWM. When 
-------

TIOR1 channels 3 and 4 are set for complementary PWM mode/reset-synchronized 
-------PWM mode, TIOR3 and TIOR4 settings are not valid. 
2 TIOR2 

3 TIOR3 

4 TIOR4 

Bit: 7 6 5 4 3 2 0 

Bit name: I IOB2 IOB1 lOBO 10A2 IOA1 10AO 

Initial value: 0 0 0 0 0 0 

RIW: RIW RIW RIW RIW RIW RIW 

Note: Undefined 

• Bit 7 (reserved): Bit 7 is read as undefined. The write value should be 0 or 1. 
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• Bits 6-4 (I/O control B2-BO (lOB2-IOBO»: IOB2-IOBO selects the ORB function. 

Bit6: Bit 5: Bit4: 
1082 IOB1 lOBO GRB Function 

0 0 0 GRB is an Compare match with pin output disabled (initial value) 

output compare 0 output at GRB compare match*1 
register 

0 1 output at GRB compare match*1 

Output toggles at GRB compare match (1 output for 
channel 2 only)*1.*2 

0 0 GRB is an GRB captures rising edge of input 
input capture GRB captures falling edge of input 

0 
register 

GRB captures both edges of input 

Notes: 1. After reset, the value output is 0 until the first compare match occurs. 

2. Channel 2 has no compare-match driven toggle output function. If it is set for toggle, 1 
is automatically selected as the output. 

• Bit 3 (reserved): Bit 3 always reads as I. The write value should always be I. 

• Bits 2-0 (I/O control A2-AO (lOA2-IOAO)): IOA2-IOAO select the ORB function. 

Bit2: Bit 1: Bit 0: 
IOA2 IOA1 IOAO GRA Function 

0 0 0 GRA is an Compare match with pin output disabled (initial value) 

1 out~ut compare 0 output at GRA compare match*1 
register 

0 1 output at GRA compare match*1 

Output toggles at GRA compare match (1 output for 
channel 20nly)*1,*2 

0 0 GRA is an GRA captures rising edge of input 

input capture GRA captures falling edge of input 

0 
register 

GRA captures both edges of input 

Notes: 1. After reset, the value output is 0 until the first compare match occurs. 

2. Channel 2 has no compare-match driven toggle output function. If it is set for toggle, 1 
is automatically selected as the output. 

10.2.11 Timer Status Register (TSR) 

The timer status register (TSR) is an eight-bit read/write register containing flags that indicate 
timer counter (TeNT) overflow/underflow and general register (ORA/ORB) compare match or 
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input capture. These flags are interrupt sources. If the interrupt is enabled by the corresponding bit 
in the timer interrupt enable register (TIER), an interrupt is requested of the CPU. TSR is 
initialized by a reset or standby mode to H'F8 or H'78. Each ITU channel has one TSR (table 
10.9). 

Table 10.9 Timer Status Register (TSR) 

Channel Abbreviation Function 

o TSRO The TSR indicates input capture, compare match and 
-------T-S-R-1----overflow status. 

2 TSR2 

3 TSR3 

4 TSR4 

Bit: 7 6 5 4 3 2 0 

Bit name: I L-__ --L.. __ ----''---__ -'--__ -'--__ --'---_O_V_F--'-_' M_FB_-,---I_M_F_A---J 

Initial value: o 0 0 

R1W: R/(W)*2 R/(W)*2 R/(W)*2 

Notes: 1. Undefined 

2. Write 0 to clear the flag. 

• Bits 7-3 (reserved): Bit 7 is read as undefined. Bits 6-3 are always read as 1. The write value to 
bit 7 should be 0 or 1. The write value to bits 6-3 should always be 1. 

• Bit 2 (overflow flag (OVF»: OVF indicates a TCNT overflow/underflow has occurred. 

Bit 2: OVF 

o 
Description 

Clearing condition: Read OVF when OVF = 1, then write 0 in OVF 
(initial value) 

Setting condition: TCNT overflowed from H'FFFF-H'OOOO or 
underflowed from H'OOOO-H'FFFF. 

Note: A TCNT underflow occurs when the TCNT up/down counter is functioning. It may occur in 
the following cases: (1) When channel 2 is set in the phase counting mode (MDF bit of 
TMDR is 1), or (2) When channel 3 and 4 are set to the complementary PWM mode (CMD1 
bit of TFCR is 1 and CMDO bit is 0). 

HITACHI 231 



• Bit 1 (input capture/compare match B (IMFB»: IMFB indicates a ORB compare match or input 
capture. 

Bit 1: IMFB 

o 
Description 

Clearing condition: Read IMFB when IMFB = 1, then write 0 in IMFB 
(initial value) 

Setting condition: 

• GRB is functioning as an output compare register and TCNT = GRB 

• GRB is functioning as an input capture register and the value of 
TCNT is transferred to GRB by an input capture signal 

• Bit 0 (input capture/compare match A (lMFA»: IMFA indicates a ORA compare match or input 
capture. 

Bit 0: IMFA 

o 
Description 

Read IMFA when IMFA = 1, then write 0 in IMFA (initial value). Clearing 
condition: DMAC is activated by an IMIA interrupt (only channels 0-3) 

Setting condition: 

• GRA is functions as an output compare register and TCNT = GRA 

• GRA is functioning as an input capture register and the value of 
TCNT is transferred to GRA by an input capture signal 

10.2.12 Timer Interrupt Enable Register (TIER) 

The timer status interrupt enable register (TIER) is an eight-bit read/write register that controls 
enabling/disabling of overflow interrupt requests and general register compare match/input capture 
interrupt requests. TIER is initialized by a reset or standby mode to H'FS or H'7S. Each lTV 

channel has one TIER (table 10.10). 

Table 10.10 Timer Interrupt Enable Register (TIER) 

Channel Abbreviation Function 

o TIERO The TIER controls interrupt enable/disable. 

TIER1 

2 TIER2 

3 TIER3 

4 TIER4 
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Bit: 7 6 5 4 3 2 0 

Bit name: I OVIE IMIEB IMIEA 

Initial value: 0 0 0 

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

Note: Undefined 

• Bits 7-3 (reserved): Bit 7 is read as undefined. Bits 6-3 are always read as 1. The write value to 
bit 7 should be 0 or 1. The write value to bits 6-3 should always be 1. 

• Bit 2 (overflow interrupt enable (OVIE»: When the TSR overflow flag (OVF) is set to 1, OVIE 
enables or disables interrupt requests from the OVF. 

Bit 2: OVIE Description 

o Disables interrupt requests by the OVF (initial value) 

Enables interrupt requests from the OVF 

• Bit 1 (input capture/compare match interrupt enable B (IMIEB»: When the IMFB bit of the 
TSR is set to 1, IMIEB enables or disables the interrupt requests from the IMFB. 

Bit 1: IMIEB Description 

o Disables interrupt requests by the IMFB (IMIB) (initial value) 

Enables interrupt requests from the IMFB (IMIB) 

• Bit 0 (input capture/compare match interrupt enable A (IMIEA»: When the IMFA bit of the 
TSR is set to 1, IMIEA enables or disables the interrupt requests from the IMFA. 

Bit 0: IMIEA Description 

o Disables interrupt requests by the IMFA (IMIA) (initial value) 

Enables interrupt requests from the IMFA (IMIA) 

10.3 CPU Interface 

10.3.1 16-Bit Accessible Registers 

The timer counters (TCNT), general registers A and B (ORA, ORB), and buffer registers A and B 

(BRA, BRB) are 16-bit registers. The SH CPU can access these registers a word at a time using a 
16-bit data bus. Byte access is also possible. Read and write operations perfonned on the TCNT in 
word units are shown in figures 10.6 and 10.7. Byte-unit read and write operations on TCNTH and 
TCNTL are shown in figures 10.8-10.11. 
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Internal data bus 

<H > 
CPU L 

<~-> 
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Bus 
interface 

Figure 10.6 Accessing TCNT (CPU-TCNT (word» 

Internal data bus 
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<~-> 

..--------, 

Bus 
interface 

Figure 10.7 Accessing TCNT (TCNT-CPU (word» 

Internal data bus 
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Bus 
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H 

Figure 10.8 Accessing TCNT (CPU-TCNT (upper byte» 
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Internal data bus 
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Bus 
interface 
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Figure 10.9 Accessing TCNT (CPU-TCNT (lower byte» 

Internal data bus 
r-------, 

Bus 
interface 

H 

Figure 10.10 Accessing TCNT (TCNT-CPU (upper byte» 

Internal data bus 
r-------, 

Bus 
interface 

Figure 10.11 Accessing TCNT (TCNT-CPU (lower byte» 

10.3.2 8-Bit Accessible Registers 

Module 
data bus 

Module 
data bus 

Module 
data bus 

All registers other than the TCNT, general registers, and buffer registers are 8-bit registers. These 
are connected to the CPU by an 8-bit data bus. Figures 10.l2 and 10.13 illustrate reading and 
writing in byte units with the timer control register (TCR). These registers must be accessed by 
byte access. 
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Internal data bus .---------, 

Bus 
interface 

Figure 10.12 TCR Access (CPU-TCR) 

Internal data bus 
,--------, 

. Bus 
interface 

A 

I TCR I 

Figure 10.13 TCR Access (TCR-CPU ) 

10.4 Description of Operation 

10.4.1 Overview 

The operation modes are described below. 

Module 
data bus 

Module 
data bus 

Ordinary Operation: Each channel has a timer counter (TCNT) and general register (GR). The 
TCNT is an upcounter and can also operate as a free-running counter, periodic counter or external 
event counter. General registers A and B (GRA and ORB) can be used as output compare registers 
or input capture registers. 

Synchronized Operation: The TCNT of a channel set for synchronized operation does a 
synchronized preset. When any TCNT of a channel operating in the synchronized mode is 
rewritten, the TCNTs of other channels are simultaneously rewritten as well. The CCLR 1 and 
CCLRO bits of the timer control register of multiple channels set for synchronous operation can be 
set to clear the TeNTs simultaneously. 

PWM Mode: In PWM mode, a PWM waveform is output from the TIOeA pin. Output becomes 
1 upon compare match A and 0 upon compare match B. ORA and ORB can be set so that the 

236 HITACHI 



PWM waveform output has a duty cycle between 0% and 100%. When set for PWM mode t the 
GRA and GRB automatically become output compare registers. 

Reset-synchronized PWM Mode: Three pairs of positive and negative PWM waveforms can be 
obtained using channels 3 and 4 (the three phases of the PWM waveform share a transition point 
on one side). When set for reset-synchronized PWM mode t GRA3 t GRB3 t GRA4 t and GRB4 
automatically become output compare registers. The TIOCA3 t TIOCB3 t TIOCA4t TOCXA4 t 

TIOCB4 t and TOCXB4 pins also automatically become PWM output pins and TCNT3 becomes 
an up counter. TCNT4 functions independently (although GRA and GRB are isolated from 
TCNT4). 

Complementary PWM Mode: Three pairs of complementary positive and negative PWM 
waveforms whose positive and negative phases do not overlap can be obtained using channels 3 
and 4. When set for complementary PWM mode t GRA3 t GRB3 t GRA4 t and GRB4 automatically 
become output compare registers. The TIOCA3 t TIOCB3 t TIOCA4 t TOCXA4 t TIOCB4 t and 
TOCXB4 pins also automatically become PWM output pins while TCNT3 and TCNT4 become 

upcounters. 

Phase Counting Mode: In phase counting mode t the phase differential between two clocks input 
from the TCLKA and TCLKB pins is detected and the TCNT2 operates as an up/downcounter. In 
phase counting mode t the TCLKA and TCLKB pins become clock inputs and TCNT2 functions as 

~ ________ artup/downcounter. 

ButTer Mode: 

• When GR is an output compare register: The BR value of each channel is transferred to the GR 
when a compare match occurs. 

• When GR is an input capture register: The TCNT value is transferred to the GR when an input 
capture occurs and simultaneously the value previously stored in the GR is transferred to the 
BR. 

• Complementary PWM mode: When the TCNT3 and TCNT4 change count directions t the BR 
value is transferred to the GR. 

• Reset~synchronized PWM mode: The BR value is transferred to GR upon a GRA3 compare 
match. 

10.4.2 Basic Functions 

Counter Operation: When a start bit (STRO-STR4) in the timer start register (TSTR) is set to It 
the corresponding timer counter (TCNT) starts counting. There are two counting modes: a free­
running mode and a periodic mode. 
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• Procedure for selecting counting mode (figure 10.l4): 

1. Set bits TPSC2-TPSCO in the TCR to select the counter clock source. If an external clock 
source is selected, set bits CKEG 1 and CKEGO in the TCR to select the desired edges of 
the external clock signal. 

2. To operate as a periodic counter, set CCLRI and CCLRO in the TCR to select whether to 
clear the TCNT at GRA compare match or GRB compare match. 

3. Set the GRA or GRB selected in step 2 as an output compare register using the timer 110 
control register (TIOR). 

4. Write the desired cycle value in the GRA or GRB selected in step 1. 

5. Set the STR bit in the TSTR to 1 to start counting. 

Counting mode selection 

Select counter clock CD 

No 

Periodic counter Free-running counter 

Select counter 
® clear source 

Select output @ compare register 

Set period @ 

Start counting ® Start counting ® 
Periodic counter Free-running counter 

Figure 10.14 Procedure for Selecting the Counting Mode 
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• Free-running count and periodic count 

A reset of the counters for channels 0-4 leaves them all in the free-running mode. When a 
corresponding bit in the TSTR is set to 1, the corresponding timer counter operates as a free­

running counter and begins to increment. When the count wraps around from H'FFFF-H'OOOO, 
the overflow flag (OVF) in the timer status register (TSR) is set to 1. If the OVIE bit in the 
timer's corresponding interrupt enable register (TIER) is set to 1, the CPU will be asked for an 
interrupt. After the TCNT overflows, counting continues from H'OOOO. Figure 10.15 shows an 
example of free-running counting. 

Periodic counter operation is obtained for a given channel's TCNT by selecting compare match 
as a TCNT clear source. (Set the GRA or GRB for period setting to output compare register and 

select counter clear upon compare match using the CCLR 1 and CCLRO bits of the timer control 
register (TCR).) After setting, the TCNT begins incrementing as a periodic counter when the 
corresponding bit of TSTR is set to 1. When the count matches GRA or GRB, the IMFAIIMFB 
bit in the TSR is set to 1 and the counter is automatically cleared to H'OOOO. If the 

IMIEAlIMIEB bit of the corresponding TIER is set to 1 at this point, the CPU will be asked for 
an interrupt. After the compare match, TCNT continues counting from H'OOOO. Figure 10.16 
shows an example of periodic counting. 

TCNTvalue 

::::l········:~~= 
Time · . . · . . · . . · . . · . . · . . · . . 

STRO-STR4 ___ --' 

OVF __________________ ~ 

Figure 10.15 Free-Running Counter Operation 
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TCNT value Counter cleared by 1 ~ GR compare match 

·H'O::~·"Hqqqqq.==/?1= 
· . . Time · . . · . · . · . · . · . 

STRD-STR4 ------' 

IMF ------------' 

Figure 10.16 Periodic Counter Operation 

• TCNT counter timing 

Internal clock source: Bits TPSC2-TPSCO in the TCR select the system clock (CK) or one of 
three internal clock sources (<1>/2, <1>14, <1>/8) obtained by prescaling the system clock. Figure 10.17 
shows the timing. 

External clock source: The external clock input pin (TCLKA-TCLKD) source is selected by 
bits TPSC2-TPSCO in the TCR and its valid edges are selected with the CKEG 1 and CKEGO 
bits of the TCR. The rising edge, falling edge, or both edges can be selected. The pulse width of 

the external clock signal must be at least 1.5 system clocks when a single edge is selected and at 
least 2.5 system clocks when both edges are selected. Shorter pulses will not be counted 
correctly. Figure 10.18 shows the timing when both edges are detected. 

CK 

Internal clock 

TCNT input 
clock 

TCNTvalue 
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Figure 10.17 Count Timing for Internal Clock Sources 



External clock L input pin 
Z 

ss , 
TCNT input 

~s clock 

TCNT N -1 c: N X N + 1 

Figure 10.18 Count Timing for External Clock Sources 

Compare-Match Waveform Output Function: For lTV channels 0, 1,3, and 4, the output from 
the corresponding TIOCA and TIOCB pins upon compare matches A and B can be in three 
modes: O-level output, I-level output, or toggle. Toggle output cannot be selected in channel 2. 

• Procedure for selecting the waveform output mode (figure 10.19): 

1. Set the TIOR to select 0 output, 1 output, or toggle output for compare match output. The 
compare match output pin will output 0 until the first compare match occurs. 

2. Set a value in the ORA or ORB to select the compare match timing. 

3. Set the STR bit in the TSTR to 1 to start counting. 

Output selection 

Select waveform G) 
output mode 

Select ® output timing 

Start counting ® 

Waveform output 

Figure 10.19 Procedure for Selecting the Compare Match Waveform Output Mode 
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• Wavefonn output operation 

Figure 10.20 illustrates 0 outputll output. In the example, TeNT is a free-running counter, 0 is 
output upon compare match A and 1 is output upon compare match B. When the pin level 
matches the set level, the pin level does not change. 

Figure 10.21 shows an example of toggle output. In the figure, the TeNT operates as a periodic 
counter cleared by GRB compare match with toggle output at both compare match A 'and 
compare match B. 

TGNTvalue 

H'FFFF 

GRB .................................................................................................................... 
: : 

GRA ........... ~ . . . . . . .. . ......................... ':' . . . . . .. . ............ : ............ oj' ...................... . 

~----~---------+----~~----~--------~----~--------~--------~----------------~ Time 

TlOGB 
o o 

j Does not change 1 output ~ Does not change 

TIOGA o e 
Does not change Does not change o output 

Figure 10.20 Example of 0 Outputll Output 
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TCNTvalue 
Counter cleared at 
GRB compare match 

GRB ............................................................................................................... . 

~----~------~------~------~------~------~ Time 

TIOCB 

TIOCA 

Figure 10.21 Example of Toggle Output 

Toggle 
output 

Toggle 
output 
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• Compare match output timing 

The compare match signal is generated in the last state in which the TCNT and the general 
register match (when the TCNT changes from the matching value to the next value). When a 
compare match signal is generated, the output value set in TIOR is output to the output compare 
pin (TIOCA, TIOCS). Accordingly, when the TCNT matches a general register, the compare 
match signal is not generated until the next counter clock pulse. Figure 10.22 shows the output 
timing of the compare match signal. 

CK 

TGNT input 
clock 

TCNT 

GR 

Compare 
match signal 

TIOGA 
TIOGS 
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Input Capture Mode: In the input capture mode, the counter value is captured into a general 
register when the input edge is detected at an input capture/output compare pin (TIOCA, TIOCB). 
Detection can take place on the rising edge, falling edge, or both edges. Pulse width and cycle can 
be measured by using the input capture function. 

• Procedure for selecting the input capture mode (figure 10.23) 

1. Set the TIOR to select the input capture function of the GR and select the rising edge, 
falling edge, or both edges as the input edge of the input capture signal. Put the 
corresponding port into input-capture using the pin function controller before setting the 
TIOR. 

2. Set the STR bit in the TSTR to 1 to start the TCNT counting. 

Input selection 

Select input-capture input 

Start counting 

Capture 

Figure 10.23 Procedure for Selecting Input Capture Mode 
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• Input capture operation 

Figure 10.24 illustrates input capture. The falling edge of TIOCB and both edges of TIOCA are 

selected as input capture edges. In the example, TCNT is set to clear at the input capture of 

ORB. 

TCNT 
value 

H0180 
H'0160 

H0005 

Counter cleared 
/ by TIOCS input 
~ (falling edge) 

H'OOOO ~---"'-~----------~-\-~~-+-----------' Time 

TIOCS 

TIOCA 

GRA H'0005 

GRS ><~ ________________________ ~~X~ ____ H_'O_1_80 ____ __ 

Figure 10.24 Input Capture Operation 
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• Input capture timing 

Input capture on the rising edge, falling edge, or both edges can be selected by settings in the 
TIOR. Figure 10.25 shows the timing when the rising edge is selected. The pulse width of the 
input capture signal must be at least 1.5 system clocks for single-edge capture, and 2.5 system 
clocks for capture of both edges. 

CK 

Input capture 
input 

Input capture 
signal 

TCNT 

GRAlGRB 

N 

________________________________ -J)(~ ________ N ________ __ 

Figure 10.25 Input Capture Signal Timing 
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10.4.3 Synchronizing Mode 

In the synchronizing mode, two or more timer counters can be rewritten simultaneously 
(synchronized preset). Multiple timer counters can also be cleared simultaneously using TCR 

settings (synchronized clear). The synchronizing mode can increase the general registers for a 
single time base. All five channels can be set for synchronous operation. 

Procedure for Selecting the Synchronizing Mode (figure 10.26): 

1. Set 1 in the SYNC bit of the timer synchro register (TSNC) to use the channels in the 
synchronizing mode. 

2. When a value is written in the TCNT in any of the synchronized channels, the same value is 

simultaneously written in the TCNT in the other channels. 

3. Set the counter to clear with compare match/input capture using bits CCLRI and CCLRO in 
the TCR. 

4. Set the counter clear source to synchronized clear using the CCLR 1 and CCLRO bits. 

5. Set the STR bits in the TSTR to 1 to start counting in the TCNT. 

Select synchronizing 
mode 

Synchronized preset 

Set TCNT 

Synchronizing preset 

® 

® ® 
~------~--------~ ~--------~------~ 

Counter clear Synchronized clear 

Figure 10.26 Procedure for Selecting the Synchronizing Mode 
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Synchronized Operation: Figure 10.27 shows an example of synchronized operation. Channels 
0, 1, and 2 are set to synchronized operation and PWM output. Channel 0 is set for a counter clear 
upon compare match with GRBO. Channels 1 and 2 are set for counter clears by synchronizing 
clears. Accordingly, their timers are sync preset, then sync cleared by a GRBO compare match, and 
then a three-phase PWM waveform is output from the TIOCAO, TIOCAI and TIOCA2 pins. See 
section 10.4.4, PWM Mode, for details on the PWM mode. 

TCNTe-TCNT2 values Synchronized clear on GRBO compare match 

GRBO 

GRB1 

GRAO 

GRB2 

GRA1 

GRA2 

.................... L ................................... L ............................................... . 

................................. : ....... : ................................ ~ ........................ . 
· . · . · . · . 

. . . . .. . ............. : ...... : ....... : ....... :-...... . ............ ~ ...... r ...... t . . . . .. ...... . ........... . 

.............. ·····T·····~·······:······r····· ...... ~·····T·····r ....................... . 
~~~~-L ____ +-~ __ +--+ ____ ~~ __ ~: __ ~~: ____ ~~ ____ ~ ____ ~~ Time 

. . 

TIOCAO ~ L 
TIOCA1 

TIOCA2 

Figure 10.27 Synchronized Operation Example 
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10.4.4 PWM Mode 

The PWM mode is controlled using both the ORA and ORB in pairs. The PWM waveform is 
output from the TIOCA output pin. The PWM waveform's 1 output timing is set in ORA and the 0 
output timing is set in ORB. A PWM waveform with duty cycle between 0% and 100% can be 
output from the TIOCA pin by having either compare match ORA or ORB be the counter clear 
source for the timer counter. All five channels can be set to PWM mode. 

Table 10.11 lists the combinations ofPWM output pins and registers. Note that when the ORA 
and GRB are set to the same value, the output will not change even if a compare match occurs. 

Table 10.11 Combinations of PWM Output Pins and Registers 

Channel Output Pin 1 Output o Output 

0 TIOCAO GRAO GRBO 

TIOCA1 GRA1 GRB1 

2 TIOCA2 GRA2 GRB2 

3 TIOCA3 GRA3 GRB3 

4 TIOCA4 GRA4 GRB4 

Procedure for Selecting the PWM Mode (figure 10.28): 

1. Set bits TPSC2-TPSCO in the TCR to select the counter clock source. If an external clock 
source is selected, set bits CKEG 1 and CKEOO in the TCR to select the desired edges of the 
external clock signal. 

2. Set CCLR 1 and CCLRO in the TCR to select the counter clear source. 

3. Set the time at which the PWM waveform should go to 1 in the GRA. 

4. Set the time at which the PWM waveform should go to 0 in the GRB. 

5. Set the PWM bit in TMDR to select the PWM mode. When the PWM mode is selected, 

regardless of the contents of TIOR, the ORA and ORB become output compare registers 
specifying the times at which the PWM waveform goes high and low. TIOeA automatically 

becomes a PWM output pin. TIOCB becomes whatever is set in the TIOR's lOBI and lOBO 

bits. 

6. Set the STR bit in the TSTR to let the TCNT start counting. 

250 HITACHI 



PWM mode 

Select counter clock CD 

Select counter clear source ®. 

Set GRA ® 

Set GRB @ 

Select PWM mode ® 

Start counting ® 

PWM mode 

Figure 10.28 Procedure for Selecting the PWM Mode 

PWM Mode Operation: Figure 10.29 illustrates PWM mode operations. When the PWM mode is 
set, the TIOeA pin becomes the output pin. Output is 1 when the TeNT matches the GRA, and 0 
when the TeNT matches the GRB. The TeNT can be cleared by compare match with either GRA 
or ORB. This can be used in both free-running and synchronized operation. 

Figure 10.30 shows examples of PWM waveforms output with 0% and 100% duty cycles. A 0% 
duty waveform can be obtained by setting the counter clear source to ORB and then setting GRA 
to a larger value than GRB. A 100% duty waveform can be obtained by setting the counter clear 

source to GRA and then setting GRB to a larger value than GRA. 
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TCNT value 
Counter cleared by GRA compare match 

GRA 
, 

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

GRB -------

~------~------~~----~--------~------~------_+~Time 

TIOCA 

a. Counter cleared by GRA 

I 
I 
I 
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L------Jr 

TCNTvalue 
Counter cleared by GRB compare match 

GRB 
, 

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

GRA -------

~------~------~~----~~------~------~------_4~Time 

TIOCA l 
b. Counter cleared by GRB 

Figure 10.29 PWM Mode Operation Example 1 
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TCNTvalue 
I-counter cleared on compare match B 

-- -~~~~~~~~~~~~~-~~l-:---------GRB -----------

GRA 
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H'OOOO IL.-----.----.-~------__!o'---~__+----~ Time 

TIOCA ___ ....J L 
t t 

GRA write GRAwrite 

a. 0% duty 

TCNT value 
I-counter cleared on compare match A 
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GRA -----------

H'OOOO ~-----+----i-,"",*,"---------1IL---i--I-------+--+ Time 

TIOCA 

t 
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I 
I 
I 

L..----~ 
t 

GRB write 

Figure 10.30 PWM Mode Operation Example 2 
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10.4.5 Reset-Synchronized PWM Mode 

In the reset-synchronized PWM mode, three pairs of complementary positive and negative PWM 
waveforms that share a common wave turning point can be obtained using channels 3 and 4. When 
set for reset-synchronized PWM mode, the TIOCA3, TIOCB3, TIOCA4, TOCXA4, TIOCB4, and 
TOCXB4 pins automatically become PWM output pins and TCNT3 becomes an upcounter. Table 
10.12 shows the PWM output pins used and table 10.13 shows the settings of the registers used. 

Table 10.12 Output Pins for Reset-Synchronized PWM Mode 

Channel Output Pin Description 

3 TIOCA3 PWM output 1 

TIOCB3 PWM output 11 (negative-phase waveform of PWM output 1) 

4 TIOCA4 PWM output 2 

TOCXA4 PWM output 21 (negative-phase waveform of PWM output 2) 

TIOCB4 PWM output 3 

TOCXB4 PWM output 31 (negative-phase waveform of PWM output 3) 

Table 10.13 Register Settings for Reset-Synchronized PWM Mode 

Register Description of Contents 

TCNT3 Initial setting of H10000 

TCNT4 Not used (functions independently) 

GRA3 Set count cycle for TCNT3 

GRB3 Sets the turning point for PWM waveform output by the TIOCA3 and TIOCB3 pins 

GRA4 Sets the turning point for PWM waveform output by the TIOCA4 and TOCXA4 pins 

GRB4 Sets the turning point for PWM waveform output by the TIOCB4 and TOCXB4 pins 

Procedure for Selecting the Reset-Synchronized PWM Mode (figure 10.31): 

1. Clear the STR3 bits in the TSTR to halt TCNT3. The reset-synchronized PWM mode must 
be set up while TCNT3 is halted. 

2. Set bits TPSC2-TPSCO in the TCR to select the counter clock source for channel 3. If an 
external clock source is selected, select the external clock edges with bits CKEG 1 and 
CKEGO in the TCR. 

3. Set bits CCLRI and CCLRO in the TCR3 to select GRA3 as a counter clear source. 

4. Set bits CMDI and CMDO in TMDB to select the reset-synchronized PWM mode. TIOCA3-
TIOCB4, TOCXA4, and TOCXB4 automatically become PWM output pins. 
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5. Reset the TCNT3 (to H'ODOO). The TCNT4 need not be set. 

6. The ORA3 is the waveform period register. Set the waveform period value in the ORA3. Set 
the transition times of the PWM output waveforms in the ORB3, ORA4, and ORB4. Set 
times within the compare match range of the TCNT3. 

x ~ GRA3 (X: setting value) 

7. Set the STR3 bits in the TSTR to 1 to let the TCNT3 start counting. 

Reset synchronized 
PWM mode 

Stop counting CD 

Select counter clock ® 

Select counter clear source @ 

Select reset-synchronized 
® PWM mode 

Set TeNT ®. 

Set general registers ® 

Start counting (]) 

Reset-synchronized PWM mode 

Figure 10.31 Procedure for Selecting the Reset-Synchronized PWM Mode 
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Reset-Synchronized PWM Mode Operation: Figure 10.32 shows an example of operation in the 
reset-synchronized PWM mode. TCNT3 operates as an upcounter that is cleared to H'OOOO at 
compare match with GRA3. TCNT4 runs independently and is isolated from GRA4 and GRB4. 
The PWM waveform outputs toggle at each compare match (GRB3, GRA3, and GRB4 with 
TCNT3) and when the counter is cleared. 

See section 10.4.8, Buffer Mode, for details on simultaneously setting reset-synchronized PWM 
mode and buffer operation. 

TCNT value Counter cleared at GRA3 compare match 

GRA3 

GRB3 

GRA4 

GRB4 

TIOCA3 

TIOCB3 

TIOCA4 

TOCXA4 

TIOCB4 

TOCXB4 

I -------------- -------------- -

1 1 
1 1 

------ ---~-- ------- --~---
I I 1 I 
1 1 I I 

1----1-- -, - - - - -,- --1---

1 1 1 

~--~--~--~: --~,~~--~--~:--~,~~--~--~---+--.Time 
I I 'I 

H hlo-' ~r--l ----,---r-~ ~I ---.---r--~ I I 

I 1 1 

I I U LS 
L-j 1 1 

1 I I 

~r--------il I ~ 
I 1 I 

'-------------l_l I r 
LJ LJ L 
I I ! 

I'---------'h'---------'h~ _ ___'r_ 

Figure 10.32 Reset-Synchronized PWM Mode Operation Example 1 

10.4.6 Complementary PWM Mode 

In the complementary PWM mode, three pairs of complementary, non-overlapping, positive and 
negative PWM waveforms can be obtained using channels 3 and 4. In complementary PWM 
mode, the TIOCA3, TIOCB3, TIOCA4, TOCXA4, TIOCB4, and TOCXB4 pins automatically 
become PWM output pins and TCNT3 and TCNT4 become upcounters. Table 10.14 shows the 
PWM output pins used and table 10.15 shows the settings of the registers used. 
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Table 10.14 Output Pins for Complementary PWM Mode 

Channel Output Pin 

3 TIOCA3 

TIOCB3 

4 TIOCA4 

TOCXA4 

TIOCB4 

TOCXB4 

Description 

PWM output 1 

PWM output l' (non-overlapping negative-phase waveform of 
PWM output 1) 

PWM output 2 

PWM output 2' (non-overlapping negative-phase waveform of 
PWM output 2) 

PWM output 3 

PWM output 3' (non-overlapping negative-phase waveform of 
PWM output 3) 

Table 10.15 Register Settings for Complementary PWM Mode 

Register Description of Contents 

TCNT3 Initial setting of non-overlap cycle (the difference with TCNT4) 

TCNT4 Initial setting of H'OOOO 

GRA3 Set upper limit of TCNT3-1 

GRB3 Sets the turning point for PWM waveform output by the TIOCA3 and TIOCB3 pins. 

GRA4 Sets the turning point for PWM waveform output by the TIOCA4 and TOCXA4 pins. 

GRB4 Sets the turning point for PWM waveform output by the TIOCB4 and TOCXB4 pins. 

Procedure for Selecting the Complementary PWM Mode (figure 10.33): 

I. Clear STR3 and STR4 bits in the TSTR to halt the timer counters. The complementary PWM 
mode must be set up while TCNT3 and TCNT4 are halted. 

2. Set bits TPSC2-TPSCO in the TCR to select the same counter clock source for channels 3 and 
4. If an external clock source is selected, select the external clock edges with bits CKEG 1 and 
CKEGO in the TCR. Do not select any counter clear source with bits CCLRI and CCLRO in 
the TCR. 

3. Set bits CMDI and CMDO in TMDB to select the complementary PWM mode. TIOCA3-
TIOCB4, TOCXA4, and TOCXB4 automatically become PWM pins. 

4. Reset TCNT4 (to H'OOOO). Set the non-overlap offset in TCNT3. Do not set TCNT3 and 
TCNT4 to the same value. 
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5. ORA3 is the waveform period register. Set the upper limit of TCNT3-1 *. Set the transition 
times of the PWM output waveforms in ORB3, ORA4, and ORB4. Set times within the 
compare match range of TCNT3 and TCNT4. 

T~X 

(X: initial setting of GRB3, GRA4, and GRB4; T: initial setting of TCNT3) 

Note: ORA3 = [cycle count/2] + [count of non-overlaps] - 2cyc=[upper limit ofTCNT3]-1 

6. Set the STR3 and STR4 bits in the TSTR to 1 to let TCNT3 and TCNT4 start counting. 

Complementary PWM mode 

Stop counting <D 

Select counter clock ® 

Select complementary ® PWM mode 

Set TCNT ® 

Set general registers ® 

Start counting ® 

Complementary PWM mode 

Note To re-engage the complementary PWM mode after it has been aborted, start settings 
from step 1. 

Figure 10.33 Procedure for Selecting the Complementary PWM Mode 

Complementary PWM Mode Operation: Figure 10.34 shows an example of operation in the 
complementary PWM mode. TCNT3 and TCNT4 operate as up/downcounters, counting down 
from compare match of TCNT3 and GRA3 and counting up when TCNT4 underflows. PWM 
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waveforms are output by repeated comp,are matches with each of the general registers in the 
sequence TCNT3, TCNT4, TCNT4, TCNT3 (in this mode, TeNT3 starts out larger than TCNT4). 

Figure 10.35 shows examples ofPWM waveforms with 0% and 100% duty cycles (in one phase) 
in the complementary PWM mode. In this example, the pin output changes upon GRB3 compare 
match, so duty cycles of 0% and 100% can be obtained by setting ORB3 to a value larger than 
ORA3. Combining buffer operation with the above operation makes it easy to change the duty 
while operating. See section 10.4.8, Buffer Operation, for details. 

TCNT3, TCNT 4 value 

GRA3 

GRB3 

GRA4 

GRB4 

" 
;1 

:! " 
" 

I' :: 
TIOCA3 

il I' ,I 
I: 'I 

I; I 

TIOCB3 
I' ,I 

I: 
" 

" Ii ,! 

'I I' 

" 

:1 TIOCA4 
II 

:1 
,I 

" 

TOCXA4 
'I 

, 

I , 
!; 
" 

TIOCB4~ 
I 

TOCXB4i 

i l 

II 

Down-counting starts at compare match 

L ~~~::~ ~~~~~ ~~~ ~~!'~ _ _ _ _ _ _ __ _ 

I 
,I 

I' I , Time 
Up-co~~ting ~tarts at TCNT 4 underflow 

, " 'I ;, :i : 
, 1 • 

i,:, ;1 i 
,I 

;' II 

: 

;' :i 
!,: ;1 

:! ;f-I------
~-,~--~:,:-~ 

; 

I, 

:' 

Figure 10.34 Complementary PWM Mode Operation Example 1 
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TCNT3, TCNT 4 value 

GRA3 

GRB3 - --

TIOCA3 

TIOCB3 

(a) With 0% duty 

TCNT3, TCNT 4 value 
---------------

GRA3 --- -------------- -------

GRB3 

L-~---*~*-----~--------+_------~~----~~----~~Time 

TIOCA3 

TIOCB3 ~L--_---!.-._---J. __ nL___n'"______'1 
Duty 100% 

'III .. 

(b) With 100% duty 

Figure 10.35 Complementary PWM Mode Operation Example 2 

At the point where the up-countldown-count changes in the complementary PWM mode, TCNT3 
and TCNT4 will overshoot and undershoot, respectively. When this occurs, the setting conditions 
for the IMFA bit of channel 3 and the overflow flag (OYF) of channel 4 are different from usual. 
Transfer conditions for the buffer also differ. The timing is as shown in figures 10.36 and 10.37. 
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TCNT3 

GRA3 

IMFA 

Buffer transfer 
signal (BR to GR) 

GR 

TCNT4 

OVF 

Buffer transfer 
signal (BR to GR) 

GR 

~ N-1 X N X N+1 X 
I 

( N ( 

~ \ Flag not set 

------------------~ 

Set to 1 

T 1-' 
I , 

--- '--------t---t-

----------~X~------~~i--, / 

Buffer transfer performed '-' Buffer transfer 
not performed 

Figure 10.36 Overshoot Timing 

Underflow Overflow 

~ H' 0001 X H' 0000 X H' FFFF X H' 0000 C 

rJ 1 ,.._ .... , Flag not set 

------------------~. S~~/--4'-------
\ I , ,.. 

______________ s_e_t --,10 T (~; 
__________________ -Jx \,...,/ 

Buffer transfer performed Buffer transfer 
not performed 

Figure 10.37 Undershoot Timing 
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The IMFA bit of channel 3 is set to 1 for increment pulses and the OVF bit of channel 4 is set to 1 
for underflows only. The buffer register (BR) set for the buffer operation is transferred to the OR 
upon compare match A3 (when incrementing) or TCNT4 underflow. 

GR Setting in Complementary Mode: Be aware of the following when setting the general 
registers in complementary PWM mode and when making changes during operation. 

• Initial values: Setting H'OOOO to T-I (the initial setting T: TeNT3) is prohibited. After counting 
starts, this setting is allowed from the point when the first A3 compare match occurs. 

• Methods of changing settings: Use the buffer operation. Writing directly to general registers 
may result in incorrect waveform output. 

• When changing settings: See figure 10.38. 

GRA3 

GR 

H'OOOO ~--------~----------~----~----~---+----~~----

Prohibited 

:: 1 1 x,.-----------x 1 X >E 
Figure 10.38 Example of Changing GR Settings with Buffer Operation (1) 

Buffer Transfers when Changing from Increment to Decrement: When the contents of the OR 
are within ORA3 - T + 1 and ORA3, do not transfer a value outside this range. When the contents 
of GR are outside this range, do not a transfer a value within it. Figure 10.39 illustrates a point of 
caution regarding changing of OR settings with a buffer operation. 
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GRA3 + 1 
GRA3 

GRA3-T + 1 
GRA3-T 

Changes inhibited 

Figure 10.39 . Caution for Changing GR Settings with Buffer Operation (1) 

Buffer Transfers when Changing from Decrement to Increment: When the contents of the GR 

are within H'OOOO to T -1, do not transfer a value outside this range. When the contents of GR are 
outside this range, do not transfer a value within it. Figure 10.40 illustrates this point of caution 
regarding changing of GR settings with a buffer operation 

TCNT4~ 

T 
T-1 

H' 0000 
H' FFFF 

Changes inhibited 

Figure 10.40 Caution for Changing GR Settings with Buffer Operation (2) 

When GR Settings are Outside the Count Range (H'OOOO-GRA3): Wavefonns of duty cycle 

0% and 100% can be output by setting GR outside the count area. Be sure to make the direction of 
the count (increment/decrement) when writing a setting from outside the count area into the buffer 
register (BR) the same as the count direction when writing the setting that returns to within the 

count area in the BR. 
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GRA3 

GR 

H'OOOO--~--~~~--~--------~~~~----~------~--~--

:: ::~ Duty 0% ---+: ~ Duty 100% -+i: 
illl II II 
II II II! 1 : n 1 : 1-1----------i11 

Output pin -------11-' '-il----------;-'I '-i1i-------

Output pin U I I 

SR 

GR 

Write on decrement Write on increment 

Figure 10.41 Example of Changing GR Settings with Buffer Operation (2) 

The above settings are made by detecting the occurrence of a ORA3 compare match or underflow 
of TCNT4 and then writing to BR. They can also be accomplished by starting up the DMAC with 
a ORA3 compare match. 

10.4.7 Phase Counting Mode 

The phase counting mode detects the phase differential of two external clock inputs (TCLKA and 
TCLKB) and counts TCNT2 up or down. When set in the phase counting mode, the TCLKA and 
TCLKB pins automatically become external clock input pins, regardless of the settings of the 
TPSC2-TPSCO bits of TCR2 or the CKEO 1 and CKEOO bits. TCNT2 also becomes an up/down 
counter. Since the TCR2 CCLRlICCLRO bits, TIOR2, TIER2, TSR2, ORA2 and ORB2 are all 
enabled, input capture and compare match functions and interrupt sources can be used. Phase 
counting is available only in channel 2. 

Procedure for Selecting the Phase Counting Mode: Figure 10.42 shows the procedure for 
selecting the phase counting mode. 

1. Set the MDF bit of the timer mode register (TMDR) to 1 to select the phase counting mode. 

2. Select the flag set conditions using the FDIR bit of the TMDR. 

3. Set the STR2 bit of the timer start register (TSTR) to 1 to start the count. 
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Phase counting mode 

Select phase counting mode CD 

Select flag setting condition ® 

Start counting ® 

Phase counting mode 

Figure 10.42 Procedure for Selecting the Phase Counting Mode 

Phase Counting Operation: Figure 10.43 shows an example of phase counting mode operation. 
Table 10.16 lists the upcounting and downcounting conditions for TCNT2. The lTV counts on 
both rise and fall edges of TCLKA and TCLKB. The phase differential and overlap of TCLKA 
and TCLKB must be 1.5 cycles or more and the pulse width must be 2.5 cycles or more. 

TCNT2 value 

~nt 

TCNT2 

Time 

TelKB ~ ~ f t f + f + t 
TClKA f + f i t i f i r-

Figure 10.43 Phase Counting Mode Operation 

Table 10.16 Up/Down Counting Conditions 

Counting 
Direction Increment Decrement 

TClKB Rising High Falling low Rising low Falling High 

TClKA low Rising High Falling High Rising Low Falling 
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TCLKA 

TCLKB 

Phase Phase Pulse Pulse 
differential differential width width 
1 
14 
I 
I 
1 
I 
I 

1 
~, 

1 

I 
I 

I 
1 

ICj 

1 
14 
1 
1 

I 

~ 

Overlap 

I 1 
a.l 14 

, 1 

I 
1.4--~ .. 1 
I I 

Overlap 

.. : 
I 
I 

I 1 
'4 .. 
1 1 
1 I 

I L 

Phase differential, overlap: 1.5 cycles minimum 
Pulse width: 2.5 cycles minimum 

Figure 10.44 Phase Differentials, Overlap and Pulse Width in the Phase Counting Mode 

10.4.8 Buffer Mode 

In the buffer mode, the buffer operation functions differ depending on whether the general 
registers are set to output compare or input capture, the reset-synchronized PWM mode, or 
complementary PWM mode. The buffer mode is a function of channels 3 and 4 only. Buffer 
operations set this way function as follows. 

GR is an Output Compare Register: The value of the buffer registers of a channel is transferred 
to the GR when the channel experiences a compare match. This is illustrated in figure 10.45. 

Compare match signal 

I ~I I i '--_B_R_-'H>l'--_G_R_-----'R Comparator R TCNT 

Figure 10.45 Compare Match Buffer Operation 

GR is an Input Capture Register: TeNT values are transferred to GR when input capture occurs 
and the value previously stored in OR is transferred to BR. This operation is illustrated in 
figure 10.46. 
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Input capture signal 

BR GR TeNT 

Figure 10.46 Input Capture Buffer Operation 

Complementary PWM Mode: When the count direction of TCNT3 and TCNT4 change, the BR 
value is transferred to the GR. The following timing is employed for this transfer: 

• Whenever TCNT3 and GRA3 compare-match 

• Whenever TCNT4 underflows 

Reset-Synchronized PWM Mode: The BR value is transferred to GR upon a GRA3 compare 
match. 

Procedure for Selecting the Buffer Mode (figure 10.47): 

1. Set the TIOR to select the output compare or input capture function of the GR. 

2. Set bits BFA3, BFB3 and BFB4 in the TFCR to select the buffer mode for the GR. 

3. Set the STR bit in the TSTR to 1 to start the TCNT counting. 

Buffer mode 

Select general register function CD 

Select buffer mode ® 

Start counting ® 

Buffer mode 

Figure 10.47 Procedure for Selecting the Buffer Mode 
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Buffer Mode Operation: Figure 10.48 shows an example of an operation in the buffer mode with 
GRA set as an output compare register and GRA and buffer register A (BRA) set for buffer 
operation. The TCNT operates as a periodic counter that is cleared by GRB compare match. 
TIOeA and TIOCB are set to toggle at compare matches A and B.. Since buffer mode is selected, 
when TIOCA toggles at a compare match A, the BRA value is simultaneously transferred to the 
GRA. This operation is repeated at every compare match A. The transfer timing is shown in figure 
10.49. 

TCNT value 
GRB - ___________ _ 

H'0250 
H'0200 

H'0100 

------ -t-----
1 

1 ----T----
1 

1 

Counter cleared by compare match B 

1 1 
___ L ____________ ~ _____ _ 

1 1 

: : 
H' 0000 "'-------+----1"-----t------f-----...--t----;--..... Time 

BRA H' 0200 1 

GRA H' 0250: 
1 r-- Toggle 1 1 

TIOCB 
1 1 

1 1 
output 

I 
1 

TIOCA I U L Toggle 

t t t t t output 
\.. 

V 
} 

Compare match A 

Figure 10.48 Buffer Mode Operation Example 1 (Output Compare Register) 

268 HITACHI 



CK 

TCNT 

Compare 
match signal 

Buffer 
transfer signal 

SR 

GR 

___________ n ________ ~)(~ ______ n_+_1 __________________ _ 

( 
___________ n ________ ~)(~ ____ N __ ) ____________________ ___ 

Figure 10.49 Compare Match Timing Example for ButTer Operation 
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Figure 10.50 shows an example of input capture operation in the buffer mode between GRA and 
BRA with GRA as an input capture register. The TCNT is cleared by input capture B. The falling 
edge is selected as the input capture edge at TIOCB. Both edges are selected as input capture 
edges at TIOCA. When the TCNT value is stored in GRA by input capture A, the previous GRA 
value is transferred to the BRA. The timing is shown in figure 10.51. 

TCNT value 

H0180 
H0160 

H' 0005 

TIOCB I 
I 
I 
I 
I 
j 
I 

TIOCA~ 
I 
I 

GRA 

BRA 

GRB =>< 
t , 

HI 0005 

v 

Input capture A 

I 
I 
I 
I 
I 
I 

t 

t 

I 

t 

Counter cleared 
/ at input capture B 

I 
I 

f 
I 

H' 0160 

X H' 0180 

t 
) 

Figure 10.50 Buffer Mode Operation Example 2 (Input Capture Register) 
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CK 

TIOC pin 

Input 
capture signal 

TeNT 

GR 

BR 

Figure 10.51 Input Capture Timing Example for Buffer Operation 

An example of buffer operation in the complementary PWM mode between GRB3 and BRB3 is as 
shown in figure 10.52. By making GRB31arger than GRA3 using the buffer operation, a PWM 
waveform with a duty cycle of 0% is generated. The transfer from BRB-GRB occurs upon 
TCNT3 and GRA compare match and TCNT4 underflow. 

TCNT3 and TCNT 4 values 

TCNT3 GRB3 
H'1FFF 

GRA3 ~-------~==========-==========~~-------I I 
I I 
I I 
I I 
I I 

H' 0999 --- I I 

H' 0000 
II I I \1 

BRB3 H'~F9 i H' 1FFF X H' 0;999 Ii 
:1 I :1 

GRB3 H'0999 I H' 1 FFF I H'1FFF 
II II II 

TIOCA3 il Ii II 
I I I 

TIOCB3~ I 
I 

L 
Figure 10.52 Buffer Operation 4 (Complementary PWM Mode) 

Time 
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10.4.9 ITU Output Timing 

lTV outputs in channels 3 and 4 can be inverted with the TOCR. 

Output Inversion Timing with the TOCR: Output levels can be inverted by inverting the output 
level select bits (OLS4 and OLS3) of the TOCR in the complementary PWM mode and reset­
synchronized PWM mode. Figure 10.53 illustrates the timing. 

I ! I I 

I+-T1---+1+- T2---+1+-T3--.1 

CK 
I I I 
I I I 

Address =>< T~CR addre:ss C 
I I I I 
I I I 

TOCR --+--! --+------<.~ ! 

: ::-=i 
ITU output pin ! ! K= 

Inyersion 

Figure 10.53 Example of Inverting ITU Output Levels by Writing to TOCR 

272 HITACHI 



10.5 Interrupts 

The lTV has two interrupt sources: input capture/compare match and overflow. 

10.5.1 Timing of Setting Status Flags 

Timing for Setting IMF A and IMFB in a Compare Match: The IMF bits of the TSR are set to 
1 by a compare match signal generated when the TCNT matches a general register. The compare 
match signal is generated in the last state in which the values match (when the TeNT is updated 
from the matching count to the next count). Therefore, when the TCNT matches the ORA or ORB, 
the compare match signal is not generated until the next timer clock input. Figure 10.54 shows the 
timing of setting the IMF bits. 

CK 

TCNT 
input clock 

TCNT 

GR 

Compare 
match signal 

IMF 

IMI 

_________ N __ ~)(~ _______________ N_+ __ 1 ______________ __ 

N 

Figure 10.54 Timing of Setting Compare Match Flags (IMFA, IMFB) 
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Timing of Setting IMF A, IMFB for Input Capture: The IMF A and IMFB are set to 1 by an 
input capture signal. At this time, the TeNT contents are transferred to the GR. Figure 10.55 
shows the timing. 

CK 

Input 
capture 

signal 

IMF 

TCNT 

GR 

IMI 

N 

________ ~X~ _____ N ____ _ 

Figure 10.55 Timing of Setting IMFA and IMFB for Input Capture 
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Timing of Setting Overflow Flag (OVF): The OVF is set to 1 when the TCNT overflows from 
H'FFFF-H'OOOO or underflows from H'OOOO-H'FFFF. Figure 10.56 shows the timing. 

CK 

TCNT 

Overflow 
signal 

OVF 

OVI 

____ H_'_F_F_F_F __ ~)(~ ______________ H_'_O_OO_O ______________ _ 

Figure 10.56 Timing of Setting OVF 

10.5.2 Clear Timing of Status Flags 

The status flags are cleared by a write cycle in which 1 is read on the CPU and then 0 is written to 
it. This timing is shown in figure 10.57. 

TSR write cycle 

I... T1 J>j<t T2 ~ T3 __ I 

CK 

Address ______________ ~)(~ ______ T_S_R __ a_dd_r_e_ss ______ _J)(~ ____ __ 

IMF,OVF 

Figure 10.57 Timing of Status Flag Clearing 
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10.5.3 Interrupt Sources and Activating the DMAC 

The lTV has compare match/input capture A interrupts, compare match/input capture B interrupts 
and overflow interrupts for each channel. Each of the fifteen of these three types of interrupts are 
allocated their own independently vectored addresses. When the interrupt's interrupt request flag 
is set to 1 and the interrupt enable bit is set to 1, the interrupt is requested. 

The channel priority order can be changed with the interrupt controller. For more information, see 
section 5, Interrupt Controller. The compare match/input capture A interrupts of channels 0-3 can 
start the DMAC to transfer data. Table 10.17 lists the interrupt sources. 

Table 10.17 lTV Interrupt Sources 

Interrupt DMAC Priority 
Channel Source Description Activation Order· 

0 IMIAO Compare match or input capture AO Yes High 

IMIBO Compare match or input capture BO No i 
OVIO Overflow 0 No 

IMIA1 Compare match or input capture A 1 Yes 

IMIB1 Compare match or input capture B1 No 

OVI1 Overflow 1 No 

2 IMIA2 Compare match or input capture A2 Yes 

IMIB2 Compare match or input capture B2 No 

OVI2 Overflow 2 No 

3 IMIA3 Compare match or input capture A3 Yes 

IMIB3 Compare match or input capture B3 No 

OVI3 Overflow 3 No 

4 IMIA4 Compare match or input capture A4 No 

IMIB4 Compare match or input capture B4 No J, 

OVI4 Overflow 4 No Low 

Note: Indicates the initial status following reset. The ranking of channels can be altered using the 
interrupt controller. 
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10.6 Notes and Precautions 

This section describes contention and other matters requiring special attention during lTD 
operations. 

10.6.1 Contention between TCNT Write and Clear 

If a counter clear signal occurs in the T3 state of a TeNT write cycle, clearing the counter takes 
priority and the write is not performed. The timing is shown in figure 10.58. 

TCNT write cycle by CPU 

fca T1 ~ T2 ~ T3 ~ 

CK 

Address J'--__ T_C_N_T_a_d_d_re_s_s ___ >C 
Internal write signal 

Counter clear signal 

TCNT _____ N ___ ----'X H' 0000 

Figure 10.58 Contention between TCNT Write and Clear 
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10.6.2 Contention between TCNT Word Write and Increment 

If an increment pulse occurs in the T3 state of a TeNT word write cycle, writing takes priority and 
the TeNT is not incremented. The timing is shown in figure 10.59. 

TeNT word write cycle by CPU 

CK 

Add ~ TeNT address V-ress --.I\~ _________ "--

Internal write signal 

TeNT input clock 

TeNT _____ N ____ -J»~ M 

TCNT write data 

Figure 10.59 Contention between TCNT Word Write and Increment 
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10.6.3 Contention between TCNT Byte Write and Increment 

If an increment pulse occurs in the T2 state or T3 state of a TeNT byte write cycle, counter 
writing takes priority and the byte data on the side that was previously written is not incremented. 
The TeNT byte data that was not written is also not incremented and retains its previous value. 
The timing is shown in figure 10.60 (which shows an increment during state T2 of a byte write 
cycle to TeNTH). 

CK 

. -V TCNTH address V-
Address ---.1\ __________ "'--

Internal write signal 

TCNT input clock 

TCNTH 

:CNT write data 0>" 
M 

TCNTL X X X+l X X 

Figure 10.60 Contention between TCNT Byte Write and Increment 
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10.6.4 Contention between GR Write and Compare Match 

If a compare match occurs in the T3 state of a general register (OR) write cycle, writing takes 
priority and the compare match signal is inhibited. The timing is shown in figure 10.61. 

GR write cycle 

T1 T2 T3 
i~ 

CK 

Address ~,--___ G_R_ad_d_r_e_ss __ ---,X,--__ 
Internal 

write signal 

TCNT 

GR 

Compare 
match signal 

X N+ 1 --------------------' 
N 

X" M ----------------~ / 

N 

GR write data 
.................. 

j.- Inhibited 

Figure 10.61 Contention between General Register Write and Compare Match 
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10.6.S Contention between TCNT Write and OverflowlUnderflow 

If an overflow occurs in the T3 state of a TeNT write cycle, writing takes priority over counter 
incrementing. The OVF is set to 1. The same applies to underflows. This timing is shown in figure 
10.62. 

TeNT write cycle 

T1 T2 

CK 

Address ~,-___ T_C_N_T_a_d_d_r_es_s __ .-JX,-__ 
Internal 

write signal 

TCNT 
input clock 

Overflow 
signal 

TCNT 

OVF 

____ H_'F_F_F_F ______ X" M 
/ 

TCNT write data 

Figure 10.62 Contention between TeNT Write and Overflow 
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10.6.6 Contention between General Register Read and Input Capture 

If an input capture signal is generated during the T3 state of a general register read cycle, the value 
before input capture is read. The timing is shown in figure 10.63. 

G R read cycle 

T1 T2 T3 

I" ~I 

CK 

Address Y.. _____ G_R_a_d_d_re_s_s __ ---'X"-__ _ 
Internal read 

signal 

Input capture 
signal 

GR 

Internal 
data bus 

__________ X ______ ~X~ ________ M ____ _ 

----«'----_x ---J)r---

Figure 10.63 Contention between General Register Read and Input Capture 
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10.6.7 Contention Between Counter Clearing by Input Capture and Counter Increment 

If an input capture signal and counter increment signal occur simultaneously, the counter is cleared 
according to the input capture signal. The counter is not incremented by the increment signal. The 
TeNT value before the counter is cleared is transferred to the general register. The timing is 
shown in figure 10.64. 

CK 

Input capture 
signal 

Counter 
clear signal 

TCNT 
input clock 

TCNT 

GR 

N X H'OOOO 

____ --JX N 

Figure 10.64 Contention between Counter Clearing by Input Capture and Counter 
Increment 
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10.6.8 Contention between General Register Write and Input Capture 

If an input capture signal is generated during the T3 state of a general register write cycle, the 
input capture transfer takes priority and the write to the GR is not performed. The timing is shown 
in figure 10.65 .• 

GR write cycle 

T1 T2 T3 

CK 

Address ~,--___ G_R_a_d_d_re_s_s __ ~X,-__ _ 
Internal 

write signal 

Input capture 
signal 

TCNT 

GR 

Figure 10.65 Contention between General Register Write and Input Capture 

10.6.9 Note on Waveform Cycle Setting 

When a counter is cleared by compare match, the counter is cleared in the last state in which the 
TCNT value matches the GR value (when the TCNT is updated from the matching count to the 
next count). The actual counter frequency is therefore given by the following formula: 

f = <I>/(N + 1) 
(f: counter frequency. <1>: operating frequency. N: value set in the GR.) 
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10.6.10 Contention Between BR Write and Input Capture 

When a buffer register (BR) is being used as an input capture register and an input capture signal 
is generated in the T3 state of the write cycle, the buffer operation takes priority over the BR write. 
The timing is shown in figure 10.66. 

BR write cycle 

T2 T3 

CK 

Address J ______ B_R_a_d_d_re_s_s __ ---'X'--__ 

Internal 
write signal 

Input capture 
signal 

GR 

BR 
________ : ____ '_~~ ~~~~. _T_;_~_T_va_lu_e 

Figure 10.66 Contention between BR Write and Input Capture 
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10.6.11 Note on Writing in the Synchronizing Mode 

After the synchronizing mode is selected, if the TCNT is written by byte access, all 16 bits of all 
synchronized counters assume the same value as the counter that was addressed. 

Example: Figures 10.67 and 10.68 show byte write and word write when channels 2 and 3 are 
synchronized 

TCNT21 

Write A to upper 

W X byte of channel 2 TCNT21 A X ... 
TCNT31 Y z TCNT31 A X 

Upper Lower 
Write A to lower 

Upper Lower 
byte byte 

byte of channel 3 
byte byte 

----------. TCNT21 Y A 

TCNT31 Y A 

Upper Lower 
byte byte 

Figure 10.67 Byte Write to Channel 2 or Byte Write to Channel 3 

TCNT21 W X TCNT21 A B 
.... 

TCNT31 y Z Word write of AB TCNT31 A B 

Upper Lower 
for channel 2 or 3 

Upper Lower 
byte byte byte byte 

Figure 10.68 Word Write to Channel 2 or Word Write to Channel 3 

10.6.12 Note on Setting Reset-synchronized PWM Mode/Complementary PWM Mode 

When the CMD 1 and CMDO bits of TFCR are set, note the following. 

1. Writes to CMDI and CMDO should be done while TCNT3 and TCNT4 are halted. 

2. Changes of setting from the reset-synchronized PWM mode to the complementary PWM 
mode and vice versa are inhibited. Set the reset-synchronized PWM mode or complementary 
PWM mode after first setting normal operation (clear CMDI bit to 0). 
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10.6.13 Clearing the Complementary PWM Mode 

Figure 10.69 shows the procedure for clearing the complementary PWM mode. First, reset the 
combination mode bits CMD 1 and CMDO in the timer function control register (TFCR) from 10 to 
either 00 or 01. The mode will switch from complementary PWM mode to normal operating 
mode. Next, wait for at least 1 clock of the counter input clock being used for channels 3 and 4 
and then clear the counter start bits STR3 and STR4 of the timer start register (TSTR). The 
channels 3 and 4 counters TCNT3 and TCNT4 will stop counting. Clearing the complementary 
PWM mode by any other procedure may result in changes other than those set for the output 
waveform when complementary PWM mode is set again. 

Complementary PWM mode 
I 

Clear complementary 
PWM mode 

I 
Halt count 

Normal operation 

1. Clear the CMD1 bit of the TFCR to 0 
to set channels 3 and 4 for normal operation 

2. Wait at least 1 clock after setting channels 3 and 4 
for normal operation and then clear the STR3 and 
STR4 bits of the TSTR to 0 to halt the TCNT3 and 
TCNT 4 counters 

Figure 10.69 Clearing the Complementary PWM Mode 

10.6.14 ITU Operating Modes 

Tables 10.18-10.22 show the lTV operating modes for channels 0-4. 
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Table 10.18 ITU Operating Modes (Channel 0) 

Register Setting 

TSNC TMDR TFCR TOCR TIORO TCRO 

Reset Output 
Operat- Camp Sync Buf- Level Clear Clock 
ing Mode Sync MDF FDIRPWM PWM PWM fer Select lOA lOB . Select Select 

Synchron- SYNCO - ~ " ~ ~ ~ 
ized = 1 
preset 

PWM ~ PWMO ~ " " = 1 

Output " PWMO IOA2= " " " compare =0 o others 
A function free 

Output " " " 1082= " compare 0, others 
8 function free 

Input " PWMO IOA2= " " capture A =0 1, others 
function free 

Input " PWMO " 1082= " capture 8 =0 1, others 
function free 

Counter Clear Function 

Clear at ~ " " CCLR1~ 
compare =0 
match! CCLRO 
input = 1 
capture A 

Clear at " " " CCLR1~ 
compare = 1 
match! CCLRO 
input =0 
capture 8 

Synch- SYNCO - " " CCLR1 " 
ronized = 1 =1 
clear CCLRO 

= 1 

,,: Settable, -: Setting does not affect current mode 

Note: In PWM mode, the input capture function cannot be used. When compare match A and 
compare match 8 occur simultaneously, the compare match signal is inhibited. 
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Table 10.19 lTV Operating Modes (Channell) 

Register Setting 

TSNC TMDR TFCR TOCR TIOR1 TCR1 

Reset Output 
Operat- Comp Sync Buf- Level Clear Clock 
Ing Mode Sync MDF FDIRPWM PWM PWM fer Select lOA lOB Select Select 

Synch- SYNC1 - ...; ...; ...; ...; ...; 
ronized = 1 
preset 

PWM ...; PWM1 "';*1 ...; ...; 
= 1 

Output ...; PWM1 IOA2= ...; ...; ...; 
compare =0 0, others 
A function free 

Output ...; ...; ...; 1082= ...; 

compare 0, others 
8 function free 

Input ...; PWM1 IOA2= ...; ...; 
capture A =0 1, others 
function free 

Input ...; PWM1 ...; 1082= ...; 
capture 8 =0 1, others 
function free 

Counter Clear Function 

Clear at ...; ...; ...; CCLR1.y 
compare =0 
match! CCLRO 
input = 1 
capture A 

Clear at " ...; " CCLR1~ 
compare = 1 
match! CCLRO 
input =0 
capture 8 

Synch- SYNC1 - ...; ...; CCLR1"'; 
ronized = 1 = 1 
clear CCLRO 

= 1 

...;: Settable, -: Setting does not affect current mode 

Note: In PWM mode, the input capture function cannot be used. When compare match A and 
compare match 8 occur simultaneously, the compare match signal is inhibited. 
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Table 10.20 lTV Operating Modes (Channel 2) 

Register Setting 

TSNC TMDR TFCR TOCR TIOR2 TCR2 

Reset Output 
Operat- Comp Sync Buf- Level Clear Clock 
Ing Mode Sync MDF FDIRPWM PWM PWM fer Select lOA lOB Select Select 

Synch- SYNC2 - ~ ~ ~ ~ ~ 
ronized = 1 
preset 

PWM ~ PWM2 ~ ~ ~ 
= 1 

Output ~ PWM2 10A2= ~ ~ ~ 
compare =0 0, others 
A function free 

Output ~ ~ ~ 1082= ~ 
compare 0, others 
8 function free 

Input ~ PWM2 10A2= ~ ~ 
capture A =0 1, others 
function free 

Input ~ PWM2 ~ 1082= ~ 
capture 8 =0 1, others 
function free 

Counter Clear Function 

Clear at ~ ~ ~ CCLR1 ~ 
compare =0 
match/ CCLRO 
input = 1 
capture A 

Clear at ~ ~ ~ CCLR1 ~ 
compare = 1 
match! CCLRO 
input =0 
capture 8 

Synch- SYNC2 - ~ ~ CCLR1 ~ 
ronized = 1 = 1 
clear CCLRO 

= 1 

Phase ~ MDF ~ ~ ~ ~ ~ 
counting = 1 

~: Settable, -: Setting does not affect current mode 

Note: In PWM mode, the input capture function cannot be used. When compare match A and 
compare match 8 occur simultaneously, the compare match signal is inhibited. 
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Table 10.21 lTV Operating Modes (Channel 3) 

Register Setting 

TSNC TMDR TFCR TOCR TIOR3 TCR3 

Reset Output 
Operating Comp Sync Buf- Level Clear Clocl, 
Mode Sync MDF FDlRPWM PWM PWM fer Select lOA lOB Select Select 

Synch- SYNC3 - V V*2 V V V V V V 
ronized = 1 
preset 

PWM V PWM3 CMD1 CMD1 V V*1 V V 
mode = 1 =0 =0 

Output V PWM3 CMD1 CMD1 V 10A2= V V V 
compare A =0 =0 =0 0, others 
function free 

Output " v CMD1 CMD1 v v 1082= v 
compare 8 =0 =0 O,oth-
function ers free 

Input v PWM3 CMD1 CMD1 v IOA2= v v 
capture A =0 =0 =0 1, others 
function free 

Input v PWM3 CMD1 CMD1 v v 1082 = v 
capture 8 =0 =0 =0 1, oth-
function ers free 

Counter Clear Function 

Clear at " v CMD1 V*3 v v CCLR1v 
compare = 1, =0 
match! CMDO CCLRO 
input =0 = 1 
capture A inhib-

ited 

Clear at " v CMD1 CMD1 v v CCLR1v 
compare =0 =0 = 1 
match! CCLRO 
input =0 
capture 8 

Synch- SYNC3 - v CMD1 v v v CCLR1v 
ronized =1 = 1, = 1 
clear CMDO CCLRO 

=0 = 1 
inhib-
ited 
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Table 10.21 ITU Operating Modes (Channel 3) (cont) 

Counter Clear Function 

Register Setting 

TSNC TMDR TFCR TOCR 

Reset Output 
Operating Comp Sync Buf- Level 
Mode Sync MDF FDIRPWM PWM PWM fer Select lOA 

Com ple- ...j*2 
mentary 
PWM 
mode 

Reset " 
synchron-
ized PWM 
mode 

Buffer ...j 
(BRA) 

Buffer 
(BRB) 

...j 

...j 

CMD1 CMD1...j ...j 

= 1 = 1 
CMDOCMDO 
=0 =0 

CMD1 CMD1...j ...j 

= 1 =1 
CMDOCMDO 
= 1 = 1 

...j ...j 

...j ...j 

BFA3 -
= 1, 
others 
free 

BFB3 -
= 1, 
others 
free 

,,: Settable, -: Setting does not affect current mode 

...j 

" 

TIOR3 TCR3 

Clear Clock 
lOB Select Select 

CClR1...j*4 
=0 
CClRO 
=0 

CClR1...j 
=0 
CClRO 
=1 

...j ...j 

" ...j ...j 

Notes: 1. In PWM mode, the input capture function cannot be used. When compare match A and 
compare match B occur simultaneously, the compare match signal is inhibited. 

2. When set for complementary PWM mode, do not simultaneously set channel 3 and 
channel 4 to function synchronously. 

3. Counter clearing by input capture A cannot be used when the reset-synchronized PWM 
mode is set. 

4. Clock selection when the complementary PWM mode is set should be the same for 
channels 3 and 4. 
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Table 10.22 ITU Operating Modes (Channel 4) 

Register Setting 

TSNC TMDR TFCR TOCR TIOR4 TCR4 

Reset Output 
Operating Camp Sync Buf- Level Clear Clock 
Mode Sync MDF FDIRPWM PWM PWM fer Select lOA 108 Select Select 

Synch- SYNC4- " ,,*2 " " " " " " ronized =1 
'preset 

PWM " PWM4 CMD1 CMD1 " ,,*1 " " = 1 =0 =0 

Output " PWM4 CMD1 CMD1 " 10A2= " " " compare A =0 =0 =0 0, others 
function free 

Output " " CMD1 CMD1" " 1082= " compare 8 =0 =0 0, 
function others 

free 

Input " PWM4 CMD1 CMD1 " 10A2= " " capture A =0 =0 =0 1, others 
function free 

Input " PWM4 CMD1 CMD1 " " 1082= " capture 8 =0 =0 =0 1, 
function others 

free 

Counter Clear Function 

Clear at " " CMD1,,*3 " " CCLR1" 
compare = 1, =0 
match/ CMDO CCLRO 
input =0 = 1 
capture A inhibit 

ed 

Clear at " " CMD1,,*3 " " CCLR1" 
compare = 1, = 1 
match/ CMDO CCLRO 
input =0 =0 
capture 8 inhibit 

ed 
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Table 10.22 ITU Operating Modes (Channel 4) (cont) 

Counter Clear Function 

Register Setting 

TSNC TMDR TFCR TOCR 

Reset Output 
Operating Camp Sync Buf- Level 
Mode Sync MDF FDiR PWM PWM PWM fer Select lOA 

Synch- SYNC4- -.J CMD1 -.J*3 -.J --I 
ronized = 1 = 1, 
clear CMD1 

=0 
inhibit 
ed 

Comple- -.J*2 CMD1 CMD1--1 
mentary 
PWM 

Reset 
synchron-
ized PWM 

Buffer 
(BRA) 

Buffer 
(BRB) 

-.J 

-.J -.J 

=1 =1 
CMDOCMDO 
=0 =0 

CMD1 CMD1-.J -.J 
= 1 = 1 
CMDOCMDO 
= 1 = 1 

-.J --I BFA4 -
= 1, 
others 
free 

BFB4 -
= 1, 
others 
free 

--J: Settable, -: Setting does not affect current mode 

--I 

TIOR4 

lOB 

TCR4 

Clear Clock 
Select Select 

CCLR1--1 
= 1 
CCLRO 
= 1 

CCLR1 --1*4 
=0 
CCLRO 
=0 

Notes: 1. In PWM mode, the input capture function cannot be used. When compare match A and 
compare match B occur simultaneously, the compare match signal is inhibited. 

2. When set for complementary PWM mode, do not simultaneously set channel 3 and 
channel 4 to function synchronously. 

3. Counter clearing works with the reset-synchronized PWM mode, but TCNT 4 runs 
independently. The output waveform is not affected. 

4. Clock selection when the complementary PWM mode is set should be the same for 
channels 3 and 4. 

5. In the reset-synchronized PWM mode, TCNT4 runs independently. The output 
waveform is not affected. 
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Section 11 Programmable Timing Pattern Controller 

11.1 Overview 

The SH microcomputer has a built-in programmable timing pattern controller (TPC). The TPC can 
provide pulse outputs by using the 16-bit integrated-timer pulse unit (ITU) as a time base. The 
TPC pulse outputs are divided into 4-bit groups 3-0. These can operate simultaneously, or 
independently. 

11.1.1 Features 

Features of the programmable timing pattern controller are listed below: 

• 16-bit output data: Maximum 16-bit data can be output. TPC output can be enabled on a bit-by­
bit basis. 

• Four output groups: Output trigger signals can be selected in 4-bit groups to provide up to four 
different 4-bit outputs. 

• Selectable output trigger signals: Output trigger signals can be selected by group from the 
4-channel compare-match signals of the 16-bit integrated-timer pulse unit (lTU). 

• Non-overlap mode: A non-overlap interval can be set to come between multiple pulse outputs. 

• Can connect to DMA controller: The compare-match signals selected as output trigger signals 
can activate the DMA controller for sequential output of data without CPU intervention. 
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11.1.2 Block Diagram 

Figure 11.1 is the block diagram of the TPC. 

----------------------------------------------------, 
ITU compare match signal : 

~ ~ ~ ~ i 

TP15 
TP14 
TP13 
TP12 
TP11 
TP10 

TP9 
TP8 
TP7 
TP6 
TP5 
TP4 
TP3 
TP2 
TP1 

I TPO 

.-.-
:= .-.-
:= 
:= 
:= .-..-.-..-

Control logic 

Pulse output 
pin group 3 

....................... 

Pulse output 
pin group 2 

....................... PBOR 
Pulse output 
pin group 1 

....................... 

Pulse output 
pin group 0 

PBCR1 PBCR2 
I 
I 
I 

NOERA NOERB P 
TPMR TPCR I 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

...... I 
I 
I p 
I 

....... NORB········ I 
I 

v p 
I 
I 
I 

v b I 
....... NORA······· I 

I 

h 
~ 

I 

~-------------------------------------------TPC-----J 

TPMR: TPC output mode register 

TPCR: TPC output control register 

NDERB: Next data enable register B 

NDERA: Next data enable register A 

PBCR1: Port B control register 1 

PBCR2: Port B control register 2 

NORB: Next data register B 

NORA: Next data register A 

PBOR: Port B data register 

Figure 11.1 TPC Block Diagram 
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11.1.3 Input/Output Pins 

Table 11.1 summarizes the TPC input/output pins. 

Table 11.1 TPC Pins 

Name Symbol Input/Output Function 

TPC output 0 TPO Output Group 0 pulse output 

TPC output 1 TP1 Output 

TPC output 2 TP2 Output 

TPC output 3 TP3 Output 

TPC output 4 TP4 Output Group 1 pulse output 

TPC output 5 TP5 Output 

TPC output 6 TP6 Output 

TPC output 7 TP7 Output 

TPC output 8 TP8 Output Group 2 pulse output 

TPC output 9 TP9 Output 

TPC output 10 TP10 Output 

TPC output 11 TP11 Output 

TPC output 12 TP12 Output Group 3 pulse output 

TPC output 13 TP13 Output 

TPC output 14 TP14 Output 

TPC output 15 TP15 Output 
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11.1.4 Registers 

Table 11.2 summarizes the TPC registers. 

Table 11.2 TPC Registers 

Initial Access 
Name Abbreviation RIW Value Address*1 Size' 

Port B control register 1 PBCR1 R/W H'OOOO H'5FFFFCC 8, 16 

Port B control register 2 PBCR2 R/W H'OOOO H'5FFFFCE 8, 16 

Port B data register PBDR R/(W)*2 H'OOOO H'5FFFFC2 8, 16 

TPC output mode register TPMR R/W H'FO H'5FFFFFO 8, 16 

TPC output control register TPCR R/W H'FF H'5FFFFF1 8, 16 

Next data enable register B NDERB R/W H'OO H'5FFFFF2 8, 16 

Next data enable register A NOERA R/W H'OO H'5FFFFF3 8, 16 

Next data register A NORA RIW H'OO H'5FFFFF5/ 8, 16 
H'5FFFFF7*3 

Next data register B NDRB RIW H'OO H'5FFFFF4/ 8, 16 
H'5FFFFF6*3 

Notes: 1. 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. 

2. Bits used for TPC output cannot be written to. 

3. These addresses change depending on TPCR settings. When TPC output groups 0 and 
1 have the same output trigger, the NORA address is H'5FFFFF5; when their output 
triggers are different, the NORA address for group 0 is H'5FFFFF7 and the address for 
group 1 is H'5FFFFF5. Likewise, when TPC output groups 2 and 3 have the same 
output trigger, the NDRB address is H'5FFFFF4; when their output triggers are different, 
the NORB address for group 0 is H'5FFFFF6 and the address for group 1 is 
H'5FFFFF4. 
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11.2 Register Descriptions 

11.2.1 Port B Control Registers 1 and 2 (PBCRl, PCBR2) 

The port B control register land 2 (PBCRl and PBCR2) are l6-bit read/write registers that set the 
functions of port B pins. Port B consists of the dual use pins TP15-TPO. Bits corresponding to the 
pins to be used for TPC output must be set to 1. For details, see the port B description in the 
section 15, Pin Function Controller. 

PCBRl: 

Bit: 15 14 13 12 11 10 9 8 
~----~----~----~----~----~----~----~----~ 

Bit name: 

Initial value: o 
RIW 

o 
RIW 

o 
RIW RIW: RIW 

Bit: 7 6 5 4 3 2 o 
~----~----~----~----~----~----~----~----~ 

Bit name: 

Initial value: o 
RIW 

o 
RIW 

o 
RIW 

o 
RIW 

o 
RIW RIW: RIW 

PCBR2: 

Bit: 15 14 13 12 11 10 9 8 

Bit name: \PB7MD1\PB7MDO\PB6MD1IPB6MDO\PB5MD1\PB5MDO\PB4MD1IPB4MDol 

Initial value: 0 o 
RIW 

o 
RIW 

o 
RIW 

o 
RIW 

o 
RIW 

o 
RIW 

o 
RIW RIW: RIW 

Bit: 7 6 5 4 3 2 1 0 

Bit name: \PB3MD1IPB3MDO\PB2MD1IPB2MDolpB1MD1IpB1MDolpBOMD1IPBOMDol 

Initial value: 0 0 0 0 0 0 0 0 

RIW: RIW RIW RIW RIW RIW RIW RIW RIW 
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11.2.2 Port B Data Register (PBDR) 

The port B data register is a 16-bit read/write register that, when used for TPC output stores, 
output data for groups 0-3. For details, see the port B description in section 16, I/O Ports. 

Bit: 15 14 13 12 11 10 9 8 

Bit name: IPB15DRI PB14DRlpB13DRI PB12DRI PB11DRlpB10DRI PB9DR I PB8DR I 

Initial value: 0 0 0 0 0 0 0 0 

R/W: R/(W)* R/(W)* R/(W)* R/(W) * R/(W)* R/(W)* R/(W)* R/(W)* 

Note: Bits set to TPC output by NDERA or NDERB are read-only. 

Bit: 7 6 5 4 3 2 1 0 

Bit name: I PB7DR I PB6DR I PB5DR I PB4DR I PB3DR I PB2DR I PB 1 DR I PBODR I 
Initial value: 0 0 0 0 0 0 0 0 

R/W: R/(W)* R/(W)* R/(W)* R/(W)* R/(W)* R/(W)* R/(W)* R/(W)* 

Note: Bits set to TPC output by NDERA or NDERB are read-only. 

11.2.3 Next Data Register A (NDRA) 

NORA is an eight-bit read/write register that stores the next output data for TPC output groups 1 
and 0 (TP7-TPO). When used for TPC output, the contents of the NORA are transferred to the 
corresponding PBOR bits when the lTV compare match specified in the TPC output control 
register TPCR occurs. 

The address of the NORA differs depending on whether TPCR settings select the same trigger or 
different triggers for TPC output groups 1 and O. When reset, NORA is initialized to H'OO. It is not 
initialized by standby mode. 

Same Trigger for TPC Output Groups 1 and 0: If TPC output groups 1 and 0 are triggered by 
the same compare match, the address of the NORA is H'FFFFF5. The 4 upper bits becomes group 
1 and the 4 lower bits become group O. Address H'5FFFFF7 in such cases consists entirely of 
reserved bits. These bits cannot be modified and always read as 1. 

Address H'5FFFFF5: 

• Bits 7-4 (next data 7-4 (NOR7-NOR4»: NDR7-NOR4 store the next output data for TPC 
output group 1. 

• Bits 3-0 (next data 3-0 (NOR3-NDRO»: NDR3-NORO store the next output data for TPC 
output group O. 
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Bit: 7 6 5 4 3 2 0 

Bit name: I NOR7 NOR6 NOR5 NOR4 NOR3 NOR2 NOR1 NORO 

Initial value: 0 0 0 0 0 0 0 0 

R1W: RIW RIW RIW RIW RIW RIW RIW RIW 

Address H'5FFFFF7: 

• Bits 7-0 (reserved): These bits always read as 1. The write value should always be 1. 

Bit: 7 6 5 4 3 2 o 
Bitname:~1 ----~----~~----~----~----~----~------~--~ 

Initial value: 

R1W: 

Different Triggers for TPC Output Groups 1 and 0: If TPC output groups 1 and 0 are triggered 
by different compare matches, the address of the upper 4 bits of NDRA (group 1) is H'5FFFFF5 
and the address of the lower 4 bits of NDRA (group 0) isH'5FFFFF7. Bits 3-0 of address 
H'5FFFFF5 and bits 7-4 of address H'5FFFFF7 are reserved bits. The write value should always 
be 1. These bits always read as 1. 

Address H'5FFFFF5: 

• Bits 7-4 (next data 7-4 (NDR7-NDR4»: NDR7-NDR4 store" the next output data for TPC 
output group 1. 

• Bits 3-0 (reserved): These bits always read as 1. The write value should always be 1. 

Bit: 7 6 5 4 3 2 0 

Bit name: I NOR7 NDR6 NOR5 NOR4 

Initial value: 0 0 0 0 

R1W: RIW RIW RIW RIW 

Address H'5FFFFF7: 

• Bits 7-4 (reserved): These bits always read as 1. The write value should always be 1. 

• Bits 3-0 (next data 3-0 (NDR3-NDRO»: NDR3-NDRO store the next output data for TPC 
output group O. 
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Bit: 7 6 5 4 3 2 0 

Bit name: I NOR3 NOR2 NOR1 NORO 

Initial value: 0 0 0 0 

R1W: RIW RIW RIW RIW 

11.2.4 Next Data Register B (NDRB) 

NDRB is an eight-bit read/write register that stores the next output data for TPC output groups 3 
and 2 (TPIS-TP8). When used for TPC output, the contents of the NDRB are transferred to the 

corresponding PBDR bits when the lTV compare match specified in the TPC output control 
register TPCR occurs. 

The address of the NDRB differs depending on whether TPCR settings select the same trigger or 
different triggers for TPC output groups 3 and 2. When reset, NDRB is initialized to H'OO. It is not 
initialized by standby mode. 

Same Trigger for TPC Output Groups 3 and 2: If TPC output groups 3 and 2 are triggered by 
the same compare match, the address of the NDRB is H'FFFFF4. The 4 upper bits becomes group 
3 and the 4 lower bits become group 2. Address H'SFFFFF6 becomes completely reserved bits. 

These bits always read as I, and the write value should always be I. 

Address H'SFFFFF4: 

• Bits 7-4 (next data 15-12 (NDRI5-NDRI2»: NDRI5-NDRI2 store next output data for TPC 
output group 3. 

• Bits 3-0 (next data 11-8 (NDRII-NDR8»: NDRII-NDR8 store next output data for TPC 
output group 2. 

Bit: 7 6 5 4 3 2 0 

Bit name: I NOR15 I NOR14 I NOR13 I NOR12 I NOR11 I NOR10 I NOR9 NORa 

Initial value: 0 0 0 0 0 0 0 0 

R1W: RIW RIW RIW RIW RIW RIW RIW RIW 

Address H'5FFFFF6: 

• Bits 7-0 (reserved): These bits always read as 1. The write value should always be 1. 
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Bit: 7 6 5 4 3 2 o 
Bitname:lr-----.-----,.-----.-----~-----.----~------~--~ 

Initial value: 

R1W: 

Different Triggers for TPC Output Groups 3 and 2: If TPC output groups 3 and 2 are triggered 
by different compare matches, the address of the upper 4 bits of NDRB (group 3) is H'5FFFFF4 

and the address of the lower 4 bits of NDRB (group 2) is H'5FFFFF6. Bits 3-0 of address 
H'5FFFFF4 and bits 7-4 of address H'5FFFFF6 are reserved bits. These bits always read as 1. The 
write value should always be 1. 

Address H'5FFFFF4: 

• Bits 7-4 (next data 15-12 (NDRIS-NDRI2»: NDRIS-NDRI2 store next output data for TPC 
output group 3. 

• Bits 3-0 (reserved): These bits always read as 1. The write value should always be 1. 

Bit: 7 6 5 4 3 2 o 
Bit name: I NDR15 I NDR14 I NDR13 I NDR12 I 

Initial value: 0 0 0 0 

R1W: RIW RIW RIW RIW 

Address H'SFFFFF6: 

• Bits 7-4 (reserved): These bits always read as 1. The write value should always be 1. 

• Bits 3-0 (next data 11-8 (NDRll-NDR8»: NDRll-NDR8 store next output data for TPC 
output group 2. 

Bit: 7 6 5 4 3 2 0 

Bit name: I I NDR11 I NDR10 I NDR9 NDRa 

Initial value: 0 0 0 0 

R1W: RIW RIW RIW RIW 

I 
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11.2.5 Next Data Enable Register A (NDERA) 

NDERA is an eight-bit read/write register that enables TPC output groups 1 and 0 (TP7-TPO) on a 
bit-by-bit basis. 

When the bits enabled for TPC output by NDERA generate the lTV compare match selected in the 
TPC output control register, the value of the next data register A (NDRA) is automatically 
transferred to the correspondingPBDR bits and the output value is updated. For disabled bits, 
there is no transfer and the output value does not change. When reset, NDERA is initialized to 
H'OO. It is not initialized by standby mode. 

Bit: 7 S S 4 3 2 1 0 

Bit name: I NDER71 NDERSI NDERSI NDER41 NDER3 I NDER21 NDER1 I NDERO I 

Initial value: 0 0 0 0 0 0 0 0 

R1W: RIW RIW RIW RIW RIW RIW RIW RIW 

• Bits 7-0 (next data enable 7-0 (NDER7-NDERO»: NDER7-NDERO select enable/disable for 
TPC output groups 1 and 0 (TP7-TPO) in bit units. 

Bit 7-0: NDER7-NDERO Description 

o Disables TPC outputs TP7-TPO (transfer from NDR7-NDRO to PB7-
PBO is disabled) (initial value) 

Enables TPC outputs TP7-TPO (transfer from NDR7-NDRO to PB7-
PBO is enabled) 

11.2.6 Next Data Enable Register B (NDERB) 

NDERB is an eight-bit read/write register that enables TPC output groups 3 and 2 (TP15-TP8) on 
a bit-by-bit basis. 

When the bits enabled for TPC output by NDERB generate the lTV compare match selected in the 
TPC output control register, the value of the next data register B (NDRB) is automatically 
transferred to the corresponding PBDR bits and the output value is updated. For disabled bits, 
there is no transfer and the output v~ue does not change. When reset, NDERB is initialized to 
H'OO. It is not initialized by standby mode. 

Bit: 7 S S 4 3 2 1 0 

Bit name: INDER1S1 NDER141NDER131 NDER121 NDER111NDER101 NDER91 NDERSI 

Initial value: 0 0 0 0 0 0 0 0 

R1W: RIW RIW RIW RIW RIW RIW RIW RIW 
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• Bits 7-0 (next data enable 15-8 (NDERI5-NDER8}): NDER15-NDER8 select enable/disable 
for TPC output groups 3 and 2 (TP15-TP8) in bit units. 

Bit 7-0: 
NDER15-NDER8 

o 
Description 

Disables TPC outputs TP15-TP8 (transfer from NDA15-NDR8 to 
PB15-PB8 is disabled) (initial value) 

Enables TPC outputs TP15-TP8 (transfer from NDR15-NDR8 to 
PB 15-PB8 is enabled) 

11.2.7 TPC Output Control Register (TPCR) 

TPCR is an eight-bit read/write register that selects output trigger signals for TPC outPl!ts. When 
reset, TPCR is initialized to H'FF. It is not initialized by standby mode. 

Bit: 7 6 5 4 3 2 1 0 

Bit name: IG3CMS 11 G3CMSOIG2CMS 11 G2CMSOI G 1 CMS 1\G 1 CMsol GOCMS 1\GOCMSO\ 

Initial value: 

AIW: AIW AIW 

1 

AIW 

1 

AIW 

1 

RIW AIW 

1 

AIW 

1 

AIW 

• Bits 7 and 6 (group 3 compare-match select 1 and 0 (G3CMS 1 and G3CMSO»: G3CMS 1 and 
G3CMSO select the compare match that triggers TPC output group 3 (TP15-TP12). 

Bit 7: G3CMS1 Bit 6: G3CMSO 

o o 

o 

Description 

TPC output group 3 (TP 15-TP 12) output is triggered by 
compare-match in ITU channel 0 

TPC output group 3 (TP15-TP12) output is triggered by 
compare-match in ITU channel 1 

TPC output group 3 (TP15-TP12) output is triggered by 
compare-match in ITU channel 2 

TPC output group 3 (TP15-TP12) output is triggered by 
compare-match in ITU channel 3 (initial value) 
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• Bits 5 and 4 (group 2 compare-match select 1 and 0 (G2CMS 1 and G2CMSO»: G2CMS 1 and 
G2CMSO select the lTV channel that triggers TPC output group 2 (TPII-TP8). 

Bit 5: G2CMS1 Bit 4: G2CMSO 

o 0 

o 

Description 

TPC output group 2 (TP11-TP18) output is triggered by 
compare-match in ITU channel 0 

TPC output group 2 (TP11-TP18) output is triggered by 
compare-match in ITU channel 1 

TPC output group 2 (TP11-TP18) output is triggered by 
compare-match in ITU channel 2 

TPC output group 2 (TP11-TP18) output is triggered by 
compare-match in ITU channel 3 (initial value) 

• Bits 3 and 2 (group 1 compare-match select 1 and 0 (GICMSI and GICMSO»: GICMSI and 
G ICMSO select the lTV channel that triggers TPC output group 1 (TP7-TP4). 

Bit 3: G1CMS1 Bit 2: G1CMSO 

o 0 

o 

Description 

TPC output group 1 (TP7-TP4) output is triggered by 
compare-match in ITU channel 0 

TPC output group 1 (TP7-TP4) output is triggered by 
compare-match in ITU chanrlel 1 

TPC output group 1 (TP7-TP4) output is triggered by 
compare-match in ITU channel 2 

TPC output group 1 (TP7-TP4) output is triggered by 
compare-match in ITU channel 3 (initial value) 

• Bits 1 and 0 (group 0 compare-match select 1 and 0 (GOCMS 1 and GOCMSO»: GOCMS 1 and 
GOCMSO select the lTV channel that triggers TPC output group 0 (TP3-TPO). 

Bit 1: GOCMS1 Bit 0: GOCMSO 

o 0 

o 
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Description 

TPC output group 0 (TP3-TPO) output is triggered by 
compare-match in ITU channel 0 

TPC output group 0 (TP3-TPO) output is triggered by 
compare-match in ITU channel 1 

TPC output group 0 (TP3-TPO) output is triggered by 
compare-match in ITU channel 2 

TPC output group 0 (TP3-TPO) output is triggered by 
compare-match in ITU channel 3 (initial value) 



11.2.8 TPC Output Mode Register (TPMR) 

TPMR is an eight-bit read/write register that selects between the TPC' s ordinary output and non­
overlap output modes in group units. During non-overlap operation, the output waveform cycle is 
set in lTV general register B (GRB) for use as the output trigg~r and a non-overlap period is set in 
general register A (GRA). The output value then changes on compare matches A and B. For 
details, see section 11.3.4, TPC Output Non-Overlap Operation. TPMR is initialized to H'FO on a 
reset. It is not initialized in standby mode. 

Bit: 7 6 5 4 3 2 1 0 

Bit name: I IG3NOVIG2NOVIG1NOVIGONOVI 
Initial value: 0 0 0 0 

RIW: RIW RIW RIW RIW 

• Bits 7-4 (reserved): These bits always read as 1. The write value should always be 1. 

• Bit 3 (group 3 non-overlap mode (G3NOV): G3NOV selects the ordinary or non-overlap mode 
forTPC output group 3 (TPI5-TPI2). 

Bit 3: G3NOV 

o 
Description 

TPC output group 3 operates normally (output value updated according 
to compare-match A of the ITU channel selected by TPCR) (initial 
value) 

TPC output group 3 operates in non-overlap mode (1 output and 0 
output can be performed independently according to compare-match A 
and B of the ITU channel selected by TPCR) 

• Bit 2 (group 2 non-overlap mode (G2NOV»: G2NOV selects the ordinary or non-overlap mode 
for TPC output group 2 (TPII-TP8). 

Bit 2: G2NOV 

o 
Description 

TPC output group 2 operates normally (output value updated according 
to compare-match A of the ITU channel selected by TPCR) (initial 
value) 

TPC output group 2 operates in non-overlap mode (1 output and 0 
output can be performed independently according to compare-match A 
and B of the ITU channel selected by TPCR) 
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• Bit I (group I non-overlap mode (GINOV»: GINOV selects the ordinary or non-overlap mode 
for TPC output group I (TP7-TP4). 

Bit 1: G1NOV 

o 
Description 

TPC output group 1 operates normally (output value updated according 
to compare-match A of the ITU channel selected by TPCR) (initial 
value) 

TPC output group 1 operates in non-overlap mode (1 output and 0 
output can be performed independently according to compare-match A 
and B of the ITU channel selected by TPCR) 

• Bit 0 (group 0 non-overlap mode (GONOV»: GONOV selects the ordinary or non-overlap mode 
for TPC output group 0 (TP3-TPO). 

Bit 0: GONOV 

o 

11.3 Operation 

11.3.1 Overview 

Description 

TPC output group 0 operates normally (output value updated according 
to compare-match A of the ITU channel selected by TPCR) (initial 
value) 

TPC output group 0 operates in non-overlap mode (1 output and 0 
output can be performed independently according to compare-match A 
and B of the ITU channel selected by TPCR) 

When corresponding bits in the PBCRI, PBCR2, NDERA and NDERB registers are set to I, TPC 
output is enabled and the PBDR data register values are output. After that, when the compare­
match event selected by TPCR occurs, the next data register contents (NDRA and NDRB) are 
transferred to the PBDR and output values are updated. Figure 11.2 illustrates the TPC output 
operation. 
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TPC 

output pin 

CR 
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j 
Port function 

select 

NOER 
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Q DR 

Output trigger 
signal 

o Q NOR 

Figure 11.2 TPC Output Operation 

Internal 
o ~ data bus 

If new data is written in next data registers A and B before the next compare-match occurs, a 
maximum 16 bits of data can be output at each successive compare-match. See section 11.3.4, 
TPC Output Non-Overlap Operation, for details on non-overlap operation. 

11.3.2 Output Timing 

IfTPC output is enabled, next data register (NDRAINDRB) contents are transferred to the data 
register (PBDR) and output when the selected compare-match occurs. Figure 11.3 shows the 
timing of these operations. The example is of ordinary output upon compare match A with groups 

2 and 3. 
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Figure 11.3 Transfer and Output Timing for NDR Data 

11.3.3 Examples of Use of Ordinary TPC Output 

Settings for Ordinary TPC Output (figure 11.4): 

l. Select GRA as the output compare register (output disable) with the timer 110 control register 
(TIOR). 

2. Set the TPC output trigger cycle. 

3. Select the counter clock with the TPSC2-TPSCO bits of the timer control register (TCR). 

Select the counter clear sources with the CCLR I and CCLRO bits. 

4. Set the timer interrupt enable register (TIER) to enable IMIA interrupts. Transfers to the NDR 
can also be set using the DMAC. 

5. Set the initial output value in the I/O port data register to be used by TPC. 

6. Set the 110 port control register to be used by TPC as the TP pin function (11). 

7. Set to 1 the bit that performs TPC output to the next dat~ enable register (NDER). 

8. Select the lTV compare match that will be the TPC output trigger using the TPC output 
control register (TPCR). 

9. Set the next TPC output value in the NDR. 

10. Set 1 in the STR bit of the timer start register (TSTR) and start the timer counter counting. 

11. Set the next output value in the. NDR whenever an IMIA interrupt is generated. 
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Original TPC 
output operation 

Select GR functiop CD 
Set GRA ® 

ITU setting 

Set count operation ® 
Select interrupt request 0 
Set initial output value ® 
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Port and 

TPC Set TPC output enable (j) 
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Select TPC output trigger ® 
Set next TPC output value ® 

ITU setting Start count @ 

No 

Set next TPC output value @ 

Figure 11.4 Example of Setting Procedure for TPC Ordinary Output 
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Five-Phase Pulse Output (figure 11.5): 

I.. Set the GRA of the lTV that serves as output trigger as the output compare register. Set the 
cycle time in the GRA of the lTV and select to clear the counter upon compare match A. Set 
the 1M lEA bit of TIER to 1 to enable the compare match A interrupt. 

2. Write H'FFCO in the PBCR I, write H'F8 in the NDERB, and set G3CMSO, G3CMS 1, 
G2CMSI and G2CMSO in the TPCR to set the lTV compare match selected in step 1 as the 
output trigger. Write output data H'80 in the NDRB. 

3. When the selected lTV channel starts operating and a compare-match occurs, the values in the 
NDRB are transferred to the PBDR and output. The compare-match/input capture A (lMIA) 
interrupt service routine writes the next output data (H'CO) in the NDRB. 

4. Five-phase pulse output can be obtained by writing H'40, H'60, H'20, H'30, H'lO, H'18, H'08, 
H'88 ... at successive compare-match interrupts. If the DMA controller is set for activation by 
compare-match, pulse output can be obtained without loading the CPV. 

TCNT 

~~ -

H'aaaa Time 
1 II! 1 1 1 1 1 I 1 1 1 

NDRB 

PBDR 
1 

TP15 -J 
TP14 

1 
1 

TP13 'I 
1 
1 
1 

TP12 
1 
1 
1 
1 

TP11 
1 
1 
1 
1 

Figure 11.5 TPC Output Example (5-Phase Pulse Output) 
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11.3.4 TPC Output Non-Overlap Operation 

Setting Procedures for TPC Output Non-Overlap Operation (figure 11.6): 

1. Select ORA and ORB as output compare registers (output disable) with the timer 110 control 
register (TIOR). 

2. Set the TPC output trigger cycle to ORB and the non-overlap cycle to ORA. 

3. Select the counter clock with the TPSC2-TPSCO bits of the timer control register (TCR). 

Select the counter clear sources with the CCLRI and CCLRO bits. 

4. Set the timer interrupt enable register (TIER) to enable IMIA interrupts. Transfers to the NDR 

can also be set using the DMAC. 

5. Set the initial output value in the 110 port data register to be used by TPC. 

6. Set the I/O port control register to be used by TPC as the TP pin function (11). 

7. Set to 1 the bit that performs TPC output to the next data enable register (NDER). 

8. Select the lTV compare match that will be the TPC output trigger using the TPC output 

control register (TPCR). 

9. Select the group that performs the non-overlap operation in the TPC output mode register 
(TPMR). 

10. Set the next TPC output value in the NDR. 

11. Set 1 in the STR bit of the timer start register (TSTR) and start the timer counter counting. 

12. Set the next output value in the NDR whenever an IMIA interrupt is generated. 

HITACHI 313 



Select GR function CD 
Set GRA ® 

ITU setting 
Set count operation ® 

Select interrupt request 0 
Set initial output value ® 

Set TPC output ® 
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, TPC Select TPC output trigger ® 
setting 

Select non-overlap group ® 
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Start count (1J) 

ITU setting 
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Set next TPC output value @ 

Figure 11.6 Example of Setting Procedures for TPC Output Non-Overlap Operation 
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TPC Output Non-Overlap Operation (Four-Phase Complementary Non-Overlap Output) 
(figure 11.7): 

1. Set GRA and GRB of the lTV that serves as output trigger in the output compare registers. Set 
the cycle in the GRB and the non-overlap cycle time in the, GRA and select to clear the 
counter upon compare match B. Set the IMIEA bit of TIER to 1 to enable the IMIA interrupt. 

2. Write H'FFFF in the PBCR 1, write H'FF in the NDERB, and set G3CMS I, G3CMSO, 
G2CMS 1 and G2CMSO in the TPCR to set the lTV compare match selected in step 1 as the 

output trigger. Set the G3NOV and G2NOV bits in the TPMR to 1 to set the non-overlap 
operation. Write output data H'95 in the NDRB. 

3. When the selected lTV channel starts operating and a GRB compare-match occurs, 1 output 
changes to 0 output; when a GRA compare match occurs, 0 output changes to 1 output. (The 
change from 0 output to 1 output is delayed by the value set in GRA.) The IMIA interrupt 
service routine writes the next output data (H'65) in the NDRB. 

4. Four-phase complementary non-overlap output can be obtained by writing H'59, H'56, R'95 ... 
at successive IMIA interrupts. If the DMA controller is set for activation by compare-match, 
pulse output can be obtained without loading the CPV. 
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Figure 11.7 Non-Overlap Output Example (Four-Phase Complementary Output) 
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11.3.5 TPC Output by Input Capture 

TPC can also be output by using input capture rather than lTV compare matches. The general 
register A (ORA) of the lTV selected by the TPCR functions as an input capture register and TPC 
output occurs upon an input capture signal. Figure 11.8 shows the timing. 

CK 

TIOC pin ________ ~ 

Input ~ 
capture ___________ -;I--~ ___________ _ 

signal 

NOR N 

OR-------------------M--~~~N 

Figure 11.8 TPC Output by Input Capture 
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11.4 Usage Notes 

11.4.1 Non-Overlap Operation 

During non-overlap operation, transfers from the NDR to data registers (DR) occurs as follows. 

1. NDR contents are always transferred to the DR on compare match A. 

2. The contents of the bit transferred by the NDR are only transferred on compare match B when 
they are O. No transfer occurs for a 1. 

Figure 11.9 illustrates the TPC output operation during non-overlap. 

D 
TPC output pin 
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Figure 11.9 TPC Output Non-Overlap Operation 



When a compare match B occurs before the compare match A, the 0 data transfer can be 
performed before the 1 data transfer, so a non-overlapping waveform can be output. In such cases, 
be sure not to change the NDR contents until the compare match A after the compare match B 
occurs (non-overlap period). This can be ensured by writing the next data to the NDR using the 
IMIA interrupt service routine. The DMAC can also be started up using an IMIA interrupt. 
However, these write operations should be performed prior to the next compare match B. The 
timing is shown in figure 11.10. 
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match A 
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II1II 

NOR write period 

NOR write NOR write 
disable period disable period 

Figure 11.10 Non-Overlap Operation and NDR Write Timing 
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Section 12 Watchdog Timer 

12.1 Overview 

The SH microcomputer has a one-channel watchdog timer (WOT) for monitoring system 
operations. If a system becomes uncontrolled and the timer counter overflows without being 
rewritten correctly by the CPU, an overflow signal (WOTOVF) is output externally. The WOT 
can simultaneously generate an internal reset signal for the entire chip. 

When this watchdog function is not needed, the WDT can be used as an interval timer. In the 
interval timer operation, an interval timer interrupt is generated at each counter overflow. The 
wnT is also used in recovering from the standby mode. 

12.1.1 Features 

• Watchdog timer mode and interval timer mode can be selected. 

• Outputs WDTOVF in the watchdog timer mode. When the counter overflows in the watchdog 
timer mode, overflow signal WDTOVF is output externally. You can select whether or not to 
reset the chip internally when this happens. Either the power-on reset or manual reset signal can 
be selected as the internal reset signal. 

• Generates interrupts in the interval timer mode. When the counter overflows, it generates an 
interval timer interrupt. 

• Used to clear the standby mode. 

• Selection of ei ght counter clock sources 
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12.1.2 Block Diagram 

Figure 12.1 is the block diagram of the WDT. 

----------------------------------------------, 
ITI 

(interrupt 
signal) 

.WDTOVF 

Internal 
reset signal* 

Interrupt 
control 

Overflow 

Clock Clock 
select 

<1>/2 
<1>/64 
<1>/128 
<1>/256 
<1>/512 
<1>/1024 
<1>/4096 
<1>/8192 

Internal 
clock sources 

Bus 
interface 

----------------------- WDT ------------------

TCSR: Timer control/status register 

TCNT: Timer counter 

RSTCSR: Reset control/status register 
Note: The internal reset signal can be generated by setting the register. The type of reset can 

be selected (power-on or manual resets). 

Figure 12.1 WDT Block Diagram 

12.1.3 Pin Configuration 

Table 12.1 shows the pin configuration. 

Table 12.1 Pin Configuration 

Pin Abbreviation 

Watchdog timer overflow WDTOVF 
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va 
o 

Function 

Outputs the counter overflow signal in the 
watchdog mode 



12.1.4 Register Configuration 

Table 12.2 summarizes the three WDT registers. They are used to select the clock, switch the 
WDT mode, and control the reset signal. 

Table 12.2 WDT Registers 

Initial Address 

Name Abbreviation RIW Value Write*1 Read*2 

Timer control/status register TCSR RI(W)*3 H18 HSFFFFB8 H'SFFFFB8 

Timer counter TCNT RIW H'OO HSFFFFB9 

Reset control/status register RSTCSR RI(W)*3 H'3F H'SFFFFBA H'SFFFFBB 

Notes: 1. Write by word transfer. It cannot be written in byte or long word. 

2. Read by byte transfer. It cannot be read in word or long word. 

3. Only 0 can be written in bit 7 to clear the flag. 

12.2 Register Descriptions 

12.2.1 Timer Counter (TCNT) 

The TCNT is an eight-bit readable and writable upcounter. The TCNT differs from other registers 

in that it is more difficult to write. See section 12.2.4, Register Access, for details. When the timer 
enable bit (TME) in the timer control/status register (TCSR) is set to 1, the timer counter starts 
counting pulses of an internal clock source selected by clock select bits 2-0 (CKS2-CKSO) in the 
TCSR. When the value of the TCNT overflows (changes from H'FF-H'OO), a watchdog timer 
overflow signal (WDTOVF) or interval timer interrupt (ITI) is generated, depending on the mode 
selected in the WT/IT bit of the TCSR. The TCNT is initialized to H'OO by a reset and when the 

TME bit is cleared to O. It is not initialized in the standby mode. 

Bit: 7 6 S 4 3 2 0 

Bit name: I 
Initial value: 0 0 0 0 0 0 0 0 

RIW: R/W R/W RIW RIW R/W R/W RIW RIW 
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12.2.2 Timer ControVStatus Register (TCSR) 

The timer control/status register (TCSR) is an eight-bit readable and writable register. The TCSR 

differs from other registers in being more difficult to write. See section 12.2.4, Register Access, 
for details. Its functions include selecting the timer mode and clock source. Bits 7-5 are initialized 
to 000 by a reset or in standby mode. Bits 2-0 are initialized to 000 by a reset, but retain their 
values in the standby mode. 

Bit: 7 6 5 4 3 2 0 

Bit name: I OVF WT/IT TME I CKS2 CKS1 CKSO 

Initial value: 0 0 0 0 0 0 

R1W: R/(W)* RIW RIW RIW RIW RIW 

• Bit 7 (overflow flag (OVF»: OVF indicates that the TCNT has overflowed from H'FF-H'OO. It 
is not set in the watchdog timer mode. 

Bit 7: OVF 

o 
Description 

No overflow of TCNT in interval timer mode (initial value) 

Cleared by reading OVF, then writing 0 in OVF 

TCNT overflow in the interval timer mode 

• Bit 6 (timer mode select (WT/IT»: WT/IT selects whether to use the WDT as a watchdog timer 
or interval timer. When the TCNT overflows, the WDT either generates an interval timer 
interrupt (m) or generates a WDTOVF signal, depending on the mode selected. 

Bit 6: WTIIT 

o 
Description 

Interval timer mode: interval timer interrupt to the CPU when TCNT 
overflows (initial value) 

Watchdog timer mode: WOTOVF signal output externally when TCNT 
overflows. Section 12.2.3, Reset Control/Status Register (RSTCSR), 
describes in detail what happens when TCNT overflows in the watchdog 
timer mode. 

• Bit 5 (timer enable (TME»: TME enables or disables the timer. 

Bit 5: TME 

o 
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Description 

Timer disabled: TCNT is initialized to H'OO and count-up stops (initial 
value) 

Timer enabled: TCNT starts counting. A WOTOVF signal or interrupt is 
generated when TCNT overflows. 



• Bits 4 and 3 (reserved): These bits always read as I. The write value should always be I. 

• Bits 2-0 (clock Select 2-0 (CKS2-CKSO»: CKS2-CKSO select one of eight internal clock 
sources for input to the TCNT. The clock signals are obtained by dividing the frequency of the 
system clock (<<1». 

Description 

Bit 2: CKS2 Bit 1: CKS1 Bit 0: CKSO Clock Source Overflow Interval* (<I> = 20 MHz) 

0 0 0 <1>/2 (initial value) 25.6 Jls 

0 0 <1>/64 819.2 JlS 

0 0 <1>/128 1.6 ms 

0 <1>/256 3.3ms 

0 0 <1>/512 6.6ms 

0 <1>/1024 13.1 ms 

0 <1>/4096 52.4 ms 

1 <1>/8192 104.9 ms 

Note: The overflow interval listed is the time from when the TCNT begins counting at H'OO until an 
overflow occurs. 

12.2.3 Reset Control/Status Register (RSTCSR) 

The RSTCSR is an eight-bit readable and writable register that controls output of the reset signal 
generated by timer counter (TCNT) overflow and selects the internal reset signal type. The 
RSTCSR differs from other registers in that it is more difficult to write. See section 12.2.4 
Register Access, for details. RSTCR is initialized to H'IF by input of a reset signal from the RES 
pin, but is not initialized by the internal reset signal generated by the overflow of the WDT. It is 
initialized to H'IF in standby mode. 

Bit: 7 6 5 4 3 2 0 

Bit name: I WOVF I RSTE RSTS 

Initial value: 0 0 0 

RIW: R/(W) * RIW RIW 

Note: Only 0 can be written in bit 7 to clear the flag. 
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• Bit 7 (watchdog timer overflow (WOVF»: WOVF indicates that the TeNT has overflowed 
(H'FF ~ H'OO) in the watchdog timer mode. It is not set in the interval timer mode. 

Bit 7: WOVF 

o 
Description 

No TCNT overflow in watchdog timer mode (initial value) 

Cleared when software reads WOVF, then writes 0 in WOVF 

Set by_ TCNT overflow in watchdog timer mode 

• Bit 6 (reset enable (RSTE»: RSTE selects whether to reset the chip internally if the TeNT 
overflows in the watchdog timer mode. 

Bit 6: RSTE 

o 
Description 

Not reset when TCNT overflows (initial value). LSI not reset internally, 
but TCNT and TCSR reset within WDT. 

Reset when TCNT overflows 

• Bit 5 (reset select (RSTS»: RSTS selects the type of internal reset generated if the TeNT 

overflows in the watchdog timer mode. 

Bit 5: RSTS Description 

o Power-on reset initial value) 

Manual reset 

• Bits 4-0 (reserved): These bits always read as 1. The write value should always be 1. 
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12.2.4 Register Access 

The watchdog timer's TCNT, TCSR, and RSTCSR registers differ from other registers in that they 
are more difficult to write. The procedures for writing and reading these registers are given below. 

Writing to the TCNT and TCSR: These registers must be written by a word transfer instruction. 
They cannot be written by byte transfer instructions. The TCNT and TCSR both have the same 
write address. The write data must be contained in the lower byte of the written word. The upper 
byte must be H'5A (for the TCNT) or H'A5 (for the TCSR) (figure 12.2). This transfers the write 
data from the lower byte to the TCNT or TCSR. 

Writing to the TCNT 

15 8 7 0 

Address: H'5FFFFB8 IH'5A IWrite data 

Writing to the TCSR 

15 8 7 0 

Address: H'5FFFFB8 IH'A5 IWrite data 

Figure 12.2 Writing to the TCNT and TCSR 

Writing to the RSTCSR: The RSTCSR must be written by a word access to address 
H'5FFFFFBA. It cannot be written by byte transfer instructions. Procedures for writing 0 in 
WOVF (bit 7) and for writing to RSTE (bit 6) and RSTS (bit 5) are different, as shown in figure 
12.3. To write 0 in the WOVF bit, the write data must be H'A5 in the upper byte and H'OO in the 
lower byte. This clears the WOVF bit to O. The RSTE and RSTS bits are not affected. To write to 
the RSTE and RSTS bits, the upper byte must be H'5A and the lower byte must be the write data. 
The values of bits 6 and 5 of the lower byte are transferred to the RSTE and RSTS bits, 
respectively. The WOVF bit is not affected. 

Writing 0 to the WOVF bit 

15 8 7 o 
Address: H'5FFFFBA IH'A5 

Writing to the RSTE and RSTS bits 

15 8 7 0 

Address: H'5FFFFBA IWrite data 

Figure 12.3 Writing to t~e RSTCSR 
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Reading from the TCNT, TCSR, and RSTCSR: TCNT, TCSR, and RSTCSR are read like other 

registers. Use byte transfer instructions. The read addresses are H'5FFFFB8 for the TCSR, 
H'5FFFFB9 for the TCNT, and H'5FFFFBB for the RSTCSR. 

12.3 Operation 

12.3.1 Operation in the Watchdog Timer Mode 

To use the WDT as a watchdog timer, set the WT/IT and TME bits of the TCSR to 1. Software 
must prevent TCNT overflow by rewriting the TCNT value (normally by writing H'OO) before 
overflow occurs. If the TCNT fails to be rewritten and overflows due to a system crash or the like, 
a WDTOVF signal is output (figure 12.4). The WDTOVF signal can be used to reset external 
system devices. The WDTOVF signal is output for 128<1> clock cycles. 

If the RSTE bit in the RSTCSR is set to 1, a signal to reset the chip will be generated internally 
simultaneous to the WDTOVF signal when TCNT overflows. Either a power-on reset or a manual 
reset can be selected by the RSTS bit. The internal reset signal is output for 512<1> clock cycles. 

When a watchdog reset is generated simultaneously with input at the RES pin, the software 
distinguishes the RES reset from the watchdog reset by checking the WOVF bit in the RSTCSR. 

The RES reset takes priority. The WOVF bit is cleared to O. 
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TCNT 
value 

H'FF 

H'OO 

t 't/ 

WOTOVF 
signal 

Internal 
reset signal* 

WT/IT= 1 
TME= 1 

WT/IT: Timer mode select bit 

TME: Timer enable bit 

HOO written 
in TCNT 

Overflow 

+-. -----c.

t 
-----,--f-I>Time 

WOVF = 1 WT/IT = 1 H'OO written 
TME = 1 in TCNT 

WDTOVF and 
internal reset generated 

+ 
U 
~I 

128<1> clock 

~ --I 
512<1> clock 

Note: The internal reset signal is only generated when the RSTE bit is 1. 

Figure 12.4 Operation in the Watchdog Timer Mode 
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12.3.2 Operation in the Interval Timer Mode 

To use the WDTas an interval timer, clear WT/IT to 0 and set TME to 1. An interval timer 
interrupt (ITI) is generated each time the timer counter overflows. This function can be used to 
generate interval timer interrupts at regular intervals (figure 12.5). 

TCNTvalue 
Overflow Overflow Overflow Overflow 

H'FF 

H'OO ~tL---------~----------~--------~~--------~----·Time 

WT/IT=O 
TME=1 

ITI 

ITI: Interval timer interrupt request 

ITI ITI 

Figure 12.5 Operation in the Interval Timer Mode 

12.3.3 Operation in the Standby Mode 

ITI 

The watchdog timer has a special function to clear the standby mode with an NMI interrupt. When 
using the standby mode, set the WDT as described below. 

Transition to the Standby Mode: The TME bit in the TCSR must be cleared to 0 to stop the 
watchdog timer counter before it enters the standby mode. The chip cannot enter the standby mode 
while the TME bit is set to 1. Set bits CKS2-CKSO so that the counter overflow interval is equal 
to or longer than the oscillation settling time. See section 20.3, AC Characteristics, for the 
oscillation settling time. 

Recovery from the Standby Mode: When an NMI request signal is received in standby mode, 
the clock oscillator starts running and the watchdog timer starts counting at the rate selected by 
bits CKS2-CKSO before the standby mode was entered. When the TCNT overflows (changes 
from H'FF-H'OO), the system clock (~) is presumed to be stable and usable; clock signals are 
supplied to the entire chip and the standby mode ends. 

For details on the standby mode, see section 19, Power Down States. 
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12.3.4 Timing of Setting the Overflow Flag (OVF) 

In the interval timer mode, when the TCNT overflows the OVF flag is set to 1 and an interval 
timer interrupt is requested (figure 12.6). 

TCNT ~I H'FF X,--H_'O_O _________ _ 

Overflow signal I 
(internal signal) ___ ~\~~ 

OVF _____ ~r---~Ir------------------------------
~~ . 

Figure 12.6 Timing of Setting the OVF 

12.3.5 Timing of Setting the Watchdog Timer Overflow Flag (WOVF) 

When the TCNT overflows the WOVF bit of the RSTCSR is set to 1 and a WDTOVF signal is 
output. When the RSTE bit is set to 1, TCNT overflow enables an internal reset signal to be 
generated for the entire chip (figure 12.7). 

CK~ 

TCNT ~\ H'FF X,--H_'O_O _________________ --{ 

Overflow signal I 
(internal signal) ----------\~J----l 

WOVF ______ ~~-------~ 

Figure 12.7 Timing of Setting the WOVF Bit and Internal Reset 
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12.4 Usage Notes 

12.4.1 TCNT Write and Count Up Contention 

If a timer counter clock pulse is generated during the T3 state of a write cycle to the TCNT, the 
write takes priority and the timer counter is not incremented (figure 12.8). 

CK 

Address 

. Internal 
write signal 

TCNT 
input clock 

TCNT 

TCNT write cycle 

I" T1 ~I" T2 __ I" T3 "I 

________ ~)(~ ____ T_C_N_T_a_d_d_~_S_S ____ ~)(~ ______ __ 

X ;tM 
------------------------~ / 

N 

Counter write data 

Figure 12.8 Contention between TCNT Write and Increment 

12.4.2 Changing CKS2-CKSO Bit Values 

If the values of bits CKS2-CKSO are altered while the WDT is running, the count may increment 
incorrectly. Always stop the watchdog timer (by clearing the TME bit to 0) before changing the 
values of bits CKS2-CKSO. 

12.4.3 Changing Watchdog TimerlInterval Timer Modes 

To prevent incorrect operation, always stop the watchdog timer (by clearing the TME bit to 0) 
before switching between interval timer mode and watchdog timer mode. 
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12.4.4 System Reset With WDTOVF 

If a WDTOVF signal is input to the RES pin, the LSI cannot initialize correctly. Avoid logical 
input of the WDTOVF output signal to the RES input pin. To reset the entire system with the 
WDTOVF signal, use the circuit shown in figure 12.9. 

SH microprocessor 

Reset input -------.-0 RES 

r}---(l WDTOVF 

Figure 12.9 Example of a System Reset Circuit with a WDTOVF Signal 

12.4.5 Internal Reset With the Watchdog Timer 

If the RSTE bit is cleared to 0 in the watchdog timer mode, the LSI will not reset internally when a 
TCNT overflow occurs, but the TCNT and TCSR in WDT will reset. 
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Section 13 Serial Communication Interface 

13.1 Overview 

The SH microcomputer has a serial communication interface (SCI) with two independent 
channels. Both channels are functionally identical. The SCI supports both asynchronous and 
clocked synchronous serial communication. It also has a multiprocessor communication function 
for serial communication among two or more processors. 

13.1.1 Features 

• Asynchronous mode 

Serial data communications are synched by start-stop in character units. The SCI can 
communicate with a universal asynchronous receiver/transmitter (UART), an asynchronous 
communication interface adapter (ACIA), or any other chip that employs a standard 
asynchronous serial communication. It can also communicate with two or more other 
processors using the multiprocessor communication function. There are twelve selectable 
serial data communication formats. 

Data length: seven or eight bits 

Stop bit length: one or two bits 

Parity: even, odd, or none 

Multiprocessor bit: one or none 

Receive error detection: parity, overrun, and framing errors 

Break detection: by reading the RxD level directly when a framing error occurs 

• Clocked synchronous mode 

Serial data communication is synchronized with a clock signal. The SCI can communicate 
with other chips having a clocked synchronous communication function. There is one serial 
data communication format. 

- Data length: eight bits 

- Receive error detection: overrun errors 

• Full duplex communication: The transmitting and receiving sections are independent, so the SCI 
can transmit and receive simultaneously. Both sections use double buffering, so continuous data 
transfer is possible in both the transmit and receive directions. 

• On-chip baud rate generator with selectable bit rates 

• Internal or external transmit/receive clock source: baud rate generator (internal) or SCK pin 
(external) 

• Four types of interrupts: Transmit-data-empty, transmit-end, receive-data-full, and receive-error 
interrupts are requested independently. The transmit-data-empty and receive-data-full interrupts 
can start the direct memory access controller (DMAC) to transfer data. 
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13.1.2 Block Diagram 

Figure 13.1 shows a block diagram of the SCI. 
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TOR: Transmit data register 
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SMR: Serial mode register 

SCR: Serial control register 

SSR: Serial status register 

BRR: Bit rate register 

Figure 13.1 SCI Block Diagram 



13.1.3 Input/Output Pins 

Table 13.1 summarizes the SCI pins by channel. 

Table 13.1 SCI Pins 

Channel Pin Name Abbreviation Input/Output Function 

0 Serial clock pin SCKO Input/output SCIO clock input/output 

Receive data pin RxDO Input SCIO receive data input 

Transmit data pin TxDO Output SCIO transmit data output 

Serial clock pin SCK1 Input/output SCI1 clock input/output 

Receive data pin RxD1 Input SCI1 receive data input 

Transmit data pin TxD1 Output SCI1 transmit data output 

13.1.4 Register Configuration 

Table 13.2 summarizes the SCI internal registers. These registers select the communication mode 
(asynchronous or clocked synchronous), specify the data format and bit rate, and control the 
transmitter and receiver sections. 

Table 13.2 Registers 

Initial Access 
Channel Address*1 Name Abbreviation RIW Value size 

0 H'05FFFECO Serial mode register SMRO RIW H'OO 8, 16 

H'05FFFEC1 Bit rate register BRRO RIW H'FF 8, 16 

H'05FFFEC2 Serial control register SCRO RIW H'OO 8, 16 

H'05FFFEC3 Transmit data register TORO RIW H'FF 8, 16 

H'05FFFEC4 Serial status register SSRO A/(W)*2 H'84 8, 16 

H'05FFFEC5 Receive data register RDRO R H'OO 8, 16 

H'05FFFEC8 Serial mode register SMR1 RIW H'OO 8, 16 

H'05FFFEC9 Bit rate register BRR1 RIW H'FF 8, 16 

H'05FFFECA Serial control register SCR1 RIW H'OO 8, 16 

H'05FFFECB Transmit data register TOR1 RIW H'FF 8,16 

H'05FFFECC Serial status register SSR1 A/(W)*2 H'84 8,16 

H'05FFFECD Receive data register ROR1 R H'OO 8, 16 

Notes: 1. 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. 

2. Write 0 to clear flags. 
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13.2 Register Descriptions 

13.2.1 Receive Shift Register 

The receive shift register (RSR) receives serial data. Data input at the RxD pin are loaded into the 
RSR in the order received, LSB (bit 0) first. In this way the SCI converts received data to parallel 
form. When one byte has been received, it is automatically transferred to the receive data register 
(RDR). The SH CPU cannot read or write the RSR directly. 

Bit: 7 6 5 4 3 2 o 
Bitname:I~----~----~----~------~----~----~------~----~ 

R1W: 

13.2.2 Receive Data Register 

The receive data register (RDR) stores serial receive data. The SCI completes the reception of one 
byte of serial data by moving the received data from the receive shift register (RSR) into the RDR 

for storage. The RSR is then ready to receive the next data. This double buffering allows the SCI 
to receive data continuously. 

The SH CPU can read but not write the RDR. The RDR is initialized to H'OO by a reset or in 
standby mode. 

Bit: 7 6 5 4 3 2 0 

Bit name: I 
Initial value: 0 0 0 0 0 0 0 0 

R1W: R R R R R R R R 

13.2.3 Transmit Shift Register 

The transmit shift register (TSR) transmits serial data. The SCI loads transmit data from the 
transmit data register (TDR) into the TSR, then transmits the data serially from the TxD pin, LSB 
(bit 0) fIrSt. After transmitting one data byte, the SCI automatically loads the next transmit data 
from the TDR into the TSR and starts transmitting again. If the TDRE bit of the SSR is 1, 
however, the SCI does not load the TDR contents into the TSR. The SH CPU cannot read or write 
the TSR directly. 

Bit: 7 6 5 4 3 2 o 
Bitname:~1 ----~----~~----~----~------~----~----~----~ 

R1W: 
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13.2.4 Transmit Data Register 

The transmit data register (TDR) is an eight-bit register that stores data for serial transmission. 
When the SCI detects that the transmit shift register (TSR) is empty, it moves transmit data written 
in the TDR into the TSR and starts serial transmission. Continuous serial transmission is possible 
by writing the next transmit data in the TDR during serial transmission from the TSR. 

The SH CPU can always read and write the TDR. The TDR is initialized to H'FF by a reset or in 
standby mode. 

Bit: 7 6 5 4 3 2 0 

Bit name: I 
Initial value: 1 1 1 1 1 1 1 1 

R1W: RIW RIW RIW RIW RIW RIW RIW RIW 

13.2.5 Serial Mode Register 

The serial mode register (SMR) is an eight-bit register that specifies the SCI serial communication 
format and selects the clock source for the baud rate generator. 

The SH CPU can always read and write the SMR. The SMR is initialized to H'OO by a reset or in 
standby mode. 

Bit: 7 6 5 4 3 2 0 

Bit name: I CIA CHR PE OlE STOP MP CKS1 CKSO 

Initial value: 0 0 0 0 0 0 0 0 

R1W: RIW RIW RIW RIW RIW RIW RIW RIW 

• Bit 7 (communication mode (CiA»: ciA selects whether the SCI operates in theasynchronous 
or clocked synchronous mode. 

Bit 7: CIA Description 

o Asynchronous mode (initial value) 

Clocked synchronous mode 

• Bit 6 (character length (CHR»: CHR selects seven-bit or eight-bit data in the asynchronous 
mode. In the clocked synchronous mode, the data length is always eight bits, regardless of the 
CHR setting. 
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Bit 6: CHR 

o 
Description 

Eight-bit data (initial value) 

Seven-bit data. When seven-bit data is selected, the MSB (bit 7) of the 
transmit data register is not transmitted. 

• Bit 5 (parity enable (PE»: PE selects whether to add a parity bit to transmit data and check the 
parity of receive data, in the asynchronous mode. In the clocked synchronous mode, a parity bit 
is neither added nor checked, regardless of the PE setting. 

Bit 5: PE 

o 
Description 

Parity bit not added or checked (initial value) 

Parity bit added and checked. When PE is set to 1, an even or odd . 
parity bit is added to transmit data, depending on the parity mode (OlE) 
setting. Receive data parity is checked according to the even/odd (O/E) 
mode setting. 

• Bit 4 (parity mode (OtE): DIE selects even or odd parity when parity bits are added and 
checked. The DIE setting is used only in asynchronous mode and only when the parity enable 
bit (PE) is set to 1 to enable parity addition and check. The DIE setting is ignored in the clocked 
synchronous mode, or in the asynchronous mode when parity addition and check is disabled. 

Bit 4: OlE Description 

o Even parity (initial value). If even parity is selected, the parity bit added 
to transmit data makes an even number of 1s in the transmitted 
character and parity bit combined. Receive data must have an even 
number of 1 s in the received character and parity bit combined. 

Odd parity. If odd parity is selected, the parity bit added to transmit data 
makes an odd number of 1 s in the transmitted character and parity bit 
combined. Receive data must have an odd number of 1 s in the received 
character and parity bit combined. 

• Bit 3 (stop bit length (STOP»: STOP selects one or two bits as the stop bit length in the 
asynchronous mode. This setting is used only in the asynchronous mode. It is ignored in the 
clocked synchronous mode because no stop bits are added. 

In receiving, only the first stop bit is checked, regardless of the STOP bit setting. If the second 
stop bit is 1, it is treated as a stop bit. If the second stop bit is 0, it is treated as the start bit of the 
next incoming character. 
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Bit 3: STOP 

o 
Description 

One stop bit (initial value). In transmitting, a single bit of 1 is added at 
the end of each transmitted character. 

Two stop bits. In transmitting, two bits of 1 are added at the end of each 
transmitted character. 

• Bit 2 (multiprocessor mode (MP»: MP selects multiprocessor fonnat. When multiprocessor 
fonnat is selected, settings of the parity enable (PE) and parity mode (OlE) bits are ignored. The 
MP bit setting is used only in the asynchronous mode; it is ignored in the clocked synchronous 
mode. For the multiprocessor communication function, see section 13.3.3, Multiprocessor 

Communication. 

Bit 2: MP Description 

o Multiprocessor function disabled (initial value) 

Multiprocessor format selected 

• Bits 1 and 0 (clock select 1 and 0 (CKS 1 and CKSO»: CKS 1 and CKSO select the internal clock 
source of the on-chip baud rate generator. Four clock sources are available: <1>, <1>/4, <1>116, and 

<1>/64. For further infonnation on the clock source, bit rate register settings, and baud rate, see 

section 13.2.8, Bit Rate Register. 

Bit 1: CKS1 Bit 0: CKSO Description 

o o System clock (<I» (initial value) 

<1>/4 

o <1>/16 

<1>/64 

13.2.6 Serial Control Register 

The serial control register (SCR) enables the SCI transmitter/receiver, selects serial clock output in 

the asynchronous mode, enables and disables interrupts, and selects the transmit/receive clock 

source. The SH CPU can always read and write the SCR. The SCR is initialized to H'OO by a reset 
or in standby mode. 

Bit: 7 6 5 4 3 2 1 0 

Bitname: I TIE AlE TE AE MPIE TEIE CKE1 CKEO 

Initial value: 0 0 0 0 0 0 0 0 

R1W: RIW RIW RIW AIW RIW RIW RIW RIW 
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• Bit 7 (transmit interrupt enable (TIE»: TIE enables or disables the transmit-data-empty interrupt 
(TXI) requested when the transmit data register empty bit (TORE) in the serial status register 
(SSR) is set to 1 due to transfer of serial transmit data from the TOR to the TSR. 

Bit 7: TIE 

o 
Description 

Transmit-data-empty interrupt request (TXI) is disabled (initial value). 
The TXI interrupt request can be cleared by reading TORE after it has 
been set to 1, then clearing TORE to 0, or by clearing TIE to O. 

Transmit-data-empty interrupt request (TXI) is enabled 

• Bit 6 (receive interrupt enable (RIE»: RIE enables or disables the receive-data-full interrupt 
(RXI) requested when the receive data register full bit (RORF) in the serial status register (SSR) 
is set to 1 due to transfer of serial receive data from the RSR to the ROR. Also enables or 
disables receive-error interrupt (ERI) requests. 

Bit 6: RIE 

o 
Description 

Receive-data-full interrupt (RXI) and receive-error interrupt (ERI) 
requests are disabled (initial value). RXI and ERI interrupt requests can 
be cleared by reading the RORF flag or error flag (FER, PER, or ORER) 
after it has been set to 1, then clearing the flag to 0, or by clearing RIE 
to O. 

Receive-data-full interrupt (RXI) and receive-error interrupt (ERI) 
requests are enabled 

Bit 5 (transmit enable (TE»: TE enables or disables the SCI transmitter. 

Bit 5: TE 

o 
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Description 

Transmitter disabled (initial value). The transmit data register empty bit 
(TORE) in the serial status register (SSR) is locked at 1. 

Transmitter enabled. Serial transmission starts when the transmit data 
register empty (TORE) bit in the serial status register (SSR) is cleared to 
o after writing of transmit data into the TOR. Select the transmit format 
in the SMR before setting TE to 1. 



• Bit 4 (receive enable (RE»: RE enables or disables the SCI receiver. 

Bit 4: RE 

o 
Description 

Receiver disabled (initial value). Clearing RE to ° does not affect the 
receive flags (RDRF, FER, PER, ORER). These flags retain their 
previous values. . 

Receiver enabled. Serial reception starts when a start bit is detected in 
the asynchronous mode, or serial clock input is detected in the clocked 
synchronous mode. Select the receive format in the SMR before setting 
RE to 1. 

• Bit 3 (multiprocessor interrupt enable (MPIE»: MPIE enables or disables mUltiprocessor 
interrupts. The MPIE setting is used only in the asynchronous mode, and only if the 
multiprocessor mode bit (MP) in the serial mode register (SMR) is set to 1 during reception. 
The MPIE setting is ignored in the clocked synchronous mode or when the MP bit is cleared 
to O. 

Bit 3: MPIE 

o 
Description 

Multiprocessor interrupts are disabled (normal receive operation) (initial 
value) 

MPE is cleared to 0 when: 

1. MPIE is cleared to 0, or 

2. Multiprocessor bit (MPB) is set to 1 in receive data. 

Multiprocessor interrupts are enabled: Receive-data-full interrupt 
requests (RXI), receive-error interrupt requests (ERI), and setting of the 
RDRF, FER, and ORER status flags in the serial status register (SSR) 
are disabled until the multiprocessor bit is set to 1. 

The SCI does not transfer receive data from the RSR to the RDR, does 
not detect receive errors, and does not set the RDRF, FER, arid ORER 
flags in the serial status register (SSR). When it receives data that 
includes MPB = 1, MPB is set to 1, and the SCI automatically clears 
MPIE to 0, generates RXI and ERI interrupts (if the TIE and RIE bits in 
the SCR are set to 1), and allows the FER and ORER to be set. 
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• Bit 2 (transmit-end interrupt enable (TEIE»: TEIE enables or disables the transmit-end interrupt 
(TEl) requested if TDR does not contain new transmit data when the MSB is transmitted. 

Bit 2: TEIE Description 

o Transmit-end interrupt (TEl) requests are disabled* (initial value) 

The TEl request can be cleared by reading the TORE bit in the serial 
status register (SSR) after it has been set to 1, then clearing TORE to 0; 
by clearing the transmit end (TEND) bit to 0; or by clearing the TEIE bit 
to o. 
Transmit-end interrupt (TEl) requests are enabled. 

• Bits 1 and 0 (clock enable 1 and 0 (CKEI and CKEO»: CKE! and CKEO select the SCI clock 
source and enable or disable clock output from the SCK pin. Depending on the combination of 
CKEI and CKEO, the SCK pin can be used for general-purpose input/output, serial clock 
output, or serial clock input. 

The CKEO setting is valid only in the asynchronous mode, and only when the SCI is internally 
clocked (CKEI = 0). The CKEO setting is ignored in the clocked synchronous mode, or when an 
external clock source is selected (CKEI = I). Select the SCI operating mode in the serial mode 
register (SMR) before setting CKEI and CKEO. For further details on selection of the SCI clock 

source, see table 13.9 in section 13.3, Operation. 

Bit 1: Bit 0: 
CKE1 CKEO 

0 0 

0 

0 

Description .1 

Asynchronous mode 

Clocked synchronous mode 

Asynchronous mode 

Clocked synchronous mode 

Asynchronous mode 

Clocked synchronous mode 

Asynchronous mode 

Internal clock, SCK pin used for input pin (input signal 
is ignored or output pin output level is undefined) 

Internal clock, SCK pin used for serial clock output*2 

Internal clock, SCK pin used for clock output*3 

Internal clock, SCK pin used for serial clock output 

External clock, SCK pin used for clock input*4 

External clock, SCK pin used for serial clock input 

External clock, SCK pin used for clock input*4 

Clocked synchronous mode External clock, SCK pin used for serial clock input 

Notes: 1. The SCK pin is multiplexed with other functions. Set the pin function controller (PFC) to 
select the SCK function and the SCK input/output of the SCK pin. 

2. Initial value 

3. The output clock frequency is the same as the bit rate. 

4. The input clock frequency is 16 times the bit rate. 
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13.2.7 Serial Status Register 

The serial status register (SSR) is an 8-bit register containing multiprocessor bit values, and status 
flags that indicate SCI operating status. 

The SH CPU can always read and write the SSR, but cannot write 1 in the status flags (TDRE, 
RDRF, ORER, PER, and FER). These flags can be cleared to 0 only if they have first been read 
(after being set to 1). Bits 2 (TEND) and 1 (MPB) are read-only bits that cannot be written. The 
SSR is initialized to H'84 by a reset or in standby mode. 

Bit: 7 6 5 4 3 2 1 0 

Bit name: I TORE RORF ORER FER PER TEND MPB I'MPBT I 
Initial value: 1 0 0 0 0 1 0 0 

RIW: R/(W) * R/(W)* R/(W) * R/(W)* R/(W) * R R RIW 
Note: Write 0 to clear flag. 

• Bit 7 (transmit data register empty (TDRE»: TDRE indicates that the SCI has loaded transmit 
data from the TDR into the TSR and serial transmit new data can be written in the TDR. 

Bit 7: TORE 

o 
Description 

TOR contains valid transmit data 

TORE is cleared to 0 when: 

• Software reads TORE after it has been set to 1, then writes 0 in TORE 

• The OMAC writes data in TOR 

TOR does not contain valid transmit data (initial value) 

TORE is set to 1 when: 

• The chip is reset or enters standby mode 

• The TE bit in the serial control register (SCR) is cleared to 0 

• TOR contents are loaded into TSR, so new data can be written in TOR 
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• Bit 6 (receive data register full (RDRF»): RDRF indicates that RDR contains received data. 

Bit 6: RDRF 

o 
Description 

RDR does not contain valid received data (initial value) 

RDRF is cleared to 0 when: 

• The chip is reset or enters standby mode 

• Software reads RDRF after it has been set to 1, then writes 0 in RDRF 

• The DMAC reads data from RDR 

RDR contains valid received data. 

RDRF is set to 1 when serial data is received normally and transferred from RSR 
to RDA. 

Note: The RDR and RDRF are not affected by detection of receive errors or by clearing of the RE 
bit to 0 in the serial control register. They retain their previous contents. If RDRF is still set 
to 1 when reception of the next data ends, an overrun error (aRER) occurs and the 
received data is lost. 

• Bit 5 (overrun error (ORER»: Indicates that data reception ended abnonnally due to an overrun 
error. 

Bit 5: ORER Description 

o Receiving is in progress or has ended normally (initial value)*1 

aRER is cleared to 0 when: 

• The chip is reset or enters standby mode 

• Software reads aRER after it has been set to 1, then writes 0 in aRER 

A receive overrun error occurred*2 

aRER is set to 1 if reception of the next serial data ends when RDRF is set to 1 

Notes: 1. Clearing the RE bit to 0 in the serial control register does not affect the aRER bit, which 
retains its previous value. 

2. RDR continues to hold the data received before the overrun error, so subsequent 
receive data is lost. Serial receiving cannot continue while aRER is set to 1. In the 
clocked synchronous mode, serial transmitting is disabled. 
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• Bit 4 (framing error (FER»: FER indicates that data reception ended abnonnally due to a 
framing error in the asynchronous mode. 

Bit 4: FER 

o 
Description 

Receiving is in progress or has ended normally (initial value). Clearing the RE bit 
to 0 in the serial control register does not affect the FER bit, which retains its 
previous value. 

FER is cleared to 0 when: 

• The chip is reset or enters standby mode 

• Software reads FER after it has been set to 1, then writes 0 in FER 

A receive framing error occurred. When the stop bit length is two bits, only the 
first bit is checked. The second stop bit is not checked. When a framing error 
occurs, the SCI transfers the receive data into the RDR but does not set RDRF. 
Serial receiving cannot continue while FER is set to 1. In the clocked 
synchronous mode, serial transmitting is also disabled. 

FER is set to 1 if the stop bit at the end of receive data is checked and found to 
beO. 

• Bit 3 (parity error (PER»: PER indicates that data reception (with parity) ended abnonnally due 
to a parity error in the asynchronous mode. 

Bit 3: PER 

o 
Description 

Receiving is in progress or has ended normally (initial value). Clearing the RE bit 
to 0 in the serial control register does not affect the PER bit, which retains its 
previous value. 

PER is cleared to 0 when: 

• The chip is reset or enters standby mode 

• Software reads PER after it has been set to 1, then writes 0 in PER 

A receive parity error occurred. When a parity error occurs, the SCI transfers the 
receive data into the RDR but does not set RDRF. Serial receiving cannot 
continue while PER is set to 1. In the clocked synchronous mode, serial 
transmitting is also disabled. 

PER is set to 1 if the number of 1 s in receive data, including the parity bit, does 
not match the even or odd parity setting of the parity mode bit (OlE) in the serial 
mode register (SMR). 
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• Bit 2 (transmit end (TEND»: TEND indicates that when the last bit of a serial character was 
transmitted, the TDR did not contain new transmit data, so transmission has ended. TEND is a 
read-only bit and cannot be written. 

Bit 2: TEND 

o 
Description 

Transmission is in progress 

TEND is cleared to 0 when: 

• Software reads TORE after it has been set to 1, then writing 0 in TORE 

• The OMAC writes data in TOR 

End of transmission (initial value) 

TEND is set to 1 when: 

• The chip is reset or enters standby mode 

• TE is cleared to 0 in the serial control register (SCR) 

• TORE is 1 when the last bit of a one-byte serial character is transmitted 

• Bit 1 (multiprocessor bit (MPB»: MPB stores the value of the multiprocessor bit in receive data 
when a multiprocessor format is selected for receiving in the asynchronous mode. The MPB is a 

read-only bit and cannot be written. 

Bit 1: MPB 

o 
Description 

Multiprocessor bit value in receive data is 0 (initial value). If RE is cleared to 0 
when a multiprocessor format is selected, the MPB retains its previous value. 

Multiprocessor bit value in receive data is 1 

• Bit 0 (multiprocessor bit transfer (MPBT»: MPBT stores the value of the multiprocessor bit 
added to transmit data when a multiprocessor format is selected for transmitting in the 
asynchronous mode. The MPBT setting is ignored in the clocked synchronous mode, when a 
multiprocessor format is not selected, or when the SCI is not transmitting. 

Bit 0: MPBT Description 

o Multiprocessor bit value in transmit data is 0 (initial value) 

Multiprocessor bit value in transmit data is 1 
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13.2.8 Bit Rate Register (BRR) 

The bit rate register (BRR) is an eight-bit register that, together with the baud rate generator clock 
. source selected by the CKS 1 and CKSO bits in the serial mode register (SMR), determines the 
serial transmit/receive bit rate. 

The SH CPU can always read and write the BRR. The BRR is initialized to H'FF by a reset or in 
standby mode. SCIl and SCI2 have independent baud rate generator control, so different values 
can be set in the two channels. 

Bit: 7 6 5 4 3 2 0 

Bit name:l 

Initial value: 1 1 1 1 1 1 1 1 

R1W: RIW RIW RIW RIW RIW RIW RIW RIW 

Table 13.3 shows examples ofBRR settings in the asynchronous mode; table 13.4 shows 
examples of BBR settings in the clocked synchronous mode. 

Table 13.3 Bit Rates and BRR Settings in Asynchronous Mode 

<I> (MHz) 

1 1.2288 2 2.097152 

Bit Rate Error Error Error Error 
(bitS/s) n N (0/0) n N (0/0) n N (0/0) n N (0/0) 

110 70 0.03 86 0.31 141 0.03 148 -0.04 

150 0 207 0.16 0 255 0.00 103 0.16 108 0.21 

300 0 103 0.16 0 127 0.00 0 207 0.16 0 217 0.21 

600 0 51 0.16 0 63 0.00 0 103 0.16 0 108 0.21 

1200 0 25 0.16 0 31 0.00 0 51 0.16 0 54 --0.70 

2400 0 12 0.16 0 15 0.00 0 25 0.16 0 26 1.14 

4800 0 7 0.00 0 12 0.16 0 13 -2.48 

9600 0 3 0.00 0 6 -2.48 

19200 0 1 0.00 

31250 0 0 0.00 0 0.00 

38400 0 0 0.00 
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Table 13.3 Bit Rates and BRR Settings in Asynchronous Mode (cont) 

cj> (MHz) 

2.4576 3 3.6864 

Bit Rate(bits/s) n N Error (0/0) n N Error (0/0) n N Error (0/0) 

110 1 174 -0.26 212 0.03 2 64 0.70 

150 1 127 0.00 155 0.16 191 0.00 

300 0 255 0.00 1 77 0.16 1 95 0.00 

600 0 127 0.00 0 155 0.16 0 191 0.00 

1200 0 63 0.00 0 77 0.16 0 95 0.00 

2400 0 31 0.00 0 38 0.16 0 47 0.00 

4800 0 15 0.00 0 19 -2.34 0 23 0.00 

9600 0 7 0.00 0 9 -2.34 0 11 0.00 

19200 0 3 0.00 0 4 -2.34 a 5 0.00 

31250 0 2 0.00 

38400 0 0.00 0 2 0.00 

Table 13.3 Bit Rates and BRR Settings in Asynchronous Mode (cont) 

cj> (MHz) 

4 4.9152 5 

Bit Rate(bits/s) n N Error (%) n N Error (0/0) n N Error (0/0) 

110 2 70 0.03 2 86 0.31 2 88 -0.25 

150 207 0.16 255 0.00 2. 64 0.16 

300 103 0.16 127 0.00 129 0.16 

600 0 207 0.16 0 255 0.00 1 64 0.16 

1200 0 103 0.16 0 127 0.00 0 129 0.16 

2400 0 51 0.16 0 63 0.00 0 64 0.16 

4800 0 25 0.16 0 31 0.00 0 32 -1.36 

9600 0 12 0.16 0 15 0.00 0 15 1.73 

19200 0 7 0.00 0 7 1.73 

31250 0 3 0.00 0 4 -1.70 0 4 0.00 

38400 0 3 0.00 0 3 1.73 
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Table 13.3 Bit Rates and BRR Settings in Asynchronous Mode (cont) 

c!> (MHz) 

6 6.144 7.3728 

Bit Rate(bits/s) n N Error (%) n N Error (%) n N Error (%) 

110 2 106 -0.44 2 108 0.08 2 130 -0.07 

150 2 77 0.16 2 79 0.00 2 95 0.00 

300 1 155 0.16 159 0.00 191 0.00 

600 77 0.16 79 0.00 95 0.00 

1200 0 155 0.16 0 159 0.00 0 191 0.00 

2400 0 77 0.16 0 79 0.00 0 95 0.00 

4800 0 38 0.16 0 39 0.00 0 47 0.00 

9600 0 19 -2.34 0 19 0.00 0 23 0.00 

19200 0 9 -2.34 0 9 0.00 0 11 0.00 

31250 0 5 0.00 0 5 2.40 

38400 0 4 -2.34 0 4 0.00 0 5 0.00 

Table 13.3 Bit Rates and BRR Settings in Asynchronous Mode (cont) 

c!> (MHz) 

8 9.8304 10 12 

Bit Rate Error Error Error Error 
(blts/s) n N (%) n N (%) n N (%) n N (%) 

110 2 141 0.03 2 174 -0.26 2 177 -0.25 2 212 0.03 

150 2 103 0.16 2 127 0.00 2 129 0.16 2 155 0.16 

300 207 0.16 255 0.00 2 64 0.16 2 77 0.16 

600 103 0.16 127 0.00 1 129 0.16 1 155 0.16 

1200 0 207 0.16 0 255 0.00 64 0.16 77 0.16 

2400 0 103 0.16 0 127 0.00 0 129 0.16 0 155 0.16 

4800 0 51 0.16 0 63 0.00 0 64 0.16 0 77 0.16 

9600 0 25 0.16 0 31 0.00 0 32 -1.36 0 38 0.16 

19200 0 12 0.16 0 15 0.00 0 15 1.73 0 19 -2.34 

31250 0 7 0.00 0 9 -1.70 0 9 0.00 0 11 0.00 

38400 0 7 0.00 0 7 1.73 0 9 -2.34 
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Table 13.3 Bit Rates and BRR Settings in Asynchronous Mode (cont) 

<I> (MHz) 

12.288 14 14.7456 16 

Bit Rate Error Error Error Error 
(bltsls) n N (%) n N (%) n N (%) n N (%) 

110 2 217 0.08 2 248 -0.17 3 64 0.70 3 70 0.03 

150 2 159 0.00 2 181 0.16 2 191 0.00 2 207 0.16 

300 2 79 0.00 2 90 0.16 2 95 0.00 2 103 0.16 

600 159 0.00 181 0.16 191 0.00 207 0.16 

1200 1 79 0.00 90 0.16 1 95 0.00 1 103 0.16 

2400 0 159 0.00 0 181 0.16 0 191 0.00 0 207 0.16 

4800 0 79 0.00 0 90 0.16 0 95 0.00 0 103 0.16 

9600 0 39 0.00 0 45 -0.93 0 47 0.00 0 51 0.16 

19200 0 19 0.00 0 22 -0.93 0 23 0.00 0 25 0.16 

31250 0 11 2.40 0 13 0.00 0 14 -1.70 0 15 0.00 

38400 0 9 0.00 0 11 0.00 0 12 0.16 

Table 13.3 Bit Rates and BRR Settings in Asynchronous Mode (cont) 

<I> (MHz) 

17.2032 18 19.6608 20 

Bit Rate Error Error Error Error 
(blts/s) n N (%) n N (%) n N (%) n N (%) 

110 3 75 0.48 3 79 -0.12 3 86 0.31 3 88 -0.25 

150 2 223 0.00 2 233 0.16 2 255 0.00 3 64 0.16 

300 2 111 0.00 2 116 0.16 127 0.00 2 129 0.16 

600 223 0.00 233 0.16 1 255 0.00 2 64 0.16 

1200 111 0.00 116 0.16 0 127 0.00 129 0.16 

2400 0 223 0.00 0 233 0.16 0 255 0.00 64 0.16 

4800 0 111 0.00 0 116 0.16 0 127 0.00 0 129 0.16 

9600 0 55 . 0.00 0 58 -0.69 0 63 0.00 0 64 0.16 

19200 0 27 0.00 0 28 1.02 0 31 0.00 0 32 -1.36 

31250 0 16 1.20 0 17 0.00 0 19 -1.70 0 19 0.00 

38400 0 13 0.00 0 14 -2.34 0 15 0.00 0 15 1.73 

352 HITACHI 



Table 13.4 Bit Rates and BRR Settings in Clocked Synchronous Mode 

</> (MHz) 

Bit Rate 1 2 4 8 10 16 20 

(bitS/s) n N n N n N n N n N n N n N 

110 3 70 

250 249 2 124 2 249 3 124 3 249 

500 1 124 249 2 124 2 249 3 124 

1k 0 249 1 124 249 2 124 2 249 

2.5k 0 99 0 199 1 99 199 249 2 99 2 124 

5k 0 49 0 99 0 199 99 124 199 249 

10k 0 24 0 49 0 99 0 199 0 249 99 124 

25k 0 9 0 19 0 39 0 79 0 99 0 159 0 199 

50k 0 4 0 9 0 19 0 39 0 49 0 79 0 99 

100k 0 4 0 9 0 19 0 24 0 39 0 49 

250k 0 O-..J 0 1 0 3 0 7 0 9 0 15 0 19 

500k 0 O-..J 0 0 3 0 4 0 7 0 9 

1M 0 O· 0 0 3 0 4 

2.5M 0 O· 0 

5M 0 O· 

Note Settings with an error of 1 % or less are recommended. 

Blank: No setting available 

- Setting possible, but error occurs 

-..J: Continuous transmit/receive not possible 

The BRR setting is calculated as follows: 

Asynchronous mode 

N = [</>/(64 X 22n -1 X B)] x 106 - 1 

Clocked synchronous mode 

N = [</>/(8 X 22n - 1 X B)] x 106 - 1 

B: bit rate (bit/s) 

N: BRR setting for baud rate generator (0 ~ N ~ 255) 

</>: </> frequency (MHz) 

n: baud rate generator clock source (n = 0, 1, 2, 3) 

For the clock sources and values of n, see table 13.5. 
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SMR Settings 

n Clock Source CKS1 CKSO 

0 cj> 0 0 

cj>/4 0 

2 cj>/16 0 

3 cj>/24 

Find the bit rate error for the asynchronous mode by the following formula. 

Error ('Yo) = {(cj> x 106)/[(N + 1) x 8 x 64 X 22n - 1] -1 } x 100 
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Table 13.5 indicates the maximum bit rates in the asynchronous mode when the baud rate 
generator is being used. Tables 13.6 and 13.7 show the maximum rates for external clock input. 

Table 13.5 Maximum Bit Rates for Various Frequencies with Baud Rate Generator 
(Asynchronous Mode) 

Settings 

4> (MHz) Maximum Bit Rate (bits/s) n N 

1 31250 0 0 

1.2288 38400 0 0 

2 62500 0 0 

2.097152 65536 0 0 

2.4576 76800 0 0 

3 93750 0 0 

3.6864 115200 0 0 

4 125000 0 0 

4.9152 153600 0 0 

5 156250 0 0 

6 187500 0 0 

6.144 192000 0 0 

7.3728 230400 0 0 

8 250000 0 0 

9.8304 307200 0 0 

10 312500 0 0 

12 375000 0 0 

12.288 384000 0 0 

14 437500 0 0 

14.7456 460800 0 0 

16 500000 0 0 

17.2032 537600 0 0 

18 562500 0 0 

19.6608 614400 0 0 

20 625000 0 0 
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Table 13.6 Maximum Bit Rates during External Clock Input (Asynchronous Mode) 

cI> (MHz) External Input Clock (MHz) Maximum Bit Rate (bits/s) 

1 0.2500 15625 

1.2288 0.3072 19200 

2 0.5000 31250 

2.097152 0.5243 32768 

2.4576 0.6144 38400 

3 0.7500 46875 

3.6864 0.9216 57600 

4 1.0000 62500 

4.9152 1.2288 76800 

5 1.2500 78125 

6 1.5000 93750 

6.144 1.5360 96000 

7.3728 1.8432 115200 

8 2.0000 125000 

9.8304 2.4576 153600 

10 2.5000 156250 

12 3.0000 187500 

12.288 3.0720 192000 

14 3.5000 218750 

14.7456 3.6834 230400 

16 4.0000 250000 

17.2032 4.3008 268800 

18 4.5000 281250 

19.6608 4.9152 307200 

20 5.0000 312500 
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Table 13.7 Maximum Bit Rates during External Clock Input (Clocked Synchronous Mode) 

cp (MHz) External Input Clock (MHz) Maximum Bit Rate (bits/s) 

2 0.3333 333333.3 

4 0.6667 666666.7 

6 1.0000 1000000.0 

8 1.3333 1333333.3 

10 1.6667 1666666.7 

12 2.0000 2000000.0 

14 2.3333 2333333.3 

16 2.6667 2666666.7 

18 3.0000 3000000.0 

20 3.3333 3333333.3 

13.3 Operation 

13.3.1 Overview 

The SCI has an asynchronous mode in which characters are synchronized individually, and a 
clocked synchronous mode in which communication is synchronized with clock pulses. Serial 
communication is possible in either mode. Asynchronous/clocked synchronous mode and the 
communication format are selected in the serial mode register (SMR), as shown in table 13.8. The 
SCI clock source is selected by the ciA bit in the serial mode register (SMR) and the CKEI and 
CKED bits in the serial control register (SCR), as shown in table 13.9. 

Asynchronous Mode: 

• Data length is selectable: seven or eight bits. 

• Parity and multiprocessor bits are selectable. So is the stop bitlength (one or two bits). The 
preceding selections constitute the communication format and character length. 

• In receiving, it is possible to detect framing errors (FER), parity errors (PER), overrun errors 
(ORER), and the break state. 

• An internal or external clock can be selected as the SCI clock source. 

- When an internal clock is selected, the SCI operates using the on-chip baud rate generator, 
and can output a serial clock signal with a frequency matching the bit rate. 

When an external clock is selected, the external clock input must have a frequency 16 times 
the bit rate. (The on-chip baud rate generator is not used.) 

Clocked Synchronous Mode: 

• The communication format has a fixed eight-bit data length. 
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• In receiving, it is possible to detect overrun errors (ORER). 

• An internal or external clock can be selected as the SCI clock source. 

- When an internal clock is selected, the SCI operates using the on-chip baud rate generator, 
and outputs a serial clock signal to external devices. 

When an external clock is selected, the SCI operates on the input serial clock. The on-chip 
baud rate generator is not used. 

Table 13.8 Serial Mode Register Settings and SCI Communication Formats 

SMR Settings SCI Communication Format 

Bit 7: Bit 6: Bit 5: Bit 2: Bit 3: Data Parity Multlpro- Stop Bit 
Mode CIA CHR PE MP STOP Length Bit cessor Bit Length 

Asynchronous 0 0 0 0 0 8-bit Absent Absent 1 bit 

2 bits 

0 Present 1 bit 

2 bits 

0 0 7-bit Absent 1 bit 

2 bits 

0 Present 1 bit 

2 bits 

Asynchronous 0 0 8-bit Absent Present 1 bit 
(multiprocessor 2 bits 
format) 

0 7-bit 1 bit 

2 bits 

Clocked 8-bit Absent None 
synchronous 

Note: Asterisks (*) in the table indicate don't-care bits. 
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Table 13.9 SMR and SCR Settings and SCI Clock Source Selection 

SMR SCR Settings SCI Transmit/Receive Clock 

Bit 7: Bit 1: Bit 0: 
Mode CiA CKE1 CKEO Clock Source SCK Pin Function* 

Asynchronous 0 0 0 Internal SCI does not use the SCK pin 
mode Outputs a clock with frequency 

matching the bit rate 

0 External Inputs a clock with frequency 16 times 
the bit rate 

Clocked synch- 1 0 0 Internal Outputs the serial clock 
ronous mode 

0 External Inputs the serial clock 

Note: Select the function in combination with the pin function controller (PFC). 

13.3.2 Operation in Asynchronous Mode 

In the asynchronous mode, each transmitted or received character begins with a start bit and ends 
with a stop bit. Serial communication is synchronized one character at a time. 

The transmitting and receiving sections of the SCI are independent, so full duplex communication 
is possible. The transmitte~ and receiver are both double buffered, so data can be written and read 
while transmitting and receiving are in progress, enabling continuous transmitting and receiving. 

Figure 13.2 shows the general format of asynchronous serial communication. In asynchronous 
serial communication, the communication line is normally held in the mark (high) state. The SCI 
monitors the line and starts serial communication when the line goes to the space (low) state, 
indicating a start bit. One serial character consists of a start bit (low), data (LSB first), parity bit 
(high or low),and stop bit (high), in that order. 

When receiving in the asynchronous mode, the SCI synchronizes on the falling edge of the start 
bit. The SCI samples each data bit on the eighth pulse of a clock with a frequency 16 times the bit 
rate. Receive data is latched at the center of each bit. 
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(LSB) (MSB) 

Idling (mark state) 

1 

S~ 0 1 Do 
data I I 

D1 D7 1 0/1 11 

I Start iParity! Stop i 

~
I bit I ,I,' bit Ii bit I 

Transmit/receive data I 
4~~--------------------------~.~,4~~.~:·~~~---.~ 

I 
1 bit I 7 or 8 bits 1 or 1 or i 
I no bit 2 bits I 

One unit of communication (characters or frames) i 

Figure 13.2 Data Format in Asynchronous Communication (Example: 8-bit data with 
parity and two stop bits) 
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TransmitlReceive Formats: Table 13.10 shows the 12 communication formats that can be 
selected in the asynchronous mode. The format is selected by settings in the serial mode register 
(SMR). 

Table 13.10 Serial Communication Formats (asynchronous mode) 

SMR Bits 

CHR PE MP STOP 1 2 3 4 5 6 7 8 9 10 11 12 

0 0 0 0 START \ a-Bit data STOP \ 

0 0 0 START I a-Bit data STOP I STOP I 

0 0 0 START a-Bit data P ! STOP \ 

0 0 START a-Bit data P I STOP I STOP! 

0 0 0 START 7-Bit data STOP 

0 0 START 7-Bit data STOP STOP! 

0 0 I START 7-Bit data P STOP \ 

0 I START 7-Bit data P STOP I STOP I 

0 0 I STARTj a-Bit data MPB ! STOP I 

0 I START I a-Bit data MPB I STOP! STOP I 

0 I START! 7-Bit data MPB STOP I 

I START I 7-Bit data MPB STOP I STOP I 
-: Don't care bits. 

Note: START: Start bit 

STOP: Stop bit 

P: Parity bit 

MPB: Multiprocessor bit 

Clock: An internal clock generated by the on-chip baud rate generator or an external clock input 
from the SCK pin can be selected as the SCI transmit/receive clock. The clock source is selected 
by the CIA bit in the serial mode register (SMR) and bits CKEI and CKEOin the serial control 
register (SCR) (table 13.9). 

When an external clock is input at the SCK pin, it must have a frequency equal to 16 times the 
desired bit rate. 
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When the SCI operates on an internal clock, it can output a clock signal at the SCK pin. The 
frequency of this output clock is equal to the bit rate. The phase is aligned as in figure 13.3 so that 
the rising edge of the clock occurs at the center of each transmit data bit. 

Figure 13.3 Phase Relationship Between Output Clock and Serial Data (asynchronous 
mode) 

Transmitting and Receiving Data (SCI initialization (asynchronous mode»: Before 
transmitting or receiving, software must clear the TE and RE bits to 0 in the serial control register 
(SCR), then initialize the SCI as follows. 

When changing the communication mode or format, always clear the TE and RE bits to 0 before 
following the procedure given below. Clearing TE to 0 sets TDRE to 1 and initializes the transmit 
shift register (TSR). Clearing RE to 0, however, does not initialize the RDRF, PER, FER, and 
ORER flags and receive data register (RDR), which retain their previous contents. 

When an external clock is used, the clock should not be stopped during initialization or subsequent 
operation. SCI operation becomes unreliable if the clock is stopped. 

Figure 13.4 is a sample flowchart for initializing the SCI. The procedure for initializing the SCI is 
as follows: 

1. Select the communication format in the serial mode register (SMR). 

2. Write the value corresponding to the bit rate in the bit rate register (BRR) unless an external 
clock is used. 

3. Select the clock source in the serial control register (SCR). Leave RIE, TIE, TEIE, MPIE, TE 
and RE cleared to O. If clock output is selected in asynchronous mode, clock output starts 
immediately after the setting is made to SCR. 

4. Wait for at least the interval required to transmit or receive one bit, then set TE or RE in the 
serial control register (SCR) to 1. Also set RIE, TIE, TEIE and MPIE as necessary. Setting TE 
or RE enables the SCI to use the TxD or RxD pin. The initial states are the mark transmit 
state, and the idle receive state (waiting for a start bit). 
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Start of initialization 

Clear TE and RE bits to 0 in SCR 

Select communication format in SMR CD 

Set value in BRR 

Set CKE1 and CKEO bits in SCR 
(leaving TE and RE cleared to 0) 

Set TE or RE to 1 in SCR; Set RIE, 
TIE, TEIE, and MPIE as necessary 

End 

Note: Circled numbers refer to the preceding procedure. 

® 

® 

Figure 13.4 Sample Flowchart for SCI Initialization 

Transmitting Serial Data (asynchronous mode): Figure 13.5 shows a sample flowchart for 
transmitting serial data. The procedure for transmitting serial data is as follows: 

1. SCI initialization: select the TxD pin function with the PFC. 

2. SCI status check and transmit data write: read the serial status register (SSR), check that the 
TDRE bit is 1, then write transmit data in the transmit data register (TDR) and clear TDRE 
to o. 

3. To continue transmitting serial data: read the TDRE bit to check whether it is safe to write (1); 

if so, write data in TDR, then clear TDRE to O. When the DMAC is started by a transmit-data­
empty interrupt request (TXI) to write data in TDR, the TDRE bit is checked and cleared 
automatically. 

4. To output a break signal at the end of serial transmission: set the DR bit to 0 (110 data port 
register), then clear TE to 0 in SCR and set the TxD pin function as output port with the PFC. 
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Note: Circled numbers refer to the preceding procedure. 

Figure 13.5 Sample Flowchart for Transmitting Serial Data 
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In transmitting serial data, the SCI operates as follows: 

1. The SCI monitors the TDRE bit in the SSR. When TDRE is cleared to 0, the SCI recognizes 
that the transmit data register (TDR) contains new data, and loads this data from the TDR into 
the transmit shift register (TSR). 

2. After loading the data from the TDR into the TSR, the SCI sets the TDRE bit to 1 and starts 
transmitting. If the transmit-data-empty interrupt enable bit (TIE) is set to 1 in the SCR, the 
SCI requests a transmit-data-empty interrupt (TXI) at this time. 

Serial transmit data is transmitted in the following order from the TxD pin: 

1. Start bit: one ° bit is output. 

2. Transmit data: seven or eight bits of data are output, LSB first. 

3. Parity bit or multiprocessor bit: one parity bit (even or odd parity) or one multiprocessor bit is 
output. Formats in which neither a parity bit nor a mUltiprocessor bit is output can also be 
selected. 

4. Stop bit: one or two 1 bits (stop bits) are output. 

5. Mark state: output of 1 bits continues until the start bit of the next transmit data. 

6. The SCI checks the TDRE bit when it outputs the stop bit. If TDRE is 0, the SCI loads new 
data from the TDR into the TSR, outputs the stop bit, then begins serial transmission of the 
next frame. IfTDRE is 1, the SCI sets the TEND bit to 1 in the SSR, outputs the stop bit, then 
continues output of 1 bits in the mark state. If the transmit-end interrupt enable bit (TEIE) in 
the SCR is set to 1, a transmit-end interrupt (TEl) is requested. 

Figure 13.6 shows an example of SCI transmit operation in the asynchronous mode. 
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Figure 13.6 Example of SCI Transmit Operation in Asynchronous Mode (8-bit data with 
parity and one stop bit) 

Receiving Serial Data (asynchronous mode): Figure 13.7 shows a sample flowchart for 
receiving serial data. The procedure for receiving serial data is listed below. 

1. SCI initialization: select the RxD pin function with the PFC. 

2. Receive error handling and break detection: if a receive error occurs, read the ORER, PER 
and FER bits of the SSR to identify the error. After executing the necessary error handling, 
clear ORER, PER and FER all to O. Receiving cannot resume if ORER, PER or FER remains 
set to 1. When a framing error occurs, the RxD pin can be read to detect the break state. 

3. SCI status check and receive data read: read the serial status register (SR), check that RDRF is 
set to 1, then read receive data from the receive data register (RDR) and clear RDRF to O. The 
RXI interrupt can also be used to determine if the RDRF bit has changed from 0 to 1. 

4. To continue receiving serial data: read RDRF and RDR, and clear RDRF to 0 before the stop 
bit of the current frame is received. If the DMAC is started by a receive-data-full interrupt 

(RXI) to read RDR, the RDRF bit is cleared automatically so this step is unnecessary. 
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Note: Circled numbers refer to the preceding procedure. 
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Figure 13.7 Sample Flowchart for Receiving Serial Data 
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Overrun error handling 

No 

Framing error handling Clear RE bit to 0 in SCR 

No 
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Clear ORER, PER, and FER to 0 in SSR 

End 

Note: Circled numbers refer to the preceding procedure. 

Figure 13.7 Sample Flowchart for Receiving Serial Data (cont) 
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In receiving, the SCI operates as follows: 

1. The SCI monitors the receive data line. When it detects a start bit (0), the SCI synchronizes 
internally and starts receiving. 

2. Receive data is shifted into the RSR in order from the LSa to the MSB. 

3. The parity bit and stop bit are received. After receiving these bits, the SCI makes the 
following checks: 

a. Parity check: The number of Is in the receive data must match the even or odd parity 
setting of the atE bit in the SMR. 

b. Stop bit check: The stop bit value must be 1. If there are two stop bits, only the first stop 
bit is checked. 

c. Status check: RDRF must be 0 so that receive data can be loaded from the RSR into the 
RDR. 

If these checks all pass, the SCI sets RDRF to 1 and stores the received data in the RDR. If 
one of the checks fails (receive error), the SCI operates as indicated in table 13.11. 

Note: When a receive error flag is set, further receiving is disabled. The RDRF bit is not set 

to 1. Be sure to clear the error flags. 

4. After setting RDRF to 1, if the receive-data-full interrupt enable bit (RIE) is set to 1 in the 
SCR, the SCI requests a receive-data-full interrupt (RXI). If one of the error flags (ORER, 

PER, or FER) is set to 1 and the receive-data-full interrupt enable bit (RIE) in the SCR is also 
set to 1, the SCI requests a receive-error interrupt (ERI). 

Figure 13.8 shows an example of SCI receive operation in the asynchronous mode. 

Table 13.11 Receive Error Conditions and SCI Operation 

Receive Error Abbreviation Condition Data Transfer 

Overrun error ORER Receiving of next data ends while Receive data not loaded 
RDRF is still set to 1 in SSR from RSR into RDR 

Framing error FER Stop bit is 0 Receive data loaded from 
RSR into ADR 

Parity error PER Parity of receive data differs from Receive data loaded from 
even/odd parity setting in SMR RSR into ADR 
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Figure 13.8 Example of SCI Receive Operation (8-bit data with parity and one stop bit) 

13.3.3 Multiprocessor Communication 

The multiprocessor communication function enables several processors to share a single serial 
communication line. The processors communicate in the asynchronous mode using a format with 

an additional multiprocessor bit (multiprocessor format). 

In multiprocessor communication, each receiving processor is addressed by a unique ID. A serial 

communication cycle consists of an ID-sending cycle that identifies the receiving processor, and a 
data-sending cycle. The multiprocessor bit distinguishes ID-sending cycles from data-sending 
cycles. The transmitting processor starts by sending the ID of the receiving processor with which it 
wants to communicate as data with the multiprocessor bit set to 1. Next the transmitting processor 

sends transmit data with the multiprocessor bit cleared to O. 

Receiving processors skip incoming data until they receive data with the multiprocessor bit set to 

1. When they receive data with the multiprocessor bit set to 1, receiving processors compare the 

data with their IDs. The receiving processor with a matching ID continues to receive further 
incoming data. Processors with IDs not matching the received data skip further incoming data until 

they again receive data ~ith the multiprocessor bit set to 1. Multiple processors can send and 
receive data in this way. 

Figure 13.9 shows the example of communication among processors using the mUltiprocessor 

format. 
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·1. 1 D-sending cycle: 
receiving processor address 

MPB: multiprocessor bit 

(MPB = 0) .1 
Data-sending cycle: 

data sent to receiving 
processor specified by ID 

Figure 13.9 Example of Communication among Processors Using Multiprocessor Format 
(sending data H'AA to receiving processor A) 

Communication Formats: Four formats are available. Parity-bit settings are ignored when the 

multiprocessor format is selected. For details see table 13.8. 

Clock: See the description in the asynchronous mode section. 

Transmitting Multiprocessor Serial Data: Figure 13.10 shows a sample flowchart for 
transmitting multiprocessor serial data. The procedure for transmitting multiprocessor serial data is 

listed below. 

1. SCI initialization: select the TxD pin function with the PFC. 

2. SCI status check and transmit data write: read the serial status register (SSR), check that the 
TDRE bit is 1, then write transmit data in the transmit data register (TDR). Also set MPBT 
(multiprocessor bit transfer) to 0 or 1 in SSR. Finally, clear TDRE to o. 

3. To continue transmitting serial data: read the TDRE bit to check whether it is safe to write (1); 

if so, write data in TDR, then clear TDRE to O. When the DMAC is started by a transmit-data­
empty interrupt request (TXl) to write data in TDR, the TDRE bit is checked and cleared 
automatically. 

4. To output a break signal at the end of serial transmission: set the DR bit to 0 (I/O data port 
register), then clear TE to 0 in SCR and set the TxD pin function as output port with the PFC. 
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Figure 13.10 Sample Flowchart for Transmitting Multiprocessor Serial Data 
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In transmitting serial data, the SCI operates as follows: 

1. The SCI monitors the TDRE bit in the SSR. When TDRE is cleared to 0 the SCI recognizes 
that the transmit data register (TDR) contains new data, and loads this data from the TDR into 
the transmit shift register (TSR). 

2. After loading the data from the TDR into the TSR, the SCI sets the TDRE bit to 1 and starts 
transmitting. If the transmit-data-empty interrupt enable bit (TIE) in the SCR is set to 1, the 
SCI requests a transmit-data-empty interrupt (TXI) at this time. 

Serial transmit data is transmitted in the following order from the TxD pin (figure 13.11): 

1. Start bit: one 0 bit is output. 

2. Transmit data: seven or eight bits are output, LSB first. 

3. Multiprocessor bit: one multiprocessor bit (MPBT value) is output. 

4. Stop bit: one or two 1 bits (stop bits) are output. 

5. Mark state: output of 1 bits continues until the start bit of the next transmit data. 

6. The SCI checks the TDRE bit when it outputs the stop bit. If TDRE is 0, the SCI loads data 
from the TDR into the TSR, outputs the stop bit, then begins serial transmission of the next 
frame. IfTDRE is 1, the SCI sets the TEND bit in the SSR to 1, outputs the stop bit, then 
continues output of 1 bits in the mark state. If the transmit-end interrupt enable bit (TEIE) in 
the SCR is set to 1, a transmit-end interrupt (TEl) is requested at this time. 

Start 
bit 

Multi- MUlti-
processor Stop Start processor Stop 

S~=~I 0 I 
Data . bit bit bit D~ta bit bit 

00 1 0, I:: 1 071 0/1 1 1 1 0 1 00 1 0, I:; I D7 I 0/1 I 1 Idle ~~a~~~ 
I I 

I 
TDRE~, I 

j~ 1\ ~ ~ 'r------', 1 
TEND 

i (( 

I 
TXI TXI interrupt 

request handler writes 

I 
data in TOR and 

I clears TORE to 0 

I.,. 
1 frame 

I 
I 

TXI i 
request: 

, 
I 

.,(\ I 
t 

TEl 
request 

Figure 13.11 Example of SCI Multiprocessor Transmit Operation (8-bit data with 
multiprocessor bit and one stop bit) 
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Receiving Multiprocessor Serial Data: Figure 13.12 shows a sample flowchart for receiving 
multiprocessor serial data. The procedure for receiving multiprocessor serial data is listed below. 

1. SCI initialization: select the RxD pin function with the PFC. 

2. ID receive cycle: set the MPIE bit in the serial control register (SCR) to 1. 

3. SCI status check and compare to 10 reception: read the serial status register (SSR), check that 
RDRF is set to 1, then read data from the receive data register (RDR) and compare with the 
processor's own ID. If the ID does not match the receive data, set MPIE to 1 again and clear 
RDRF to O. If the ID matches the receive data, clear RDRF to O. 

4. Receive error handling and break detection: if a receive error occurs, read the ORER and FER 
bits in SSR to identify the error. After executing the necessary error handling, clear both 
ORER and FER to O. Receiving cannot resume if ORER or FER remain set to 1. When a 
framing error occurs, the RxD pin can be read to detect the break state. 

5. SCI status check and data receiving: read SSR, check that RDRF is set to 1, then read data 
from the receive data register (RDR). 

374 HITACHI 



Initialization CD 
Start receiving 

Set the MPIE bit of the SCR to 1 ® 
Read the ORER and FER 

bits of the SSR 

Yes 

No 

Read the RDRF bit of the SSR @ 

No 

Read the receive data of the RDR 

No 

Yes 

Read the ORER and FER 
bits of the SSR 

Yes 

No 

Read the SSR's RDRF bit ® 

No 

Yes 

Read the RDR's receive data 

No @) 

Yes 
Error handling 

Clear the RE bit of the SCR to 0 

Reception ends 

Figure 13.12 Sample Flowchart for Receiving Multiprocessor Serial Data 
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Figure 13.12 Sample Flowchart for Receiving Multiprocessor Serial Data (cont) 
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Figure 13.13 shows an example of SCI receive operation using a multiproce:;sor fonnat. 

Start Stop Start Stop 
bit Data 101 MPB bit bit Data 1 MPB bit 

s~~~ I 0 I Do I 0, I:~ 0 I Do I 0, I JD7] 0 '---I-dl-e .-~~-;~~ 

MPB 

MPIE 

RDRF 

RXI request, 
(multiprocessor 

interrupt) MPIE = 0 

RXI interrupt 
handler reads data 
in RDR and clears 

RDRF to 0 

Not own 10, 
so MPIE is 

set to 1 again 

Figure 13.13 Example of SCI Receive Operation (own ID does not match data) (8-bit data 
with multiprocessor bit and one stop bit) 

HITACHI 377 



Start Stop Start Stop 
bit Data 102 MPB bit bit MPB bit 

S~:~ I 0 I Do I 0, I :l§J 1 1 I a ---I -0-0 ~I -0-1 ...,.....\\-~- r--1-ld-le-~-Ta-~e-r~ 

MPB 

MPIE 

RDRF 

ROR 
value ------.,,4-,A. .... -----' L......,.L...-____ --lI,-I,\-_-I-_-l '-~~--

RXI request, 
(multiprocessor 

interrupt) 
MPIE = 0 

RXI interrupt 
handler reads data 
in ROR and clears 

RORF to 0 

Own 10, so receving 
continues, with data 
received at each RXI 

MPIE 
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Figure 13.13 Example of SCI Receive Operation (own ID matches data) (8-bit data with 
multiprocessor bit and one stop bit) (cont) 

13.3.4 Clocked Synchronous Operation 

In the clocked synchronous mode. the SCI transmits and receives data in synchronization with 
clock pulses. This mode is suitable for high-speed serial communication. 

The SCI transmitter and receiver share the same clock but are otherwise independent, so full 
duplex communication is possible. The transmitter and receiver are also double buffered, so 
continuous transmitting or receiving is possible by reading or writing data while transmitting or 
receiving is in progress. 

Figure 13.14 shows the general format in clocked synchronous serial communication. 
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~ Transfer direction 

One unit (character or frame) of serial data 

Serial clock 

Serial data 

Note: High except in continuous transmitting or receiving. 

Figure 13.14 Data Format in Clocked Synchronous Communication 

In clocked synchronous serial communication, each data bit is output on the communication line 
from one falling edge of the serial clock to the next. Data are guaranteed valid at the rising edge of 
the serial clock. In each character, the serial data bits are transmitted in order from the LSB (first) 
to the MSB (last). After output of the MSB, the communication line remains in the state of the 
MSB. In the clocked synchronous mode, the SCI transmits or receives data by synchronizing with 
the falling edge of the serial clock. 

Communication Format: The data length is fixed at eight bits. No parity bit or multiprocessor bit 
can be added. 

Clock: An internal clock generated by the on-chip baud rate generator or an external clock input 

from the SCK pin can be selected as the SCI transmit/receive clock. The clock source is selected 
by the ciA bit in the serial mode register (SMR) and bits CKE 1 and CKEO in the serial control 
register (SCR). See table 13.6. 

When the SCI operates on an internal clock, it outputs the clock signal at the SCK pin. Eight clock 
pulses are output per transmitted or received character. When the SCI is not transmitting or 
receiving, the clock signal remains in the high state. 

Figure 13.15 shows an example of SCI transmit operation. In transmitting serial data, the SCI 
operates as follows. 

1. The SCI monitors the TDRE bit in the SSR. When TDRE is cleared to 0 the SCI recognizes 
that the transmit data register (TDR) contains new data, and loads this data from the TDR into 
the transmit shift register (TSR). 

2. After loading the data from the TDR into the TSR, the SCI sets the TDRE bit to 1 and starts 
transmitting. If the transmit-data-empty interrupt enable bit (TIE) in the SCR is set to 1, the 
SCI requests a transmit-data-empty interrupt (TXI) at this time. 
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If clock output is selected, the SCI outputs eight serial clock pulses. If an external clock 
source is selected, the SCI outputs data in synchronization with the input clock. Data are 
output from the TxD pin in order from the LSB (bit 0) to the MSB (bit 7). 

3. The SCI checks the TDRE bit when it outputs the MSB (bit 7). If TDRE is 0, the SCI loads 
data from the TDR "into the TSR, transmits the MSB, then begins serial transmission of the 
next frame. IfTDRE is 1, the SCI sets the TEND bit in the SSR to 1, transmits the MSB, then 
holds the transmit data pin (TxD) in the MSB state. If the transmit-end interrupt enable bit 
(TEIE) in the SCR is set to 1, a transmit-end interrupt (TEl) is requested at this time. 

4. After the end of serial transmission, the SCK pin is held in the high state. 

4 Transmit direction 

Serial clock 

Serial data 

TORE 

TEND r--
~--~~~~----~~ 

TXI 
request 

TXI interrupt TXI 
handler writes request 

data in TOR and 
clears TORE to 0 

1 frame 

Figure 13.15 Example of SCI Transmit Operation 

TEl 
request 

Transmitting and Receiving Data: SCI Initialization (clocked synchronous mode): Before 
transmitting or receiving, software must clear the TE and RE bits to 0 in the serial control register 
(SCR), then initialize the SCI as follows. 

When changing the communication mode or format, always clear the TE and RE bits to 0 before 
following the procedure given below. Clearing TE to 0 sets TDRE to 1 and initializes the transmit 
shift register (TSR). Clearing RE to 0, however, does not initialize the RDRF, PER, FER, and 
ORER flags and receive data register (RDR), which retain their previous contents. 

Figure 13.16 is a sample flowchart for initializing the SCI. The procedure for initializing the SCI 

is listed below. 
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1. Select the communication format in the serial mode register (SMR). 

2. Write the value corresponding to the bit rate in the bit rate register (BRR) unless an external 
clock is used. 

3. Select the clock source in the serial control register (SCR). Leave RIE, TIE, TEIE, MPIE, TE 
and RE cleared to O. 

4. Wait for at least the interval required to transmit or receive one bit, then set TE or RE in the 
serial control register (SCR) to 1. Also set RIE, TIE, TEIE and MPIE. Setting the 
corresponding bit of the pin function controller, TE and RE enables the SCI to use the TxD or 
RxDpin. 

Start of initialization 

Clear TE and RE bits to 0 in SCR 

Select communication format in SMR CD 

Set value in BRR ® 

Set RIE, TIE, TEIE, MPIE, CKE1, 
and CKEO bits in SeR ® 

(leaving TE and RE cleared to 0) 

Set TE or RE to 1 in SCR; 
Set RIE, TIE, TEIE, and MPIE 

End 

Note: High except in continuous transmitting or receiving. 

No 

Figure 13.16 Sample Flowchart for SCI Initialization 
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Transmitting Serial Data (clocked synchronous mode): Figure 13.17 shows a sample flowchart 
for transmitting serial data. The procedure for transmitting serial data is listed below. 

1. SCI initialization: select the TxD pin function with the PFC. 

2. SCI status check and transmit data write: read the serial status register (SSR), check that the 
TDRE bit is I, then write transmit data in the transmit data register (TDR) and clear TDRE to 
O. The RXI interrupt can also be used to determine if the RDRF bit has changed from 0 to 1. 

3. To continue transmitting serial data: read the TDRE bit to check whether it is safe to write (1); 

if so, write data in TDR, then clear TDRE to O. When the DMAC is started by a transmit-data­
empty interrupt request (TXI) to write data in TDR, the TDRE bit is checked and cleared 
automatically. 
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Figure 13.17 Sample Flowchart for Serial Transmitting 



Receiving Serial Data (clocked synchronous mode): Figure 13.18 shows a sample flowchart for 

receiving serial data. When switching from the asynchronous mode to the clocked synchronous 
mode, make sure that ORER, PER, and FER are cleared to O. If PER or FER is set to 1, the RDRF 
bit will not be set and both transmitting and receiving will be disabled. Figure 13.19 shows an 
example of SCI recieve operation. 

The procedure for recieving serial data is listed below. 

1. SCI initialization: select the RxD pin function with the PFC. 

2. Receive error handling: if a receive error occurs, read the ORER bit in SSR to identify the 

error. After executing the necessary error handling, clear ORER to O. Transmitting/receiving 

cannot resume if ORER remains set to 1. 

3. SCI status check and receive data read: read the serial status register (SSR), check that RDRF 
is set to 1, then read receive data from the receive data register (RDR) and clear RDRF to O. 
The RXI interrupt can also be used to determine if the RDRF bit has changed from 0 to 1. 

4. To continue receiving serial data: read RDR, and clear RDRF to 0 before the frame MSB (bit 
7) of the current frame is received. If the DMAC is started by a receive-data-full interrupt 
(RXI) to read RDR, the RDRF bit is cleared automatically so this step is unnecessary. 
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Figure 13.18 Sample Flowchart for Serial Receiving 



Error handling 
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Figure 13.18 Sample Flowchart for Serial Receiving (cont) 
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Figure 13.19 Example of SCI Receive Operation 

In receiving, the SCI operates as follows: 

1. The SCI synchronizes with serial clock input or output and initializes internally. 

2. Receive data is shifted into the RSR in order from the LSB to the MSB. After receiving the 
data, the SCI checks that RDRF is 0 so that receive data can be loaded from the RSR into the 
RDR. If this check passes, the SCI sets RDRF to 1 and stores the received data in the RDR. If 
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the check does not pass (receive error), the SCI operates as indicated in table 13.8. When the 
error flag is set to 1 and the RDRF bit is cleared to 0, the RDRF bit will not be set to 1 during 
reception. When restarting the reception, make sure to clear the error flag to O. 

3. After setting RDRF to 1, if the receive-data-full interrupt enable bit (RIE) is set to 1 in the 
SCR, the SCI requests a receive-data-full interrupt (RXI). If the ORER bit is set to 1 and the 
receive-data-full interrupt enable bit (RIE) in'the SCR is also set to 1, the SCI requests a 
receive-error interrupt (ERI). 

Transmitting and Receiving Serial Data Simultaneously (clocked synchronous mode): Figure 
13.20 shows a sample flowchart for transmitting and receiving serial data simultaneously. The 
procedure for transmitting and receiving serial data simultaneously is listed below. 

1. SCI initialization: select the TxD and RxD pin function with the PFC. 

2. SCI status check and transmit data write: read the serial status register (SSR), check that the 
TDRE bit is 1, then write transmit data in the transmit data register (TDR) and clear TDRE to 
O. The TXI interrupt can also be used to determine if the TDRE bit has changed from 0 to 1. 

3. Receive error handling: if a receive error occurs, read the ORER bit in SSR to identify the 
error. After executing the necessary error handling, clear ORER to O. Transmitting/receiving 
cannot resume if ORER remains set to 1. 

4. SCI status check and receive data read: read the serial status register (SSR), check that RDRF 
is set to 1, then read receive data from the receive data register (RDR) and clear RDRF to O. 
The RXI interrupt can also be used to determine if the RDRF bit has changed from 0 to 1. 

5. To continue transmitting and receiving serial data: read the RDRF bit and RDR, and clear 
RDRF to 0 before the frame MSB (bit 7) of the current frame is received. Also read the TDRE 
bit to check whether it is safe to write (1); if so, write data in TDR, then clear TDRE to 0 
before the MSB (bit 7) of the current frame is transmitted. When the DMAC is started by a 
transmit-data-empty interrupt request (TXI) to write data in TDR, the TDRE bit is checked 
and cleared automatically. When the DMAC is started by a receive-data-full interrupt (RXI) 
to read RDR, the RDRF bit is cleared automatically. 
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and clear the TORE bit of the 

SSR to 0 

Read the ORER bit of the SSR 

Read the SSR's RORF bit 0 

Yes 

Read the receive data of the 
ROR and clear the RORF bit of ® 

the SSR to ° 

Clear the TE and RE bits of 
the SCR to 0 

Transmitting/receiving ends 

Note: In switching from transmitting or receiving to simultaneous transmitting and receiving, 
clear both TE and RE to 0, then set both TE and RE to 1. 

Figure 13.20 Sample Flowchart for Serial Transmitting 
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13.4 SCI Interrupt Sources and the DMAC 

The SCI has four interrupt sources in each channel: transmit-end (TEl). receive-error (ERI), 
receive-data-full (RXI), and transmit-data-empty (TXI). Table 13.12 lists the interrupt sources and 
indicates their priority. These interrupts can be enabled and disabled by the TIE, RIE, and TEIE 
bits in the serial control register (SCR). Each interrupt request is sent separately to the interrupt 
controller. 

TXI is requested when the TDRE bit in the SSR is set to 1. TXI can start the direct memory access 
controller (DMAC) to transfer data. TDRE is automatically cleared to ° when the DMAC executes 
the data transfer to the transmit data register (TDR). 

RXI is requested when the RDRF bit in the SSR is set to 1. RXI can start the DMAC to transfer 

data. RDRF is automatically cleared to ° when the DMAC executes the data transfer to the receive 
data register (RDR). ERI is requested when the ORER, PER, or FER bit in the SSR is set to 1. ERI 

cannot start the DMAC. 

TEl is requested when the TEND bit in the SSR is set to 1. TEl cannot start the DMAC. A TXI 
interrupt indicates that transmit data writing is enabled. A TEl interrupt indicates that the transmit 
operation is complete. 

Table 13.12 SCI Interrupt Sources 

Interrupt Source Description DMAC Availability Priority 

ERI Receive error (ORER, PER, or FER) No High 

RXI Receive data full (RDRF) Yes i 
TXI Transmit data empty (TDRE) Yes -1-

TEND Transmit end (TEND) No Low 

13.5 Usage Notes 

Note the following points when using the SCI. 

TDR Write and TDRE Flags: The TDRE bit in the serial status register (SSR) is a status flag 
indicating loading of transmit data from the TDR into the TSR. The SCI sets TDRE to 1 when it 
transfers data from the TDR to the TSR. If new data is written in the TDR when TDRE is 0, the 

old data stored in the TDR will be lost because these data have not yet been transferred to the 
TSR. Before writing transmit data to the TDR, be sure to check that TDRE is set to 1. 

Simultaneous Multiple Receive Errors: Table 13.13 indicates the state of the SSR status flags 
when multiple receive errors occur simultaneously. When an overrun error occurs, the RSR 
contents cannot be transferred to the RDR, so receive data is lost. 
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Table 13.13 SSR Status Flags and Transfer of Receive Data 

SSR Status Flags 

Receive Error Status RDRF 

Overrun error 1 

Framing error 0 

Parity error 0 

Overrun error + fram ing error 

Overrun error + parity error 

Framing error + parity error 0 

Overrun error + framing error + parity 
error 

0: Receive data is transferred from RSR-RDR. 

ORER 

0 

0 

1 

0 

1 

X: Receive data is not transferred from RSR-RDR. 

FER 

0 

0 

0 

Receive Data 
Transfer 

PER RSR ~ RDR 

0 X 

0 0 

0 

0 X 

X 

0 

X 

Break Detection and Processing: Break signals can be detected by reading the RxD pin directly 

when a framing error (FER) is detected. In the break state, the input from the RxD pin consists of 
all Os, so FER is set and the parity error flag (PER) may also be set. In the break state, the SCI 
receiver continues to operate, so if the FER bit is cleared to 0, it will be set to 1 again. 

Sending a Break Signal: When TE is cleared to ° the TxD pin becomes an UO port, the level and 
direction (input or outPut) of which are determined by the data register (DR) of the 110 port and 
the control register (CR) of the PFC. This feature can be used to send a break signal. The DR value 
substitutes for the mark state until the PPC setting is performed. The DR bits should therefore be 
set as an output port that outputs 1 beforehand. To send a break signal during serial transmission, 
clear the DR bit to 0, and select output port as the TxD pin function by the PFC. When TE is 
cleared to 0, the transmitter is initialized, regardless of its current state. 

Receive Error Flags and Transmitter Operation (clocked synchronous mode only): When a 
receive error flag (ORER, PER, or FER) is set to 1, the SCI will not start transmitting even if 
TDRE is set to 1. Be sure to clear the receive error flags to ° before starting to transmit. Note that 

clearing RE to ° does not clear the receive error flags. 

Receive Data Sampling Timing and Receive Margin in the Asynchronous Mode: In the 

asynchronous mode, the SCI operates on a base clock of 16 times the bit rate frequency. In 
receiving, the SCI synchronizes internally with the falling edge of the start bit, which it samples on 
the base clock. Receive data is latched on the rising edge of the eighth base clock pulse. See figure 
13.21. 
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I 16 clocks 
: 8 clocks ... ! ~I 

Internal 0 12 34 56 7891011121314150 12 34 56 7891011121314150 1 234 5 

base clock 

Receive 
data (RxD) l~_S=t=a~rt~b~it ____________ ~ ______ =D~0 __________ ~ __ ~D~1 __ _ 

Synch ron ization 
sampling ~ ________________________ _ 

timing 

Data 
sampling _____ ---Ir.L-_________ -->r. ____________ _ 

timing 

Figure 13.2,1 Receive Data Sampling Timing in Asynchronous Mode 

The receive margin in the asynchronous mode can therefore be expressed as in equation 1. 

Equation 1: 

M = 1(0.5 - 2~) - (L - 0.5)F - ID -N 0.51 (1 + F)I x 100% 

M: Receive margin (%) 

N: Ratio of clock frequency to bit rate (N = 16) 

D: Clock duty cycle (D = 0-1.0) 
L: Frame length (L = 9-12) 

F: Absolute deviation of clock frequency 

From equation (1), ifF = 0 and D = 0.5 the receive margin is 46.875%, as given by equation 2. 

Equation 2: 

D = 0.5, F = 0 

M = (0.5 - 1/(2 x 16)) x 100% 

= 46.875% (2) 

This is a theoretical value. A reasonable margin to allow in system designs is 20-30%. 

Constraints on DMAC Use: 

• When using an external clock source for the serial clock, update the TDR with the DMAC, and 
then after five system clocks or more elapse, input a transmit clock. If a transmit clock is input 
in the first four system clocks after the TDR is written, an error may occur (figure 13.22). 
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• Before reading the receive data register (RDR) with the DMAC, select the receive-data-full 
interrupt of the SCI as a start-up source using the resource select bit (RS) in the channel control 
register (CHCR). 

SCK 

TORE 1 ..... ---:-__ --1 

Note: During external clock operation, an error may occur if t is 4<1> or less. 

Figure 13.22 Clocked Synchronous Transmitting Example with DMAC 

Cautions for Clocked Synchronous External Clock Mode: 

• Set TE = RE = 1 only when the external clock SCI is 1. 

• Do not set TE = RE = 1 until at least 4 clocks after the external clock SCK has changed from 0 
to 1. 

• When receiving, RDRF = 1 when RE is set to zero 2.5-3.5 clocks after the rise edge of the RxD 
D7 bit SCK input, but it cannot be copied to RDR. 

Caution for Clocked Synchronous Internal Clock Mode: When receiving, RDRF = 1 when RE 
is set to zero 1.5 clocks after the rise edge of the RxD D7 bit SCK input, but it cannot be copied to 
RDR. 
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Section 14 AID Converter 

14.1 Overview 

The SH microcomputer includes an analog-to-digital converter module which can be programmed 
for input of analog signals up to eight channels. AID conversion is performed by the successive 
approximation method with la-bit resolution. 

14.1.1 Features 

• la-bit resolution 

• Eight analog input channels 

• User definable analog conversion voltage range 

• The analog conversion voltage range can be set with the analog reference power pin (A VreO as 
the analog reference voltage 

o Rapid conversion time: 6.71ls per channel (at 20 MHz) 

• Single mode or scan mode (selectable) 

- Single mode: One-channel AID conversion 

- Scan mode: AID conversion repeated on one to four channels 

• Four 16-bit data registers: AID conversion results are transferred to and stored in the data 
registers corresponding to channels 

• Sample-and-hold circuit 

• External trigger input can start AID conversion 

• ADI: AID interrupt request 

Can be generated at end of each conversion cycle 

Can start direct memory access controller (DMAC) 
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14.1.2 Block Diagram 

Figure 14.1 is a block diagram of the A/D converter. 

~-------~--------------------------------------I 
I 
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r-----------------------~I~ 
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AVec 0 .... .... <1> 
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0..!!2 c:{ en () Cl a: 
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ctlCl a: 
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.~ c: 0 0 0 0 () 

Cl 
D/A (/)0 Cl Cl Cl Cl Cl c:{ 

AVss (/).- c:{ c:{ c:{ c:{ c:{ 
<1>-uctl 
uE 
~ 

Cf) 

ANo 

AN1 

AN2 

AN3 

AN4 

AN5 

ANs 

AN7 

Analog 
multi­
plexer 

Control circuit 

fo4--~ <1>/8 

fo4-----L- <1>/1 6 J Comparator 

............. 
Sample-and­
hold circuit 

ADI 
1.-___ --;_ interrupt 

ADTRG~----------------------------~ 

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - AID converter - - - - - - - -­

ADCR: AID control register 

ADCSR: AID control/status register 

ADORA: AID data register A 

ADORB: AID data register B 

ADORC: AID data register C 

ADORD: AID data register E 

Figure 14.1 Block Diagram of the AID Converter 
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14.1.3 Configuration of Input Pins 

Table 14.1 lists input pins for the AID converter. The eight analog input pins are grouped into two 
sets. Group 0 is analog input pins 0-3 (ANo-AN3) and group 1 is pins 4-7 (AN4-AN7). Pins 
A Vee and A V ss are the power supply for the analog circuit of the AID converter. A V ref is the 
analog reference voltage for AID conversion. 

Table 14.1 Input Pins 

Pin Name Abbreviation 

Analog supply voltage AVec 

Analog ground AVss 

Analog reference AVref 
power supply 

Analog input 0 ANa 

Analog input 1 AN1 

Analog input 2 AN2 

Analog input 3 AN3 

Analog input 4 AN4 

Analog input 5 AN5 

Analog input 6 AN6 

Analog input 7 AN7 

AID conversion trigger ADTRG 
input 

I/O Function 

Power supply for the analog circuits 

Ground and reference voltage for the analog circuits 

Reference voltage for the analog circuits 

Analog input pins, group 0 

Analog input pins, group 1 

External trigger input 
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14.1.4 Configuration of AID Registers 

The AID converter includes the registers listed in table 14.2. 

Table 14.2 AID Registers 

Register Name Abbreviation RIW Initial Value Address*1 Access Size 

AID data register A (high) ADDRAH R H'OO H'05FFFEEO S, 16 

AID data register A (low) ADDRAl R H'OO H'05FFFEE1 16 

AID data register B (high) ADDRBH R H'OO H'05FFFEE2 S, 16 

AID data register B (low) ADDRBl R H'OO H'05FFFEE3 16 

AID data register C (high) ADDRCH R H'OO H'05FFFEE4 S,16 

AID data register C (low) ADDRCl R H'OO H'05FFFEE5 16 

AID data register D (high) ADDRDH R H'OO H'05FFFEE6 S, 16 

AID data register D (low) ADDRDl R H'OO H'05FFFEE7 16 

AID control/status register ADCSR R/(W)*2 H'OO H'05FFFEES S, 16 

AID control register ADCR RIW H'7F H'05FFFEE9 S, 16 

Notes: 1. Only the values of bits A27-A24 and AS-AO are valid; bits A23-A9 are ignored. For 
details on the register addresses, see section S.3.5, Description of Areas. 

2. Only 0 can be written into bit 7 to clear the flag. 

14.2 Register Descriptions 

14.2.1 AID Data Registers A-D (ADDRA-ADDRD) 

The four AID data registers (ADDRA-ADDRD) are 16-bit read-only registers that store the results 
of the AID conversion. Each result consists of 10 bits. The first 8 bits are stored in the upper byte 
of the data register corresponding to the selected channel. The last two bits are stored in the lower 
byte of the data register. Bits 5-0 of the lower byte are reserved and always read O. Each data 
register is assigned to two analog input channels (table 14.3). 

The AID data registers are always readable by the CPU. The upper byte can be read directly and 
the lower byte is read via a temporary register (TEMP). See section 14.3, CPU Interface, for 
details. The A/D data registers are initialized to H'OOOO at a reset or in standby modes. 
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Bit: 15 14 13 12 11 10 9 a 

ADORn: I AD9 ADa AD7 AD6 AD5 AD4 AD3 AD2 

Initial value: 0 0 0 0 0 0 0 0 

RIW: R R R R R R R R 

Bit: 7 6 5 4 3 2 0 

ADORn: I AD1 ADO 

Initial value: 0 0 0 0 0 0 0 0 

RIW: R R R R R R R R 

n =A-D 

Table 14.3 Assignment of Data Registers to Analog Input Channels 

Analog Input Channel 

Group 0 Group 1 AID Data Register 

ANO AN4 ADORA 

AN1 AN5 ADDRB 

AN2 AN6 ADDRC 

AN3 AN7 ADDRD 

14.2.2 AID Control/Status Register (ADCSR) 

The NO control/status register (ADCSR) is an 8-bit read/write register that controls the operation 
of the NO converter (mode selection, etc.). ADCSR is initialized to H'OO at a reset or in standby 
modes. 

Bit: 7 6 5 4 3 2 0 

Bit name: I ADF ADIE ADST SCAN CKS CH2 CH1 CHO 

Initial value: 0 0 0 0 0 0 0 0 

RIW: R/(W)* RIW RIW RIW RIW RIW RIW RIW 

Note: Write 0 to clear the flag. 

HITACHI 397 



• Bit 7 (AID end flag (ADF)): ADF indicates that AID conversion is completed. 

Bit 7 (ADF) Description 

o Cleared to 0 under the following conditions (initial value): 

• The CPU reads the ADF bit while the bit is set to 1, then writes 0 into the bit 

• The ADI starts the DMAC and the AID conversion register is accessed 

Set to 1 at the following times: 

• Single mode: When AID conversion is complete 

• Scan mode: When AID conversion of all selected channel are complete 

• Bit 6 (AID interrupt enable (ADIE»: ADIE selects whether or not to re'quest an AID interrupt 
(ADI) when AID conversion is completed. 

Bit 6 (ADIE) Description 

o The AID interrupt (ADI) request is disabled (initial value) 

The AID interrupt (ADI) request is enabled 

• Bit 5 (AID start (ADST»: ADST selects the start or halt of AID conversion. Whenever the AID 
converter is operating, this bit is set to 1. It can also be set to 1 by the AID conversion trigger 
input pin (ADTRG). 

Bit 5 (ADSn 

o 
Description 

AID conversion is halted (initial value) 

• Single mode: AID conversion is performed. This bit is automatically cleared to 
o at the end of the conversion. 

• Scan mode: AID conversion starts and continues cyclically on the selected 
channels until this bit is cleared to 0 by software, reset, or the standby mode. 

• Bit 4 (scan mode (SCAN)): SCAN selects either scan mode or single mode for operation. See 
section 14.4, Operation, for descriptions of these modes. The mode should be changed only 
when the ADST bit is cleared to O. 

Bit 4 (SCAN) Description 

o Single mode (initial value) 

Scan mode 
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• Bit 3 (clock select (CKS»: CKS selects the AID conversion time. The conversion time should 
be changed only when the ADST bit is cleared to O. 

Bit 3 (CKS) Description 

o Conversion time = 266 states (maximum) (initial value) 

Conversion time = 134 states (maximum) 

• Bits 2-0 (channel select 2--0 (CH2-CHO»: CH2-CHO selects analog input channels with the 
SCAN bit. The channel selection should be changed only when the ADST bit is cleared to O. 

Group Select Channel Select Selected Channels 

CH2 CH1 CHO Single Mode Scan Mode 

0 0 0 ANO ANO (initial value) 

0 AN1 ANO and AN1 

0 AN2 ANQ-AN2 

1 1 AN3 ANQ-AN3 

0 0 AN4 AN4 

0 AN5 AN4 and AN5 

0 AN6 AN4-AN6 

AN7 AN4-AN7 

14.2.3 AID Control Register (ADCR) 

The AID control register (ADCR) is an 8-bit read/write register that selects whether or not to start 
the AID conversion when an external trigger is input. The ADCR is initialized to H'7F at a reset or 
in standby mode. 

Bit: 7 6 5 4 3 2 0 

Bit name: I TRGE 

Initial value: 0 

R/W: R/W 
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• Bit 7 (trigger enable (TRGE)): TRGE selects whether or not to start the AID conversion when 
an external trigger is input. 

Bit 7 (TRGE) 

o 
Description 

When an external trigger is input, the AJD conversion does not start (initial 
value) 

The AJD conversion starts at the falling edge of an input signal from the external 
trigger pin (ADTRG). 

• Bits 6-0 (reserved): These bits always read as 1. The write value should always be 1. 

14.3 CPU Interface 

The data buses for the CPU are 8-bit buses, but the AID data registers (ADDRA-ADDRD) are 16-
bit registers. Therefore, the upper byte of each register can be read directly, but the lower byte is 
accessed through an 8-bit temporary register (TEMP). 

When the CPU reads the upper byte of an AID data register, the upper byte is transferred to the 
CPU and the lower byte to the TEMP. When the lower byte is accessed, the value in the TEMP is 
transferred to the CPU. 

A program should first read the upper byte, then the lower byte of the AID data register. This can 
be performed by reading AD DR from the upper byte end using a word transfer instruction 
(MOV.W or the like). Reading only the upper byte would assure the CPU of obtaining consistent 
data. If the program reads only the lower byte, however, consistent data will not be guaranteed. 

Figure 14.2 shows the data flow during the access to AID data registers. 
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Figure 14.2 Read Access to AID Data Register (When Register Contains H'AA40) 
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14.4 Operation 

The AID converter operates by successiveapproximation with a lO-bit resolution. Its two modes, 

single mode and scan mode, are described below. 

14.4.1 Single Mode (SCAN = 0) 

In the single mode, AID conversion is performed on a single channel. AID conversion starts when 

the ADST bit of the AID control/status register (ADCSR) is set to 1 by software or an external 

trigger input. During the conversion process the ADST bit remains set at 1. When the conversion 

is completed, the ADST bit is automatically cleared to O. 

When the conversion is completed, the ADF bit is set to 1. If the interrupt enable bit (AD IE) of the 

ADCSR is also set to 1, an AID conversion interrupt (AD I) is requested. When the ADCSR is read 

and 1 is written in the ADF bit, the ADF bit is cleared to O. 

Before changing a mode or analog input channel, clear the ADST bit in the ADCSR to 0 to stop 
the AID conversion in order to prevent malfunctions. Setting the ADST bit to 1 after changing the 

mode or channel starts the AID conversion again (changing the mode or channel and setting the 

ADST bit can be performed simultaneously). 

The following is an example of the AID conversion process in the single mode when channel 1 
(ANI) is selected. See figure 14.3 for the timing. 

1. The program selects the single mode (SCAN = 0) and input channel ANI (CH2 = CHI = 0, 
CHO = 1), enables the AID interrupt request (ADIE = 1), and sets the ADST bit to 1 to start 

the AID conversion. 

2. At the end of the conversion process the AID converter transfers the result to register 
ADDRB, sets the ADF bit to 1, clears the ADST bit to 0, and halts. 

3. Since ADF = I and ADIE = 1, an AID interrupt is requested. 

4. The AID interrupt-handling routine is started. 

5. The interrupt-handling routine reads the ADF value; since it is 1, it writes a 0 into the ADF 

bit. 

6. The interrupt-handling routine reads and processes the AID conversion result (ADDRB). 

7. The routine ends. 

Steps 2-7 can now be repeated by setting the ADST bit to 1 again. 
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14.4.2 Scan Mode (SCAN = 1) 

The scan mode can be used to monitor analog inputs on one or more channels. When the ADST bit 

in the ADCSR is set to 1 by software or an external trigger input, AID conversion starts with the 
first channel (ANO when CH2 = 0, AN4 when CH2 = 1) in the group. 

If the scan group includes more than one channel, the conversion of the second channel (AN 1 or 
ANS) begins as soon as the conversion of the first channel ends. 

Conversion of the selected channels continues cyclically until the ADST bit is cleared to O. The 
conversion results are stored in the data registers corresponding to the selected channels. 

Before changing a mode or analog input channels, clear the ADST bit in the ADCSR to 0 to stop 
the AID conversion in order to prevent malfunctions. Setting the ADST bit to 1 after changing the 
mode or channel selects the first channel and starts the AID conversion again (changing the mode 
or channel and setting the ADST bit can be performed simultaneously). 

The following is an example of the AID conversion process in the scan mode when three channels 
in group 0 are selected (ANO, ANI, and AN2). See figure 14.4 for the timing. 

1. The program selects the scan mode (SCAN = 1), scan group 0 (CH2 = 0), and analog input 
channels ANO-AN2 (CHI = 1, CH2 = CHO = 0), then sets the ADST bit to 1 to start the AID 
conversion. 

2. The AID converter samples the input at the first channel (ANO), converts the voltage level to a 
digital value, and transfers the result to register ADDRA. Next, the second channel (AN 1) is 
automatically selected and conversion begins. 

3. Then it does the same for the third channel (AN2). 

4. After all selected channels (ANO-AN2) have been converted, the AID converter sets the ADF 
bit to 1 and begins conversion on the channel ANo again. If the ADIE bit is set to 1, an AID 
interrupt (ADI) is requested after the AID conversion. 

5. Steps 2-4 are repeated cyclically as long as the ADST bit remains set at 1. 
To stop the AID conversion, clear the ADST bit to O. The moment the ADST bit is set to 1 
again, AID conversion begins with the first channel (ANO). 
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14.4.3 Input Sampling Time and AID Conversion Time 

With a built-in sample-and-hold circuit, the AID converter performs input sampling at time to 

after the ADST bit of the AID control/status register (ADCSR) is set to 1. The actual AID 
conversion begins after the sampling is completed. See figure 14.5 for AID conversion timing and 
table 14.4 for AID conversion times. 

The total conversion time includes to and the input sampling time, as shown in figure 14.5. The 
purpose of to is to synchronize the ADCSR write time with the AID conversion process, therefore 

the duration of to is variable. As a result, the total conversion time ranges as shown in table 14.4. 

In the scan mode, the ranges given in table 14.4 apply to the first conversion. The duration of the 

second and subsequent conversion processes is fixed at 256 states (CKS = 0) or 128 states (CKS = 
1). 

CK 

Address 

Write 
signal 

Input sampling 
timing 

ADF 

tD AID start delay 

*1 

II 
JuuUUL 
hr----
~ 

i 
I 

I -+I------r-----~--------~~}--------~r___ 
I.. tD ... tSPL .. 
I.. tCONV ... 1 

tSPL Input sampling time 

tCONV AID conversion time 

Notes: 1. ADSCR write cycle 

2. ADSCR address 

Figure 14.5 AID Conversion Timing 
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Table 14.4 AID Conversion Time (Single Mode) 

CKS=O CKS= 1 

Item Symbol Min Typ Max Min Typ Max 

AID start delay tD 10 17 6 9 

Input sampling time tSPL 64 32 

Total AID conversion time tCONV 259 266 131 134 

Note: Values are in number of states (tcyc). 

14.4.4 AID Conversion Start by External Trigger Input 

The AID converter can be started when an external trigger is input. The external trigger is input 
from the ADTRG input pin when the trigger enable (TRGE) bit in the AID control register 
(ADCR) is set to 1. When the ADTRG input pin is asserted low, the AID start (ADST) bit in the 
AID control/status register (ADCSR) is set to 1 and the AID conversion begins. All other 
operations are the same as when the ADST bit is set to 1, regardless of whether the mode is single 
or scan. For the timing, see figure 14.6. 

CK 

ADTRG 

External 
trigger signal 

ADST 

~ AID conversion 

Figure 14.6 External Trigger Input Timing 

14.5 Interrupts and DMA Transfer Requests 

The AID converter can generate an AID interrupt (ADI) request at the end of conversion. The ADI 
request is enabled by setting the ADIE bit in the ADCSR to 1, or is disabled by clearing the bit to 
O. When the ADI is generated, the DMAC can be started. DMA transfers can be performed by 
requesting a ADI interrupt by setting the resource select bits (RS3-RSO) of the DMA channel 
control register (CHCR) of the direct memory access controller (DMAC). The ADF bit in the 
ADCSR is automatically cleared to 0 when the DMAC transfers data. 

HITACHI 407 



14.6 Definitions of AID Conversion Accuracy 

The AID converter compares an analog value input from an analog input channel to its analog 
reference value and converts it into 1 O-bit digital data. The absolute accuracy of this AID 
conversion is the deviation between the input analog value and the output digital value. It includes 
the following errors: 

• Offset error 

• Full-scale error 

• Quantization error 

• Nonlinearity error 

These four error quantities are explained below using figure 14.9. In the figure, the 10 bits of the 
ND converter have been simplified to 3 bits. 

Offset error is the deviation between actual and ideal AID conversion characteristics when the 
digital output value changes from the minimum (zero voltage) 0000000000 (000 in the figure) to 
000000001 (001 in the figure)(figure 14.7, item (1». Full-scale error is the deviation between 
actual and ideal AID coriversion characteristics when the digital output value changes from the 
1111111110 (110 in the figure) to the maximum 1111111111 (111 in the figure)(figure 14.9, item 
(2». Quantization error is the intrinsic error of the AID converter and is expressed as 112 LSB 
(figure 14.9, item (3». Nonlinearity error is the deviation between actual and ideal AID conversion 
characteristics between zero voltage and full-scale voltage (figure 14.9, item (4». Note that it does 
not include offset, full-scale or quantization error. 
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Figure 14.7 Definitions of AID Conversion Accuracy 

14.7 AID Converter Usage Notes 

When using the AID converter, note the points listed in section 14.7.1 below. 

14.7.1 Setting Analog Input Voltage 

FS 
Analog input 

voltage 

• Analog Input Voltage Range: During ND conversion, the voltages input to the analog input 

pins ANn should be in the range A V ss $; ANn $; A VREF. 

• Relationships of A Vee and A V ss to Vee and V ss: A Vee, A V ss, Vee and V ss should be 
related as follows: AVec = Vee ± 10%. and A V ss = V ss. If the converter is not used, A V ee = 
Vee and AVSS = VSS· 

o A V ref Input Range: The analog reference voltage input at the A V ref pin should be in the range 

A Vref $; A Vee. If the converter is not used, set A V ref = Vee. 

• When the converter is neither in use nor in standby, connect A Vee and A Vref to the power 
voltage (Vee). 

14.7.2 Handling of Analog Input Pins 

To prevent damage from voltage surges at the analog input pins (ANO-AN7), connect an input 

protection circuit like the one shown in figure 14.8. The circuit shown also includes an RC filter to 

suppress noise. This circuit is shown as an example: The circuit constants should be selec~ed 
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according to actual application conditions. Table 14.4 list the analog input pin specifications and 
figure 14.9 shows an equivalent circuit diagram of the analog input ports. 

AVec 

AVref 

SH microprocessor 

AND-AN? 

AVss 

Notes: 1. 
o 
~ 

10~Ol~F 

Figure 14.8 Example of Analog Input Protection Circuit 

AND-AN? 

j------- ----11--------1 
11.0 kQ II I 
I A I I I 
I v~ II I 

- II I 

: 20 pF I I ~ 1 MQ I 
I r II <> I II I 
: II m- I 
I II I '- ___________ II _______ ..J 

Figure 14.9 Analog Input Pin Equivalent Circuit 

Table 14.5 Analog Input Pin Ratings 

Item Min Max Unit 

Analog input capacitance 20 pF 

Allowable signal-source impedance 3 kQ 
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Section 15 Pin Function Controller 

15.1 Overview 

The pin function controller (PFC) is composed of registers for selecting the function of 
multiplexed pins and the direction of input/output. The pin function and input/output direction can 
be selected for each pin individually without regard to the operating mode of the LSI. Table 15.1 
lists the multiplexed pins. 

Table 15.1 List of Multiplexed Pins 

Function 1 (rel- Function 2 (rel- Function 3 (rel- Function 4 
Port ated module) ated module) ated module) (related module) Pin ## 

A PA 15 I/O (port) IRQ3 input (INTC) DREQ1 input 69 
(DMAC) 

A PA 14 I/O (port) IRQ2 input (INTC) DACK1 output 68 
(DMAC) 

A PA 13 I/O (port) IRQ1 input (INTC) TCLKS input (ITU) DREQO input (DMAC) 67 

A PA12 I/O (port) IRQO input (INTC) TCLKA input (ITU) DACKO output (DMAC) 66 

A PA 11 I/O (port) DPH I/O (D bus) TIOCS1 I/O (lTU) 65 

A PA 10 I/O (port) DPL I/O (0 bus) TIOCA 1 I/O (ITU) 64 

A PA9 I/O (port) AH output (SSC) ADTRG input (AID) IRQOUT output (INTC) 63 

A PA8 I/O (port) SREQ input (system)- 62 

A PA7 I/O (port) SACK output 60 
(system) 

A PA6 I/O (port) RD output (SSC) 59 

A PA5 I/O (port) WRH output (SSC) 58 
(LSS output 
(SSG))*1 

A PA4 I/O (port) WRL output (SSG) 57 
(WR output (SSG))*1 

A PA3 I/O (port) GS7 output (SSG) WAIT input (SSG) 56 

A PA2 I/O (port) CS6 output (SSC) TIOCSO I/O (ITU) 55 

A PA 1 I/O (port) CS5 output (SSC) RAS output (SSC) 54 

A PAO I/O (port) CS4 output (SSG) TIOGAO I/O (ITU) 53 
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Table 15.1 List of Multiplexed Pins (cont) 

Function 1 (rel- Function 2 (rel- Function 3 (rel- Function 4 
Port ated module) ated module) ated module) (related module) Pin # 

B PB 15 I/O (port) IRQ7 input (INTC)- TP15 output (TPC) 2 

B PB 14 I/O (port) IRQ6 input (INTC) TP14 output (TPC) 

B P B 13 I/O (port) IRQ5 input (INTC) SCK1 I/O (SCI) TP13 output (TPC) 112 

B PB12 I/O (port) IRQ4 input (INTC) SCKO I/O (SCI) TP 12 output (TPC) 111 

B PB11 I/O (port) TxD1 output (SCI) TP11 output (TPC) 110 

B PB10 I/O (port) RxD1 input (SCI) TP10 output (TPC) 109 

B PB9 I/O (port) TxDO output (SCI) TP9 output (TPC) 108 

B PB8 I/O (port) RxDO input (SCI) TP8 output (TPC) . 107 

B PB7 I/O (port) TClKD input (ITU) TOCXB4 output TP7 output (TPC) 105 
(ITU) 

B PB6 I/O (port) TClKC input (ITU) TOCXA4 output TP6 output (TPC) 104 
(ITU) 

B PB5 I/O (port) TIOCB4 I/O (ITU) TP5 output (TPC) 103 

B PB4 I/O (port) TIOCA4 I/O (ITU) TP4 output (TPC) 102 

B PB3 I/O (port) TIOCB31/0 (lTU) TP3 output (TPC) 101 

B PB2 I/O (port) TIOCA3 I/O (ITU) TP2 output (TPC) 100 

B PB 1 I/O (port) TIOCB2 I/O (ITU) TP1 output (TPC) 98 

B PBO I/O (port) TIOCA2 I/O (ITU) TPO output (TPC) 97 

C PC7 input (port) AN7 input (AID) 95*2 

C PC6 input (port) AN6 input (AID) 94*2 

C PC5 input (port) AN5 input (AID) 93*2 

C PC4 input (port) AN4 input (AID) 92*2 

C PC3 input (port) AN3 input (AID) 90*2 

C PC2 input (port) AN2 input (AID) 89*2 

C PC1 input (port) AN 1 input (AID) ·88*2 

C PCO input (port) ANO input (AID) 87*2 

CS1 output CASH output (BSC) - 49 
(BSC) 

CS3 output CASl output (BSC) 51 
(BSC) 

INTC: Interrupt controller 

DMAC: Direct memory access controller 

ITU: 16-bit integrated timer pulse unit 

D bus: Data bus control 
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BSC: Bus state controller 

System: System control 

AID: AID converter 

SCI: Serial communications interface 

TPC: Programmable timing pattern controller 

Port: 110 port 

Notes: 1. The bus control register of the bus state controller handles switching between the two 
functions. 

2. The function of port C pins automatically changes to analog input (AND-AN?) when the 
AID converter begins to operate. 

15.2 Register Configuration 

Table 15.2 summarizes the registers of the pin function controller. 

Table 15.2 Pin Function Controller Registers 

Name Abbreviation RIW Initial Value Address Access Size 

Port A I/O register PAIOR R/W H'OOOO H'5FFFFC4 8,16,32 

Port A control register 1 PACR1 R/W H'3302 H'5FFFFC8 8,16,32 

Port A control register 2 PACR2 R/W H'FF95 H'5FFFFCA 8,16,32 

Port B I/O register PBIOR R/W H'OOOO H'5FFFFC6 8,16,32 

Port B control register 1 PBCR1 R/W H'OOOO H'5FFFFCC 8,16,32 

Port B control register 2 PBCR2 R/W H'OOOO H'5FFFFCE 8,16,32 

Column address strobe CASCR R/W H'5FFF H'5FFFFEE 8,16,32 
pin control register 

15.3 Register Descriptions 

15.3.1 Port A I/O Register (PAIOR) 

The port A 110 register (PAl OR) is a 16-bit read/write register that selects input or output for 

individual pins on a bit-by-bit basis. Bits PAISIOR-PAOIOR correspond to pins 
PA1S/IRQ3IDREQI-PAO/CS4fTIOCAO. PAIOR is enabled when the port A pins function as 
input/outputs (PAIS-PAO) and for lTV input capture and output compare (TIOCAI, TIOCAO, 
TIOCBI, and TIOCBO). For other functions, they are disabled. For port A pin functions PAIS­
PAO and TIOCAI, TIOCAO, TIOCB 1, and TIOCBO, a given pin in port A is an output pin if its 
corresponding PAIOR bit is set to 1, and an input pin if the bit is cleared to O. 

PAIOR is initialized to H'OOOO by power-on resets; however, it is not initialized for manual resets, 
standby mode, or sleep mode. \ 
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Bit: 15 14 11 10 9 8 

Bit name: 

Initial value: 0 0 0 0 0 0 0 0 

R1W: RIW RNI RIW RIW RIW RIW RNI RIW 

Bit: 7 4 

Bit name: 

Initial value: 0 0 0 0 0 0 

R1W: RIW RNI RIW RIW RIW RIW RIW RIW 

15.3.2 Port A Control Registers (PACRI and PACR2) 

PACRI and PACR2 are 16-bit read/write registers that select the functions of the sixteen 
multiplexed pins of port A. PACR 1 selects the function of the top eight bits of port A; PACR2 
selects the function of the bottom eight bits of port A. PACR 1 and PACR2 are initialized to 
H'3302 and H'FF95 respectively by power-on resets but are not initialized for manual resets, 
standby mode, or sleep mode. 

PACR1: 

Bit: 15 14 13 12 11 9 8 

Bit name: 

Initial value: 0 0 1 0 1 1 

R1W: RIW RIW R/W RIW RNI RIW 

Bit: 7 6 5 4 3 2 0 

Bit name: 

Initial value: 0 0 0 0 0 0 

R/W: R/W RIW R/W R/W R/W R/W R/W 

• Bits 15 and 14 (PAI5 mode (PAI5MDl and PAI5MDO»: PA15MDI and PA15MDO select the 
function of the PA15/IRQ3fDREQI pin. 
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Bit 15: Bit 14: 
PA15MD1 PA15MDO Function 

o o Input/output (PA 15) (initial value) 

Interrupt request input (IRQ3) 

o Reserved 

DMA transfer request input (DREQ1) 

• Bits 13 and 12 (PAI4 mode (PA14MDI and PAI4MDO»: PAl4MDI and PAl4MDO select the 
function of the PA14/IRQ2/DACKI pin. 

Bit 13: Bit 12: 
PA14MD1 PA14MDO Function 

o o Input/output (PA 14) 

Interrupt request input (IRQ2) 

o Reserved 

DMA transfer acknowledge output (DACK1) (initial value) 

• Bits 11 and 10 (PAI3 Mode (PAI3MDI and PAI3MDO»: PA13MDI and PA13MDO select the 
function of the PA 13/IRQ IIDREQOrrCLKB pin. 

Bit 11: Bit 10: 
PA13MD1 PA13MDO Function 

o o Input/output (PA 13) (initial value) 

Interrupt request input (IRQ1) 

o ITU timer clock input (TCLKB) 

DMA transfer request input (DREQO) 

• Bits 9 and 8 (PAI2 mode (PAI2MDI and PAI2MDO»: These bits select the function of the 
PA12/IRQO/DACKOrrCLKA pin. 

Bit 9: Bit 8: 
PA12MD1 PA12MDO Function 

o o Input/output (PA 12) 

Interrupt request input (IRQO) 

o ITU timer clock input (TCLKA) 

DMA transfer acknowledge output (DACKO) (initial value) 
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• Bits 7 and 6 (PAll mode (PAIIMDI and PAIIMDO)): These bits select the function of the 
PAll/DPHffIOCB 1 pin. 

Bit 7: Bit 6: 
PA11MD1 PA11MDO Function 

o .0 Input/output (PA 11) (initial value) 

Upper data bus parity input/output (DPH) 

o ITU input capture/output compare (TIOGB 1) 

Reserved 

• Bits 5 and 4 (PAlO mode (PAIOMDI and PAIOMDO»: These bits select the function of the 
PAIO/DPLffIOCAI pin. 

Bit 5: Bit 4: 
PA10MD1 PA10MDO Function 

o o Input/output (PA10) (initial value) 

Lower data bus parity input/output (DPL) 

o ITU input capture/output compare (TIOCA 1) 

Reserved 

• Bits 3 and 2 (PA9 mode (PA9MDI and PA9MDO»: These bits select the function of the 
PA91 AHIIRQOUT I ADTRG pin. 

Bit 3: Bit 2: 
PA9MD1 PA9MDO Function 

o o Input/output (PA9) (initial value) 

Address hold output (AH) 

o AID conversion trigger input (ADTRG) 

Interrupt request output (IRQOUT) 

• Bit 1 (reserved): This bit always reads as 1. The write value should always be 1. 

• Bit 0 (PA8 mode (PA8MD»: PA8MD selects the function of the PA8IBREQ. 

Bit 0: PA8MD Function 

o Input/output (PA8) (initial value) 

Bus request input (BREQ) 
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PACR2: 

Bit: 15 14 13 12 11 10 9 8 

Bit name: I I PA7MD I I PA6MD I I PA5MD I I PA4MD I 
Initial value: 1 ·1 1 1 

R1W: RIW RIW RIW RIW 

Bit: 7 6 5 4 3 2 1 0 

Bit name: IPA3MD11PA3MDOlpA2MD11PA2MDOlpA1MD11PA1MDOlpAOMD11PAOMDol 

Initial value: 1 0 0 1 0 1 0 1 

R1W: RIW RIW RIW RIW RIW RIW RIW R/W 

• Bit 15 (reserved): This bit always reads as 1. The write value should always be 1. 

• Bit 14 (PA7 mode (PA7MD»: PA7MD selects the fu~ction of the PA7/BACK pin. 

Bit 14: PA7MD Function 

o Input/output (PA7) 

Bus request acknowledge output (BACK) (initial value) 

• Bit 13 (reserved): This bit always reads as 1. The write value should always be l. 

• Bit 12 (PA6 mode (PA6MD»: PA6MD selects the function of the PA6/RD pin. 

Bit 12: PA6MD Function 

o Input/output (PA6) 

Read output (RD) (initial value) 

• Bit 11 (reserved): This bit always reads as 1. The write value should always be 1. 

• Bit 10 (PA5 lJlode (PA5MD»: PA5MD selects the function of the PA5IWRH (LBS) pin. 

Bit 10: PA5MD Function 

o Input/output (PA5) 

Upper write output (WRH) or lower byte strobe output (LBS) (initial value) 

• Bit 9 (reserved): This bit always reads as 1. The write value should always be 1. 
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• Bit 8 (PA4 mode (PA4MD)): PA4MD selects the function of the PA4IWRL (WR) pin. 

Bit 8: PA4MD Function 

o Input/output (PA4) 

Lower write output (WRL) or write output (WR) (initial value) 

• Bits 7 and 6 CPA3 mode (PA3MDl and PA3MDO»: PA3MDl and PA3MDO select the function 
of the PA3/CS7/w AIT pin. This pin has a pull-up MOS that is used when it functions as a 

WAIT pin to allow selection of-pull up or no pull up (for the WAIT pin) using the wait state 
control register of the bus state controller (BSC). There is no pull up when if functions as PA3 
or CS7. 

Bit 7: PA3MD1 Bit 6: PA3MDO Function 

o 0 Input/output (PA3) 

Chip select output (CS7) 

o Wait state input (WAIT) (initial value) 

Reserved 

• Bits Sand 4 (PA2 mode (PA2MDl and PA2MDO»: PA2MDI and PA2MDO s~lect the function 
of the PA2/CS6ffIOCBO pin. 

Bit 5: PA2MD1 Bit 4: PA2MDO Function 

o 0 Input/output (PA2) 

Chip select output (CS6) (initial value) 

o ITU input capture/output compare (TIOCBO) 

Reserved 

• Bits 3 and 2 (pAl mode (PAIMDI and PAIMDO»: PAIMDI and PAIMDO select the function 
of the P A l/CSSIRAS pin. 

Bit 3: PA1MD1 Bit 2: PA1MDO Function 

o 0 Input/output (PA 1) 

Chip select output (CS5) (initial value) 

o Row address strobe output (RAS) 

Reserved 
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• Bits I and 0 (PAO mode (PAOMDI and PAOMDO»: PAOMDI and PAOMDO select the function 
of the PAO/CS4ITIOCAO pin. 

Bit 1: PAOMD1 Bit 0: PAOMDO Function 

o 0 Input/output (PAO) 

Chip select output (CS4) (initial value) 

o ITU input capture/output compare (TIOCAO) 

Reserved 

15.3.3 Port B 110 Register (PBIOR) 

The port B I/O register (PBIOR) is a I6-bit read/write register that selects input or output for 
individual pins on a bit-by-bit basis. Bits PB I510R-PBOIOR correspond to pins of port B. PBIOR 
is enabled when the port B pins function as input/outputs (PB I5-PBO), for lTV input capture and 
output compare (TIOCA4, TIOCA3, TIOCA2, TIOCB4, TIOCB3, and TIOCB2), and as serial 
clocks (SCKI, SCKO). For other functions, they are disabled. For port B pin functions PB I5-PBO, 
and TIOCA4, TIOCA3, TIOCA2, TIOCB4, TIOCB3, and TIOCB2, and SCKlISCKO, a given pin 

in port B is an output pin if its corresponding PBIOR bit is set to 1, and an input pin if the bit is 
cleared to O. 

PBIOR is initialized to H'OOOO by power-on resets; however, it is not initialized for manual resets, 
standby mode, or sleep mode. 

Bit: 15 14 13 12 10 8 

Bit name: 

Initial value: 0 0 0 0 0 0 0 

RIW: RIW RIW RIW RIW RIW RIW RIW 

Bit: 6 3 2 

Bit name: 

Initial value: 0 0 0 0 0 0 0 0 

RIW: RIW RIW RIW RIW RIW RIW RIW RIW 
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15.3.4 Port B Control Registers (PBCRI and PBCR2) 

PBCRI and PBCR2 are 16-bit read/write registers that select the functions of the sixteen 
multiplexed pins of port B. PBCRI selects the function of the top eight bits of port B; PBCR2 

selects the function of the bottom eight bits of port B. PBCR 1 and PBCR2 are initialized to H'OOOO 
by power-on resets but are not initialized for manual resets, standby mode, or sleep mode. 

PBCRl: 

Bit: 14 12 11 10 9 8 

Bit name: 

Initial value: 0 0 0 0 0 0 0 0 

R1W: RIW RNI R/W R/W R/W RNI RNI RNI 

Bit: 6 5 4 3 0 

Bit name: 

Initial value: 0 0 0 0 0 0 

R1W: RIW RNI RIW RNI RNI RNI RNI 

• Bits 15 and 14 (PBlS mode (PBlSMDI and PBlSMDO»: PBISMDI and PBlSMDO select the 
function of the PBlSrrplS/IRQ7 pin. 

Bit 15: PB15MD1 Bit 14: PB15MDO Function 

o o Input/output (PB 15) (initial value) 

Interrupt request input (IRQ7) 

o Reserved 

Timing pattern output (TP15) 

• Bits 13 and 12 (PB14 mode (PBI4MDI and PBI4MDO»: PB14MDI and PB14MDO select the 
function of the PB14rrP14IIRQ6 pin. 

Bit 13: PB14MD1 Bit 12: PB14MDO Function 

o 0 Input/output (PB14) (initial value) 

Interrupt request input (lRQ6) 

o Reserved 

Timing pattern output (TP14) 
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• Bits 11 and 10 (PBI3 mode (PB13MDI and PBI3MDO»: PB13MDI and PB13MDO select the 
function of the PB 13trP 13/IR Q5/SCK 1 pin. 

Bit 11: PB13MD1 Bit 10: PB13MDO Function 

o 0 Input/output (PB 13) (initial value) 

Interrupt request input (IAQS) 

o Serial clock input/output (SCK1) 

Timing pattern output (TP13) 

• Bits 9 and 8 (PBI2 mode (PBI2MDI and PBI2MDO»: PB12MDI and PBl2MDO select the 
function of the PB 12trP12/IRQ4/SCKO pin. 

Bit 9: PB12MD1 Bit 8: PB12MDO Function 

o o Input/output (PB12) (initial value) 

I nterrupt request input (IRQ4) 

o Serial clock input/output (SCKO) 

Timing pattern 'output (TP12) 

• Bits 7 and 6: PB 11 mode (PB11MDI and PB11MDO): PBIIMDI and PB11MDO select the 
function of the PB 11trPllfTxD 1 pin. 

Bit 7: PB11 MD1 Bit 6: PB11 MDO Function 

o o Input/output (PB 11) (initial value) 

Reserved, 

,0 Transmit data output (TxD1) 

Timing pattern output (TP11) 

• Bits 5 and 4 (PB 10 mode (PB 1 OMD 1 and PB 10MDO): PB 1 OMD 1 and PB 10MDO select the 
function of the PB 10fTPIOIRxDI pin. 

Bit 5: PB10MD1 Bit 4: PB10MDO Function 

o o Input/output (PB 10) (initial value) 

Reserved 

o Receive data input (RxD1) 

Timing pattern output (TP1 0) 
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• Bits 3 and 2 (PB9 mode (PB9MDI and PB9MDO»: PB9MDl and PB9MDO select the function 
of the PB9ffP9{fxDO pin. 

Bit 3: PB9MD1 Bit 2: PB9MDO Function 

o o Input/output (PB9) (initial value) 

Reserved 

o Transmit data output (TxDO) 

Tim ing pattern output (TP9) 

• Bits 1 and 0 (PBS mode (PBSMDI and PBSMDO»: PBSMDI and PBSMDO select the function 
of the PBSffPSlRxDO pin. 

Bit 1: PB8MD1 Bit 0: P88MDO Function 

o o Input/output (PB8) (initial value) 

Reserved 

o Receive data input (RxDO) 

Timing pattern output (TP8) 

PBCR2: 

Bit: 15 14 13 12 11 10 9 8 

Bit name: \ PB7MD1\ PB7MDO \ PB6MD1\ PB6MDO I PB5MD11 PB5MDOI PB4MD11 PB4MDOI 

Initial value: 0 0 0 0 0 0 0 0 

RIW: RIW RIW RIW RIW RIW RIW RIW RIW 

Bit: 7 6 5 4 3 2 1 0 

Bit name: IPB3MD11PB3MDOlpB2MD11PB2MDOlpB1MD11PB1MDOlpBOMD11PBOMDol 

Initial value: 0 0 0 0 0 0 0 0 

RIW: RIW RIW RIW RIW RIW RIW RIW RIW 
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• Bits IS and 14 (PB7 mode (PB7MDI and PB7MDO»: PB7MDI and PB7MDO select the 
function of the PB7rrp7rrOCXB4rrCLKD pin. 

Bit 15: Bit 14: 
PB7MD1 PB7MDO Function 

o o Input/output (PB7) (initial value) 

ITU timer clock input (TClKD) 

o ITU output compare (TOCXB4) 

Timing pattern output (TP7) 

• Bits 13 and 12 (PB6 mode (PB6MDI and PB6MDO»: PB6MDI and PB6MDO select the 
function of the PB6ffP6ffOCXA4fTCLKC pin. 

Bit 13: Bit 12: 
PB6MD1 PB6MDO Function 

o o Input/output (PB6) (initial value) 

ITU timer clock input (TClKC) 

o ITU output compare (TOCXA4) 

Timing pattern output (TP6) 

• Bits 11 and 10 (PBS mode (PBSMDI and PBSMDO»: PBSMDI and PBSMDO select the 
function of the PBS/TPS/TIOCB4 pin. 

Bit 11: Bit 10: 
PB5MD1 PB5MDO Function 

o o Input/output (PB5) (initial value) 

Reserved 

o ITU input capture/output compare (TIOCB4) 

Timing pattern output (TP5) 

• Bits 9 and 8 (PB4 mode (PB4MDI and PB4MDO»: PB4MDI and PB4MDO select the function 
of the PB41TP4ffIOCA4 pin. 

Bit 9: PB4MD1 Bit 8: PB4MDO Function 

o o Input/output (PB4) (initial value) 

Reserved 

o ITU input capture/output compare (TIOCA4) 

Timing pattern output (TP4) 
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• Bits 7 and 6 (PB3 mode (PB3MDI and PB3MDO»: PB3MDI and PB3MDO select the function 
of the PB3ffP3ffIOCB3 pin. 

Bit 7: PB3MD1 Bit 6: PB3MDO Function 

o 0 Input/output (PB3) (initial value) 

Reserved 

o ITU input capture/output compare (TIOCB3) 

Timing pattern output (TP3) 

• Bits 5 and 4 (PB2 mode (PB2MDI and PB2MDO»: PB2MDI and PB2MDO select the function 
of the PB2ffP2ffIOCA3 pin. 

Bit 5: PB2MD1 Bit 4: PB2MDO Function 

o 0 Input/output (PB2) (initial value) 

Reserved 

o ITU input capture/output compare (TIOCA3) 

Timing pattern output (TP2) 

• Bits 3 and 2 (PBI mode (PBIMDI and PBIMDO»: PBIMDI and PBIMDO select the function 
of the PB IffPlffIOCB2 pin. 

Bit 3: PB1MD1 Bit 2: PB1MDO Function 

o o Input/output (PB 1) (initial value) 

Reserved 

o ITU input capture/output compare (TIOCB2) 

Timing pattern output (TP1) 

• Bits 1 and 0 (PBO mode (PBOMDI and PBOMDO»: PBOMDI and PBOMDO select the function 
of the PBOffPOffIOCA2 pin. 

Bit 1: PBOMD1 Bit 0: PBOMDO Function 

o o Input/output (PBO) (initial value) 

Reserved 

o ITU input capture/output compare (TIOCA2) 

Timing pattern output (TPO) 
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15.3.5 Column Address Strobe Pin Control Register (CASCR) 

CASCR is a 16-bit read/write register that allows selection between column address strobe and 
chip select pin functions. The CASCR is initialized to H'SFFF by power-on resets but is not 
initialized for manual resets, standby mode, or sleep mode. 

Bit: 15 14 13 12 11 10 9 

Bit name: I CASH CASH CASL CASL 
M01 MOO M01 MOO 

Initial value: 0 1 0 1 

R1W: RIW RIW RIW RIW 

Bit: 7 6 5 4 3 2 

Bit name: I 
Initial value: 

R1W: 

• Bits IS and 14 (CASH mode (CASHMDI and CASHMDO»: CASHMDI and CASHMDO 
select the function of the CS 1 ICASH pin. 

Bit 15: Bit 14: 
CASHMD1 CASHMDO Function 

o o Reserved 

Chip select output (CS1) (initial value) 

o Column address strobe output (CASH) 

Reserved 

8 

0 

• Bits 13 and 12 (CASL mode (CASLMDI and CASLMDO»: CASLMDI and CASLMDO select 
the function of the CS3/CASL pin. 

Bit 13: Bit 12: 
CASLMD1 CASLMDO Function 

o o Reserved 

Chip select output (CS3) (initial value) 

o Column address strobe output (CASL) 

Reserved 

• Bits 11-0 (reserved): This bit always reads as 1. The write value should always be 1. 
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Section 16 Parallel I/O Ports 

16.1 Overview 

There are three ports, A, Band C. Ports A and B are 16-bit IIOports, while port C is an 8-bit input 
port. The pins of the ports are all multiplexed for use as general-purpose IIOs (or inputs in the case 
of port C) or for other functions. (Use the pin function controller (PFC) to select the function of 
multiplexed pins.) Ports A, Band C each have one data register for storing pin data. 

16.2 Port A 

Port A is a 16-pin input/output port, as shown in figure 16.1. The PA3/CS7 /WAIT pin of port A 
has a pull-up MOS so that when it is functioning as a WAIT pin, the wait state control register of 
the bus state controller can be used to select whether to pull up the WAIT pin or not. It is not 
pulled up when the pin is functioning as either P A3 or CS7. 

Port A 

PA15 (Input/output)/IRQ3 (Input)/DREQ1 (Input) 

PA14 (Input/output)/IRQ2 (Input)/DACK1 (Output) 

PA13 (Input/output)/IRQ1 (Input)/DREQO (Input)fTCLKB (Input) 

PA12 (Input/output)/IRQO (Input)/DACKO (Output)ffCLKA (Input) 

PA11 (Input/output)/DPH (Inputioutput)fTIOCB1 (Input/output) 

PA1Q (Input/output)/DPL (Input/output)fTIOCA 1 (Input/output) 

PAg (Input/output)/AH (Output)/IRQOUT (Output)/ADTRG (Input) 

PAs (Input/output)/BREQ (Input) 

PA7 (Input/output)/BACK (Output) 

PA6 (Input/output)/RD (Output) 

PA5 (lnput/output)/wRH (Output) (LBS (Output)) 

PA4 (Input/output)/wRL (Output) (WR (Output)) 

PA3 (Input/output)/CS7 (Output)/wAIT (Input) 

PA2 (Input/output)/CS6 (Output)ffIOCBO (Input/output) 

PA1 (Input/output)/CS5 (Output)/RAS (Output) 

PAo (Input/output)/CS4 (Output)fTIOCAO (Input/output) 

Figure 16.1 Port A Configuration 

16.2.1 Register Configuration 

Table 16.1 summarizes the port A register. 
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Table 16.1 Port A Register 

Name Abbreviation RIW Initial Value Address Access Size 

Port A data register PADR R/W H'OOOO H'5FFFFCO 8, 16, 32 

16.2.2 Port A Data Register (PADR) 

PADR is a 16-bit read/write register that stores data for port A. The bits PA 15DR-PAODR 
correspond to the PA15/IRQ3IDREQI-PAO/CS4ffIOCAO pins. When the pins are used as 
ordinary outputs, they will output whatever value is written in the PADR; when PADR is read, the 
register value will be output regardless of the pin status. When the pins are used as ordinary inputs, 
the pin status rather than the register value is read directly when P ADR is read. When a' value is 
written to PADR, that value can be written into P ADR, but it will not affect the pin status. Table 
16.2 shows the read/write operations of the port A data register. 

PADR is initialized by a power-on reset. However, PADR is not initialized for manual reset, 
standby mode, or sleep mode. 

Bit: 15 14 13 12 11 10 9 8 

Bit name: IPA15DRI PA14DRlpA13DRI PA12DRI PA11DRlpA10DRI PA9DR I PA8DR I 
Initial value: 0 0 0 0 0 0 0 0 

R/W: RIW RNJ R/W RIW RIW RIW RNJ RIW 

Bit: 7 6 5 4 3 2 1 0 

Bit name: I PA7DR I PA6DR I PA5DR I PA4DR I.pA3DR I PA2DR I PA1DR I PAODR I 
Initial value: 0 0 0 0 0 0 0 0 

R1W: RIW RNJ RIW RIW RIW RIW RNJ RIW 

Table 16.2 ReadlWrite Operation of the Port A Data Register (PADR) 

PAIOR Pin Status Read Write 

0 Input Pin status Can write to PADR, but it has no effect on pin 
status. 

Other function Pin status Can write to PADR, but it has no effect on pin 
status. 

Output PADR value Value written is output by pin 

Other function PADR value Can write to PADR, but it has no effect on pin 
status. 
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16.3 Port B 

Port B is a 16-bit input/output port as shown in figure 16.2. 

Port B 

PB15 (Input!output)fTP15 (Output)/IRQ7 (Input) 

PB14 (Input!output)fTP14 (Output)/IRQ6 (Input) 

PB13 (Input!output)fTP13 (Output)/IRQ5 (Input)/SCK1 (Input/output) 

PB12 (Input!output)fTP12 (Output)/IRQ4 (lnput)/SCKO (Input/output) 

PB11 (Input!output)fTP11 (Output)fTxD1 (Output) 

PB10 (Input!output)fTP1o (Output)/RxD1 (Input) 

PBg (Input!output)fTPg (Output)fTxDO (Output) 

PBs (Input!output)fTPs (Output)/RxDO (Input) 

PB7 (Input!output)fTP7 (Output)fTOCXB4 (Output)fTCLKD (Input) 

PB6 (Input!output)ffP6 (Output)ffOCXA4 (Output)ffCLKC (Input) 

PB5 (Input!output)fTP5 (Output)fflOCB4 (Output) 

PB4 (Input!output)ffP 4 (Output)ffIOCA4 (Output) 

PB3 (Input!output)fTP3 (Output)fTlOCB3 (Input!output) 

PB2 (Input!output)fTP2 (Output)fTlOCA3 (Input!output) 

PB1 (Input!output)ffP1 (Output)fTlOCB2 (Input/output) 

PBo (Input!output)ffPo (Output)fflOCA2 (Input!output) 

Figure 16.2 Port B Configuration 

16.3.1 Register Configuration 

Table 16.3 summarizes the port B register. 

Table 16.3 Port B Register 

Name Abbreviation RIW Initial Value Address Access Size 

Port B data register PBDR RIW H'OOOO H'5FFFFC2 8, 16, 32 
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16.3.2 Port B Data Register (PBDR) 

PBDR is a 16-bit read/write register that stores data for port B. The bits PB 15DR-PBODR 

correspond to the PB 15ITP15/IRQ7-PBOITPOITIOCA2 pins. When the pins are used as ordinary 
outputs, they will output whatever value is written in the PBDR; when PBDR is read, the register 
value will be output regardless of the pin status. When the pins are used as ordinary inputs, the pin 
status rather than the register value is read directly when PBDR is read. When a value is written to 
PBDR, that value can be written into PBDR, but it will not affect the pin status. When the pin 
function is set to timing pattern output and the TPC output is enabled by the TPC next data enable 

register (NDER), no value can be written to PBDR. Table 16.4 shows the read/write operations of 
the port B data register. 

PBDR is initialized by a power-on reset. However, PBDR is not initialized for a manual reset, 
standby mode, or sleep mode. 

Bit: 15 14 13 12 11 10 9 8 

Bit name: \PB15DR\PB14DR\PB13DR\PB12DRlpB11DRlpB10DRI PB9DR I PB8DR I 
Initial value: 0 0 0 0 0 0 0 0 

R1W: RIW RNY RIW RIW RIW RIW RNY RIW 

Bit: 7 6 5 4 3 2 1 0 

Bit name: \ PB7DR \ PB6DR I PB5DR I PB4DR I PB3DR I PB2DR I PB 1 DR I PBODR I 
Initial value: 0 0 0 0 0 0 0 0 

R1W: RIW RNY RIW RIW RIW RIW RNY RIW 

Table 16.4 ReadlWrite Operation of the Port B Data Register (PBDR) 

PBIOR Pin Status 

0 Input 

TPn 

Other function 

Output 

TPn 

Other function 

TPn: Timing pattern output 
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Read 

Pin status 

Pin status 

Pin status 

PBDR value 

PBDR value 

PBDR value 

Write 

Can write to PBDR, but it has no effect on pin 
status 

Disabled 

Can write to PBDR, but it has no effect on pin 
status 

Value written is output by pin 

Disabled 

Can write to PBDR, but it has no effect on pin 
status 



16.4 Port C 

Port C is an eight-bit input port as shown in figure 16.3. 

Port C 

PC? (Input)/AN7 (Input) 

PC6 (Input)/AN6 (Input) 

PCs (Input)/ANS (Input) 

PC4 (lnput)/AN4 (Input) 

PC3 (lnput)/AN3 (Input) 

PC2 (Input)/AN2 (Input) 

PC1 (lnput)/AN1 (Input) 

PCa (Input)/ANO (Input) 

Figure 16.3 Port C Configuration 

16.4.1 Register Configuration 

Table 16.5 summarizes the port C register. 

Table 16.5 Port C Register 

Name Abbreviation RIW Initial Value Address 

Port C data register PCDR RIW H'SFFFFDO 

Access Size 

8,16,32 
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16.4.2 Port C Data Register (PCDR) 

PCDR is an 16-bit read-only register that stores data for port C (bits 15-8 can be written to, but are 
ignored and always read as undefined). The bits PC7DR-PCODR correspond to the PC7/AN7-
PCOI ANO pins respecti vely. Any values written to these bits will be ignored and will not affect pin 
status. When the bits are read, the pin status rather than the bit value is read directly. When analog 
input of the AID converter is being sampled, however, every bit reads as 1. Table 16.6 shows the 
read/write operations for the port C data register (bits 7-0). 

PCDR is hot initialized by power-on resets, manual resets, standby mode, or sleep mode (bits 15-8 
are always undefined; bits 7-0 always reflect the pin status). 

Bit: 15 14 13 12 11 10 9 8 

Bit name: I 
Initial value: 

R1W: R R R R R R R R 

Bit: 7 6 5 4 3 2 1 0 

Bit name: I PC7DR I PC6DR I PC5DR I PC4DR I PC3DR I PC2DR I PC1 DR I PCODR I 
Initial value: 

RIW: 
*. Not determined 

R 

* 

R 

* 

R R R R 

Table 16.6 Read/Write Operation of the Port C Data Register (PCDR) 

Pin I/O Pin Function Read Write 

Input General purpose Pin status read Ignored (no effect on pin status) 

ANn Reads as 1 Ignored (no effect on pin status) 

ANn: Analog input 
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Section 17 ROM 

17.1 Overview 

The SH7034 microcomputer has 64 kbytes of on-chip ROM (rriask ROM or PROM). The on-chip 
ROM is connected to the CPU and the direct memory access controller (DMAC) through a 32-bit 
data bus (figure 17.1). The CPU can access the on-chip ROM in 8-, 16- and 32-bit widths and the 

DMAC can access the ROM in 8- and 16-bit widths. Data in the on-chip ROM can always be 
accessed in one cycle. 

Internal data bus (32 bits) 

H'OOOOOOO H'0000001 H'0000002 H'0000003 

H'0000004 H'0000005 H'0000006 H'0000007 

"I 
On-chip ROM 

H'OOOFFFC H'OOOFFFD H'OOOFFFE H'OOOFFFF 

Note: The addresses shown in the figure are the first shadow addresses in the on-chip ROM 
space. 

Figure 17.1 Block Diagram of ROM 

The operating mode determines whether the on-chip ROM is valid or not. The operating mode is 

selected using mode-setting pins MDO-MD2 as shown in table 17.1. If you are using the on-chip 
ROM, select mode 2; if you are not, select mode 0 or 1. The on-chip ROM is allocated to address 
H'OOOOOOO-H'OOOFFFF of memory area O. Memory area 0 (H'OOOOOOO-H'OFFFFFF and 
H'8000000-H'8FFFFFF) is divided into 64-kbyte shadows. No matter which shadow is accessed, 

the on-chip ROM is accessed. See section 8, Bus State Controller, for more information on 
shadows. 
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Table 17.1 Operating Modes and ROM 

Operating Mode 

Mode 0 (MCU mode 0) 

Mode 1 (MCU mode 1) 

Mode 2 (MCU mode 2) 

Mode 7 (PROM mode) 

0: Low 
1: High 

Mode Setting Pin 

M02 M01 MOO 

o o o 
o o 
o o 

Area 0 

On-chip ROM invalid, external 8-bit space 

On-chip ROM invalid, external 16-bit space 

On-chip ROM valid 

When the SH7034 is set to PROM mode, the PROM version can write programs exactly like 
ordinary EPROM using a general purpose EPROM writer. 

17.2 PROM Mode 

17.2.1 Setting the PROM Mode 

To program the on-chip PROM, set the pins as shown in figure 17.2 and use the chip in PROM 
mode. 

17.2.2 Socket Adapter Pin Correspondence and Memory Map 

Mount the socket adapter (HS7030ESHOIH) to the SH7034 as shown in figure 17.2. This allows 
the on-chip PROM to be programmed in exactly the same way as ordinary 32-pin EPROMs 
(HN27CI0l). Figure 17.2 shows the correspondence of SH7034 pins and HN27CI0l pins. Figure 
17.3 shows the memory map of the on-chip ROM. 

The address range of the HN27CI0l (128 kbytes) is H'OOOOO--H'IFFFF. The on-chip PROM (64 

kbytes) is not found in the latter half (H'1000-H'IFFFF). When programming with a PROM 
writer, the program address range must be set to H'OOOO-H'FFFF. The data for the H'10000-

H'IFFFF address area of the PROM writer should all be H'FF. 
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SH7034 EPROM Socket HN27C101 
Pin Number Pin Name __ ~~~p"~~r __ Pin Name Pin Number 

77 Vpp I I 

Vpp 1 I I 

76 NMI 
I 

A9 26 I 
I I 

4 ADO I 1/00 13 I 
I I 

1/01 5 AD1 I I 14 
6 AD2 

I I 

1/02 15 
I I 

7 AD3 
I I 

1/03 17 
I I 

8 AD4 
I 1/04 18 I 
I I 

9 AD5 I 1/05 19 I 
I I 

1/06 10 AD6 I I 20 
11 AD7 

I I 

1/07 21 
I I 

23 AO/HBS 
I I 

AO 12 
I I 

24 A1 
I A1 11 I 
I 

25 A2 
, 

I A2 10 I 
I I 

A3 26 A3 I I 9 
27 A4 

I I 

A4 8 
I I 

28 AS 
I I 

AS 7 , , 
29 A6 

I 

A6 6 , , 
I 

30 A7 I A7 5 I I 

I I 

A8 32 A8 , I 27 
33 A9 

I I 

OE 24 , I 

34 A10 
, , 

A10 23 I 
I , 

35 A11 
, 

A11 25 I 
I , 

36 A12 I A12 4 , I 

I I 

A13 37 A13 I I 28 
38 A14 

I 
, 

A14 29 
I 

, 
39 A15 I I 

A15 3 I 
I , 

41 A16 
I A16 2 I , 

55 PA2/CS6fTIOCBO 
I 

I PGM 31 , I 

I 
, 

CE 56 PA3/CS71W AIT , , 22 
42 A17 

I I 

Vcc 32 
I 

, 
44 A18 ~ r--:- Vss 16 

15 43 70, 75 83 84 99 Vr:r: ~ 
80 MOO ~ • Vpp: PROM program 

81 MD1 r+- power adapter 

82 MD2 r-i- • A 16-AO: Address input 

85 86 AVcc, AVref r-+- • 1/07-1/00: Data input! 
I output 

79 RES , 
• OE: Output enable 

3, 12,22,31,40, Vss i • PGM: Program enable 
52,61,72,96,106 • CE: Chip enable 

87-90,92-95 PCOI ANa-PC31 AN3 
PC4/AN4-PC7/AN7 I 

I I , , 
91 AVss 

I 
, I ... ___________ 1 

Pin other than the above NC (release) 

Figure 17.2 Correspondence Between SH7034 Pins and HN27C101 Pins 
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Addresses in MCU 
modes 0, 1, and 2* 

H'OOOOOOO 

HOOOFFFF 

On-chip 
ROM space 

(area 0) 

Addresses in 
PROM mode 

H'OOOO 

H'FFFF 

Note: Addresses in the figure are the uppermost shadow addresses of the on-chip ROM 
space. 

Figure 17.3 Memory Map of On-chip ROM 

17.3 PROM Programming 

The write/verify specifications in PROM mode are the same as for the standard EPROM 
HN27CI01. The page program system is not supported, so do not set the PROM writer to the page 
programming mode. Naturally, PROM writers that only support the page programming mode 
cannot be used. When selecting a PROM writer, check that the high-speed, high-reliability 
programming system for each byte is supported. 

17.3.1 Selecting the Programming Mode 

There are two on-chip PROM programming modes: write and verify (which reads and confirms 
the data written). Use the pins to select the modes (table 17.2). 
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Table 17.2 Select PROM Programming Mode 

Mode 

Write 

Verify 

Program inhibit 

Symbols: 
0: Low 
1: High 
V pp: V pp level 

Vee: Vee level 

CE 

0 

0 

0 

0 

Pin 

OE PGM Vpp Vee 

0 Vpp Vee 

0 

0 0 

0 0 

U07-UOO 

Data input 

Data output 

High impedance 

17.3.2 WriteNerify and Electrical Characteristics 

A16-AO 

Address input 

WriteNerify: Write/verify can be accomplished by an efficient high-speed high-reliability 
programming system. This system can write data quickly and accurately without placing voltage 

stress on the device. The basic flowchart for this high-speed, high-reliability programming system 
is shown in figure 17.4. 
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Yes 

Vee: Power supply 
V pp: PROM program power supply 
tpw: Initial programming pulse width 

topw: Over programming pulse width 

Start ~ 

Set EPROM writer to 
write/verify mode 

(Vee = 6.0 V ± 0.25 V, 
Vpp = 12.5 V ± 0.3 V) 

Set EPROM 
writer to read mode 

(Vee = 5.0 V ± 0.25 V, 
Vpp = Ved 

No 

Figure 17.4 Basic Flowchart of High-Speed High-Reliability Programming 
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Electrical Characteristics: Tables 17.3 and 17.4 show the electrical characteristics of 
programming. Figure 17.5 shows the timing. 

Table 17.3 DC Characteristics (Vee = 6.0 V ± 0.25 V, V pp = 12.5 ± 0.3 V, V ss = 0 V, Ta = 
25 ± 5°C) 

Measurement 
Item Pins Symbol Min Typ Max Unit Conditions 

Input high 1/07-1/00, A 16-AO, V1H 2.4 Vee + 0.3 V 
voltage OE, CE, PGM 

Input low 1/07-1/00, A 16-AO, VIL -0.3 0.8 V 
voltage OE, GE, PGM 

Output high 1/07-1/00 VOH 2.4 V IOH = -200 IlA 
voltage 

Output low 1/07-1/00 VOL 0.45 V IOL = 1.6 rnA 
voltage 

Input leak 1/07-1/00, A 16-AO, lIu l 2 IlA VIN = 5.25 V/O.5 V 
current OE, CE, PGM 

Vee current Icc 40 rnA 

Vpp current Ipp 40 rnA 
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Table 17.4 AC Characteristics (Vee = 6.0 V ± 0.25 V, Vpp = 12.5 ± 0.3 V, VSS = 0 V, Ta = 
25 ± 5°C) 

Measurement 
Item Symbol Min Typ Max Unit Conditions 

Address setup time tAS 2 ~s Figure 17.5*1 

OE setup time tOEs 2 ~s 

Data setup time tos 2 ~s 

Address hold time tAH 0 ~s 

Data hold time tOH 2 ~s 

Data output disable time tOF*2 130 ns 

V pp setup time tvps 2 !-is 

PGM pulse width in initial programming tpw 0.19 0.20 0.21 ms 

PGM pulse width in over programming topW*3 0.19 5.25 ms 

VCC setup time tvcs 2 !-is 

CE setup time tCES 2 Ils 

Data output delay time tOE 0 150 ns 

Notes: 1. Input pulse level: 0.45-2.4 V 
Input rise, fall time :5 20 ns 
Input timing reference levels: 0.8 V, 2.0 V 
Output timing reference levels: 0.8 V, 2.0 V 

2. tOF is defined as when output reaches the release state and the output level could not 
be referenced. 

3. topw is defined as the value given in the flowchart. 
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Write ~I Verify 
~ 

Address 

tAS 

Data Write data 

tos I tOF I 
I~ 

Vpp 
Vpp 

I 

Vee tvps 

Vee 
Vee + 1 j ~, 

i I 
Vee I tves I I I I I 

~ 
I I 
I' 

i i 
I I 

CE "l\ i 
I! 
i I 

! I ! I 
I t i : 

i i lei eEs .. i I 
: I ! i i 

PGM M 
I, 

: ! 

tOES 
i: 

tOE 
~ ~ 14 ~~ .. 

[ I (topw) I 

+1 OE f 
Note: topw is defined as the value given in the flowchart. 

Figure 17.5 WriteNerify Timing 

17.3.3 Points to Note About Writing 

1. Always write using the prescribed voltage and timing. The write voltage (programming 
voltage) Vpp is 12.5 V (when the EPROM writer is set to the Hitachi specifications for 

HN27C101, Vpp becomes 12.5 V.) Applying a voltage in excess of the rated voltage may 
damage the device. Pay particular attention to overshooting in the EPROM writer. 

2. Before programming, always check that the indexes of the EPROM writer socket, socket 
adapter, and devices are consistent with each other. If they are not mounted in the proper 
location, an overcurrent may be generated, damaging the device. 

3. Do not touch the socket adapter or device during writing. Contact can cause malfunctions that 
prevent data from being written accurately. 
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4. You cannot write in the page programming mode. Always set the equipment to the byte 
programming mode. 

5. The capacity of the on-chip ROM is 64 kbytes, so the data of PROM writer addresses 
H'lOOOO-H'lFFFF should be H'FF. Always set the range for PROM addresses to H'OOOO­
H'FFFF. 

6. When write errors occur on consecutive addresses, stop writing. Check to see if there are any 
abnormalities in the EPROM writer and socket adapter. 

17.3.4 Reliability After Writing 

After programming, we recommend letting the device stand at high temperature (125-150°C) for 

24-48 hours to increase the reliability of data retention. Letting it s~nd at high temperature is a 
type of screening method that can get rid of initial data retention defects of the on-chip PROM's 
memory cell within a short period of time. Figure 17.6 shows the flow from programming of the 
on-chip PROM, including screening, to mounting on the device board. 

Writing and verification } Flow chart 
of program from figure 17.4 

~--------~--------~ 

Let stand in non conductive, 
high temperature environment 

(125-150°C, 24-48 hours) 

Data read and verification 
(Vee = 5.0 V) 

Mount on board 

Figure 17.6 Screening Flow 

If abnormalities are found when the program is written and verified or the program is read and 
checked after the writing/verification or letting the chip stand at high temperature, contact 
Hitachi's engineering departments. 
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Section 18 RAM 

18.1 Overview 

The SH7032 microcomputer has 8-kbytes of on-chip RAM; the SH7034 has 4 kbytes. The on-chip 
RAM is linked to the CPU and direct memory access controller (DMAC) with a 32-bit data bus 
(figure 18.1). The CPU can access data in the on-chip RAM in byte, word, or long word units. The 
DMAC can access byte or word data. On-chip RAM data can always be accessed in one state, 
making the RAM ideal for use as a program area, stack area, or data area, which require high­
speed access. The contents of the on-chip RAM are held in both the sleep and standby modes. 
Memory area 7 addresses H'FFFEOOO to H'FFFFFFF are allocated to the on-chip RAM in the 
SH7032. In the SH7034, addresses H'FFFFOOO to H'FFFFFFF are allocated. 
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SH7032 

Internal data bus (32 bits) 

H'FFFEOOO H'FFFE001 H'FFFE002 H'FFFE003 

H'FFFE004 H'FFFE005 H'FFFE006 H'FFFE007 

I 
On-chip RAM 

H'FFFFFFC H'FFFFFFD H'FFFFFFE H'FFFFFF 

SH7034 

Internal data bus (32 bits) 

H'FFFFOOO H'FFFF001 H'FFFF002 H'FFFF003 

H'FFFF004 H'FFFF005 H'FFFF006 H'FFFF007 

I 
On-chip RAM 

H'FFFFFFC H'FFFFFFD H'FFFFFFE H'FFFFFFF 

Figure 18.1 Block Diagram of RAM 

18.2 Operation 

Acce~ses to addresses H'FFFEOOO-H'FFFFFFF (SH7032) or addresses H'FFFFOOO-H'FFFFFFF 
(SH7034) are directed to the on-chip RAM. Memory area 7 (H'FOOOOOO-H'FFFFFFF) is divided 
into shadows in 8 kbyte units for the SH7032 and 4-kbyte units for the SH7034. All shadow 
accesses are on-chip RAM accesses. For more information on shadows, 'see section 8, Bus State 
Controller. 
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Section 19 Power-Down States 
J 

19.1 Overview 

In the power-down mode, all CPU functions are halted. This lowers power consumption 
dramatically. 

19.1.1 Power-Down Modes 

The SH microprocessor has two power-down modes. 

1. Sleep mode 

2. Standby mode 

The sleep mode and standby mode are entered from the program execution state according to the 
transition conditions given in table 19.1. Table 19.1 also describes procedures for canceling each 
mode and the states of the CPU and peripheral functions. 

Table 19.1 Power-Down States 

State 

Entering Peripheral CPU I/O Ports Canceling 
Mode Procedure Clock CPU Functions Registers RAM Procedure 

Sleep Execute Run Halt Run Held Held Held • Interrupt 
mode SLEEP 

• DMA 
instruction address error 
with SBY bit 
set to 0 in • Power-on 

SBYCR reset 

• Manual reset 

Standby Execute Halt Halt Halt*1 Held Held Held or • NMI 
mode SLEEP high-Z*2 • Power-on 

instruction reset 
with SBY bit 
set to 1 in • Manual reset 

SBYCR 

SBYCR: Standby control register 

SBY: Standby bit 

Notes: 1. Some of the registers of the on-chip peripheral modules are not initialized in the standby 
mode. For details, see table 19.3, Status of Registers in the Standby Mode in section 
19.4.1, Transition to the Standby Mode, or the descriptions of registers given where the 
on-chip peripheral modules are covered. 

2. The status of I/O ports in the standby mode are set by the port high-impedance bit (HIZ) 
of the SBYCR. See section 19.2, Standby Control Register (SBYCR) for details. The 
status of pins other than the I/O ports are described in appendix B, Pin States. 
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19.1.2 Register 

Table 19.2 summarizes the register related to the power-down state. 

Table 19.2 Standby Control Register (SBYCR) 

Name Abbreviation RIW Initial Value Address Access size 

Standby control register SBYCR RIW H'1F H'5FFFFBC 8, 16, 32 

19.2 Standby Control Register (SBYCR) 

The standby control register (SBYCR) is an 8-bit register that can be read or written to. It is set in 
order to enter the standby mode and also sets the port states in standby mode. The SBYCR is 
initialized to H'lF when reset. 

Bit: 7 6 5 4 3 2 0 

Bit name: I SBY HIZ 

Initial value: 0 0 0 

RfW: RfW RIW 

• Bit 7 (standby (SBY»: SBY enables transition to the standby mode. The SBY bit cannot be set 
to 1 while the timer enable bit (bit TME) in timer control/status register TCSR of watchdog 
timer WDT is set to 1. To enter the standby mode, clear the TME bit to 0 to halt the WDT and 
set the SBY bit. 

SBY Description 

o Executing SLEEP instruction puts the LSI into sleep mode (initial value) 

Executing SLEEP instruction puts the LSI into standby mode 

• Bit 6 (port high-impedance (HIZ»: HIZ selects whether I/O ports remain in their previous states 
during standby, or are placed in the high-impedance state when the standby mode is entered. 
The HIZ bit cannot be set to 1 while the TME bit is set to 1. To place the pins of the I/O ports in 
high impedance, clear the TME bit to 0 before setting the HIZ bit. 

HIZ Description 

o Port states are maintained during standby (initial value) 

Ports are placed in the high-impedance state in standby 

• Bits 5-0 (reserved): Bit 5 is a read-only bit that always reads as O. Only write 0 to bit 5. Writing 
to bits 4-0 is disabled. These bits always read 1. 
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19.3 Sleep Mode 

19.3.1 Transition to the Sleep Mode 

Execution of the SLEEP instruction when the standby bit (SBY) in the standby control register 
(SBYCR) is cleared to 0 causes a transition from the program execution state to the sleep mode. 
Although the CPU halts immediately after executing the SLEEP instruction, the contents of its 
internal registers remain unchanged. The on-chip peripheral modules do not halt in the sleep 
mode. 

19.3.2 Canceling the Sleep Mode 

The sleep mode is canceled by an interrupt, DMA address error, power-on reset, or manual reset. 

Cancellation by an Interrupt: When an interrupt occurs, the sleep mode is canceled and interrupt 
exception processing is executed. The sleep mode is not canceled if the interrupt cannot be 
accepted because its priority level is equal to or less than the mask level set in the CPU's status 
register (SR). Likewise, the sleep mode is not canceled if the interrupt is disabled by the on-chip 
peripheral module. 

Cancellation by a DMA Address Error: If the DMAC operates during the sleep mode and a 
DMA address error occurs, the sleep mode is canceled and DMA address error exception­
processing is executed. 

Cancellation by a Power-On Reset: If the RES signal goes low while the NMI signal is high, the 
sleep mode is canceled and the power-on reset state is entered. If the NMI signal is brought from 
low to high in order to set the LSI for power-on resets, an NMI interrupt will occur whenever the 
rising edge of the NMI is selected as the valid edge (in NMI edge select bit NMIE of the interrupt 
control register ICR of the interrupt controller). When this occurs, the NMI interrupt cancels the 
sleep mode. 

Cancellation by a Manual Reset: If the RES signal goes low while the NMI signal is low, the 
sleep mode is canceled and the manual reset state is entered. If the NMI signal is brought from 
high to low in order to set the LSI for manual resets, the sleep mode will be canceled by an NMI 
interrupt whenever the falling edge of the NMI is selected as the valid edge (in the NMIE bit). 

19.4 Standby Mode 

19.4.1 Transition to the Standby Mode 

To enter the standby mode, set the standby bit (SBY) to 1 in the standby control register 
(SBYCR), then execute the SLEEP instruction. The LSI moves from the program execution state 
to the standby mode. The standby mode greatly reduces power consumption by halting not only 
the CPU, but the clock and on-chip peripheral modules as well. Some registers of the on-chip 
peripheral modules are initialized, others are not (See table 19.3). As long as the specified voltage 
is supplied, however, CPU register contents and on-chip RAM data are held. The va port state 
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(hold or high impedance) depends on the port high-impedance bit (HIZ) in the SByeR. For details 
on the states of these pins, see appendix B. Pin States. 

Table 19.3 Register States in the Standby Mode 

Module 

Interrupt controller (INTC) 

User break controller (USC) 

Sus state controller (SSC) 

Pin function controller (PFC) 

I/O ports 

Direct memory access controller 
(DMAC) 

Watchdog timer (WDT) 

Register Initialized Registers That Hold Data 

All registers 

All registers 

All registers 

All registers 

All registers 

All registers 

• Sits 7-5 (OVF, WT/IT, TME) • Bits 2--0 (CKS2-CKSO) of 
of the timer control status the timer control status 
register (TCSR) register (TCSR) 

• Reset control/status register • Timer counter (TCNT) 
(RSTCSR) 

16-bit integrated timer pulse unit All registers 
(ITU) 

Programmable timing pattern All registers 
controller (TPC) 

Serial communications interface • Receive data register (RDR) 

(SCI) • Transmit data register (TOR) 

• Serial mode register (SMR) 

• Serial control register (SCR) 

• Serial status register (SSR) , 

• Bit rate register (BBR) 

AID converter (AID) All registers 

Power-down state register 
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19.4.2 Canceling the Standby Mode 

The standby mode is canceled by an NMI interrupt, a power-on reset, or a manu~l reset. 

Cancellation by an NMI: When a rising edge or falling edge (as selected by the NMIE bit in 
interrupt control register ICR of interrupt controller INTC) is detected at the NMI pin, the clock 
oscillator begins operating. At first, clock pulses are supplied only to the watchdog timer. After the 
time that was selected before entering the standby mode using clock select bits 2-0 (CKS2-CKSO) 
in the timer control/status register TCSR of the watchdog timer WDT, the watchdog timer 
overflows. After the overflow, the clock is considered stable and supplied to the entire chip. The 
standby mode is canceled and the NMI exception-processing sequence begins. 

When the standby mode is cleared by an NMI ~nterrupt, bits CKS2-CKSO must be set so that the 
WDT overflow interval is equal to or greater than the clock settling time. When the standby mode 
is cleared when the fall edge has been selected in the NMI bit, be sure that the NMI pin is high 
when standby is entered (when the clock is halted) and low when the chip returns from standby 
(clock starts up after oscillator is stabilized). Likewise, when the standby mode is cleared when the 
rise edge has been selected in the NMI bit, be sure that the NMI pin is low when standby is entered 
(clock haIted) and high when the chip returns from standby (clock starts up after oscillator is 
stabilized). 

Cancellation by a Power-On Reset: If the RES signal goes low while the NMI signal is high, the 
standby mode is canceled and the power-on reset state is entered. If the NMI signal is brought 
from low to high in order to set the LSI for power-on resets, the standby mode will not be canceled 
by an NMI interrupt, because the NMI signal is initialized for the falling edge in the standby mode 
(by the NMIE bit). 

Cancellation by a Manual Reset: If the RES signal goes low while the NMI signal is low, the 
standby mode is canceled and the manual reset state is entered. If the NMI signal is brought from 
high to low in order to set the LSI for manual resets, the standby mode will first be canceled by an 
NMI interrupt, because the NMI signal is initialized for the falling edge in the standby mode (by 
the NMIE bit). 
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19.4.3 Standby Mode Application 

In this example, the standby mode is entered on the falling edge of the NMI signal and canceled on 

the rising edge of the NMI signal. Figure 19.1 shows the timing. 

After an NMI interrupt is accepted (high goes to low) while the NMI edge select bit NMIE in the 
interrupt control register ICR is cleared to 0 to select detection of the falling edge, the NMI 

exception service routine sets the NMIE to 1 (selecting detection of the rising edge) and sets the 
SBY bit to l. Finally, it executes a SLEEP instruction to enter the standby mode. 

The standby mode is canceled on the rising edge of the NMI signal. 

Oscillator I I I I I I I I I I I I I I I I I I 

CK~~\ 

~I I I I I I I I I I 

NMIE 

SSBY 
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Section 20 Electrical Characteristics 

20.1 Absolute Maximum Ratings 

Table 20.1 Absolute Maximum Ratings 

Item Symbol Rating Unit 

Power supply voltage Vee -0.3 to +7.0 V 

Program voltage Vpp -0.3 to +13.5 V 

Input voltage (except port C) Yin -0.3 to Vee, + 0.3 V 

Input voltage (port C) Yin -0.3 to AVec + 0.3 V 

Analog power supply voltage AVec -0.3 to +7.0 V 

Analog reference voltage AVref -0.3 to AVec + 0.3 V 

Analog input voltage VAN -0.3 to AVec + 0.3 V 

Operating temperature Topr -20 to +75* 'c 
Storage temperature Tstg -55 to +125 'c 
Caution: Operating the LSI in excess of the absolute maximum rating may result in permanent 

damage. 

Note: Normal Products: Topr = -40 to +85°C for wide-temperature range products 
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20.2 DC Characteristics 
Table 20.2 lists DC characteristics. Table 20.3 lists the permissible output current values. 

Usage Conditions: 

• Do not release AVec, A Vref and A V ss when the AID converter is not in use. Connect A V cc 
and A V ref to Vee and A V ss to V ss. 

• The current consumption value is measured under conditions of VIH min = Vee - 0.5 V and VIL 

max = 0.5 V with no load on any output pin and the on-chip pull-up MOS off. 

• Even when the AID converter is not used or is stand-by, connect A Vee to A V ref the power 
voltage(V CC). 

Table 20.2 DC Characteristics (1) 

Conditions: Vee = 5.0 V ±10%, AVee = 5.0 V ±lO%, AVee = Vee ±10%, AVref= 4.5 V to 
AVee, Vss = AVss = 0 V, <!> = 20 MHz, Ta = -20 to +75°C*) 

Normal Products: Ta = -40 to +85°C for wide-temperature range products. 

Measurement 
Item Symbol Min Typ Max Unit Conditions 

Input high- RES, NMI, MD2-MDO V1H Vee - 0.7 - Vee + 0.3 V 

level EXTAL Vee x 0.7 - Vee + 0.3 V 
voltage 

Port C 2.2 AVee + 0.3 V 

Other input pins 2.2 Vee + 0.3 V 

Input low- RES, NMI, MD2-MDO VIL -0.3 0.5 V 

level Other input pins -0.3 0.8 V 
voltage 

Schmidt 
trigger 
input 
voltage 

PA13-PA10, PA2, 
PAO,PB7-
PBO 

V 

Input leak RES lIinl 1.0 IlA Vin = 0.5 to Vee - 0.5 V 
------------------------------------------------------------

current· NMI, MD2-MDO 1.0 IlA Vin = 0.5 to Vee - 0.5 V 

PortC 1.0 IlA Vin=0.5toAVee -0.5V 

3-state 
leak 
current 
(while off) 

Ports A and B, eS3- IIrsll 
eso, A21-AO, AD15-
ADO 

Input pull- PA3 
upMOS 
current 

Output All output pins 
high-level 
voltage 
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-Ip 

1.0 IlA Vin = 0.5 to Vee - 0.5 V 

20 - 300 IlA Vin = OV 

Vee- 0.5 - V IOH = -200 IlA 

3.5 V IOH =-1 rnA 



Table 20.2 DC Characteristics (2) 

Conditions: Vee = 5.0 V ±10%, AVee = 5.0 V ±10%, AVee = Vee ±10%, AVref = 4.5 V to 

AVee, Vss = AVss = 0 V, <I> = 20 MHz, Ta = -20 to +75°C*) 

Normal Products: Ta = -40 to +85°C for wide-temperature range products. 

Measurement 
Item Symbol Min Typ Max Unit Conditions 

Output low level All output pins VOL 0.4 V IOL = 1.S rnA 
voltage 1.2 V IOL = 8 rnA 

Input capacitance RES Cin 30 pF Vin = 0 V 

NMI 30 pF f = 1 MHz 
Ta = 2SoC 

All other input 20 pF 
pins 

Current consumption Ordinary Icc SO 90 rnA f = 12.S MHz 
operation 80 110 rnA f = 1S.S MHz 

100 130 rnA f = 20 MHz 

Sleep 40 70 rnA f = 12.S MHz 

SO 80 rnA f = 1S.S MHz 

SO 90 rnA f = 20 MHz 

Standby 0.01 S*1 ~ Ta ~ SO°C 

20.0*2 ~ SO°C < Ta 

Analog power supply During ND Alcc 1.0 2 rnA 
current conversion 

WhileND 0.01 S ~ 
converter is 
waiting 

Reference power During ND Al ref O.S rnA AVref = S.O V 
supply current conversion 

WhileND 0.01 S ~ 
converter is 
waiting 

RAM stand-by voltage VRAM 2.0 - V 

Notes: 1. SO JlA for the SH7032. 

2. 300 JlA for the SH7032. 
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Table 20.2 DC Characteristics (3) 

Conditions: Vee = 5.0 V ±10%, AVCC = 5.0 V ±IOCk, AVec = Vcc ±10%. AVref = 4.5 V to 
AVec, Vss = AVss = 0 V, Ij> = 16.6 MHz, Ta = -20 to +75°C*) 

Normal Products~ Ta = -40 to +85°C for wide-temperature range products. 

Measurement 
Item Symbol Min Typ Max Unit Conditions 

Input high- RES, NMI, MD2-MDO V'H Vee - 0.7 Vee + 0.3 V 
level voltage EXTAL Vee xO.7 Vee+ 0.3 V 

Port C 2.2 AVec + 0.3 V 

Other input pins 2.2 Vee+ 0.3 V 

Input low- RES, NMI, MD2-MDO V'L ..:.0.3 0.5 V 
level voltage 

Other input pins -0.3 0.8 V 

Schmidt PA13-10, PA2, Vr+ 4.0 V 
trigger input PAO,PB7-PBO Vr- V 
voltage 

Vr+-Vr- 0.4 V 

Input leak RES lIinl 1.0 !lA Yin = 0.5 to Vee 
current -0.5 V 

NMI, MD2-MDO 1.0 !lA Yin = 0.5 to Vee 
-0.5 V 

Port e 1.0 IlA Yin = 0.5 to 
AVee-0.5 V 

3-state leak Ports A and B, eS3- IIrs,1 1.0 IlA Yin = 0.5 to Vee 
current (while eso, A21-AO, AD15- -0.5 V 
off) ADO 

Input pull-up PA3 -Ip 20 300 IlA Yin = 0 V 
MOS current 

Output high- All output pins VOH Vee - 0.5 V IOH = -200 IlA 
level voltage 3.5 V IOH = -1 mA 

Output low All output pins VOL 0.4 V IOL = 1.6 mA 
level voltage 1.2 V IOL ~ 8 mA 
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Table 20.2 DC Characteristics (4) 

Conditions: Vee = 5.0 V ±10%, AVee = 5.0 V ±10%, AVee = Vee ±10%, AVref= 4.5 V to 

AVee, Vss = AVss = 0 V, <I> = 16.6 MHz, Ta = -20 to +75°C*) 

Nonna1 Products: Ta = -40 to +85°C for wide-temperature range products. 

Measurement 
Item Symbol Min Typ Max Unit Conditions 

Input RES Cin 30 pF Vin = 0 V 
capacitance NMI 30 pF f = 1 MHz 

Ta = 2SoC 
All other input 20 pF 
pins 

Current Ordinary Icc 60 90 rnA f = 12.S MHz 
consumption operation 

80 110 rnA f = 16.6 MHz 

Sleep 40 70 rnA f = 12.S MHz 

SO 80 rnA f = 16.6 MHz 

Standby 0.01 S·l /lA Ta ~ SO°C 

20.0*2 /lA SO°C < Ta 

Analog During NO Alcc 1.0 2.0 rnA 
power conversion 
supply While NO 0.01 S /lA 
current converter is 

waiting 

Reference During NO Alcc O.S rnA AVref = S.O V 
power supply conversion 
current While NO 0.01 S /lA 

converter is 
waiting 

RAM voltage VRAM 2.0 V 
stand-by 

Notes: 1. SO /lA for the SH7032. 

2. 300 /lA for the SH7032. 
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Table 20.2 DC Characteristics (5) 

Conditions: Vcc = 3.0 V to 5.5 V, AVcc = 3.0 to 5.5 V, AVcc =Vcc ±10%, AVrcf = 3.0 V to 
AVcc, Vss = AVss = 0 V, <I> = 12.5 MHz. Ta = -20 to +75°C*) 

Normal Products: Ta = -40 to +85°C for wide-temperature range products. 

Measurement 
Item Symbol Min Typ Max Unit Conditions 

Input high- RES, NMI, MD2-MDO V1H Vee xO.9 Vee + 0.3 V 
level voltage EXTAL Vee x 0.7 Vee + 0.3 V 

Port e Vee x 0.7 AVec + 0.3 V 

Other input pins Vee x 0.7 Vee + 0.3 V 

Input low- RES, NMI, MD2-MDO Vil -0.3 Vee x 0.1 V 
level voltage Other input pins -0.3 Vee x 0.2 V 

Schmidt PA13-10, PA2, PAO, VT+ Vee x 0.9 V 
trigger input PB7-PBO 
voltage VT- Vee xO.2 V 

VT+-VT- Vee x 0.07 - V 

Input leak RES lIinl 1.0 JlA Vin = 0.5 to Vee 
current -0.5V 

NMI, MD2-MDO 1.0 JlA Vin = 0.5 to Vee 
-0.5V 

Port e 1.0 JlA Vin = 0.5 to 
AVee-0.5 V 

3-state leak Ports A and B, eS3- IITS11 1.0 JlA Vin = '0.5 to Vee 
current (while eso, A21-AO, AD15- -0.5V 
off) ADO 

Input pull-up PA3 -Ip 20 300 JlA Vin = OV 
MOS current 

Output high- All output pins VOH Vee- 0.5 V IOH = -200 JlA 
level voltage Vee- 1.O V IOH =-1 rnA 

Output low All output pins VOL 0.4 V IOl = 1.6 rnA 
level voltage 

1.2 V IOl = 8 rnA 
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Table 20.2 DC Characteristics (6) 

Conditions: Vee = 3.0 V to 5.5 V, AVee = 3.0 to 5.5 V, AVee = Vee ±10%, AVref = 3.0 V to 

AVee, Vss = AVss = 0 V, $ = 12.5 MHz, Ta = -20 to +75°C*) 

Normal Products: Ta = -40 to +85°C for wide-temperature range products. 

Measurement 
Item Symbol Min Typ Max Unit Conditions 

Input RES Cin 30 pF Vin = 0 V 
capacitance NMI 30 pF f = 1 MHz 

All other input 20 pF Ta = 2SoC 
pins 

Current Ordinary Icc 60 90 rnA f = 12.S MHz 
consumption operation 

Sleep 40 70 rnA f = 12.S MHz 

Standby 0.01 S*1 JlA Ta =:; SO°C 

20.0*2 JlA SO°C < Ta 

Analog power During AID Alcc O.S 1.S rnA AVcc = 3.0 V 
supply current conversion 

1.0 2.0 rnA AVcc= S.O V 

While AID 0.01 S.O JlA 
converter is 
waiting 

Reference power During AID Alref 0.4 0.8 rnA AVref= 3.0 V 
supply current conversion 

O.S rnA AVref = S.O V 

While AID 0.01 S.O JlA 
converter is 
waiting 

RAM stand-by voltage VRAM 2.0 V 

Notes: 1. SO JlA for the SH7032. 

2. 300 JlA for the SH7032. 

3. Icc depends on V cc and f as follows. 

Icc max. = 1.0 (rnA) + 1.29 (mAlMHz . V) x Vce x f [ordinary operation] 

Icc max. = 1.0 (rnA) + 1.00 (mAlMHz . V) x Vcc x f [sleep] 
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Table 20.3 Permitted Output Current Values 

Case A: Vee = 3.0 to 5.5 V, AVec = 3.0 to 5.5 V, AVce = Vee ±10%, AVref = 3.0 V to AVec, 
Vss = AVss = 0 V, Ta = -20 to +75°C*) 

Case B: Vee = 5.0 V ±10%, AVec = 5.0 V ±10%, AVec = Vee ±10%, AVref = 4.5 V to AVec, 
Vss = AVss = 0 V, Ta = -20 to +75°C*) 

Normal Products: Ta = -40 to +85°C for wide-temperature range products. 

Case A Case B 

12.5 MHz 16.6 MHz 20 MHz 

Item Symbol Min Typ Max Min Typ Max Min Typ Max Unit 

Output low-level IOL 10 10 10 mA 
permissible current 
(per pin) 

Output low-level }: IOL 80 80 80 mA 
permissible current 
(total) 

Output high-level -IOH 2.0 2.0 2.0 mA 
permissible current 
(per pin) 

Output high-level -}:loH 25 25 25 mA 
permissible current 
(total) 

Caution: To ensure LSI reliability, do not exceed the value for output current given in table 20.3. 
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20.3 A C Characteristics 

20.3.1 Clock Timing 

Table 20.4 Clock Timing 

Case A: Vee = 3.0 to 5.5 V, AVee = 3.0 to 5.5 V, AVee = Vee ±10%, AVref = 3.0 V to AVec, 
Vss = AVss = 0 V, <!> = 20 MHz, Ta = -20 to +75°C*) 

Case B: Vee = 5.0 V ±10%, AVee = 5.0 V ±10%, AVee = Vee ±10%, AVref= 4.5 V to AVee, 
Vss = AVss = 0 V, <!> = 20 MHz, Ta = -20 to +75°C*) 

Nonna! Products: Ta = -40 to +85°C for wide-temperature range products. 

Case A Case B 

Sym- 12.5 MHz 16.6 MHz 20 MHz 

Item bol Min Max Min Max Min Max Unit Figures 

EXTAL input high level tEXH 20 10 10 ns 20.1 
pulse width 

EXTAL input low level tEXl 20 10 10 ns 
pulse width 

EXTAL input rise time tEXr 10 5 5 ns 

EXTAL input fall time tEXt 10 5 5 ns 

Clock cycle time tcyc 80 500 60 500 50 500 ns 20.1,20.2 

Clock high pulse width tCH 30 20 20 ns 20.2 

Clock low pulse width tCl 30 20 20 ns 

Clock rise time tCr 10 5 5 ns 

Clock fall time tCt 10 5 5 ns 

Reset oscillation settling tOSC1 10 10 10 ms 20.3 
time 

Software standby tOSC2 10 10 10 ms 
oscillation settling time 
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20.3.2 Control Signal Timing 

Table 20.5 Control Signal Timing 

Case A: Vee = 3.0 to 5.5 V, AVee = 3.0 to 5.5 V, AVee = Vee ±10%, AVref = 3.0 V to AVee, 

Vss = AVss = 0 V, Ta = -20 to +75°C*) 

Case B: Vee = 5.0 V ±10%, AVee = 5.0 V ±10%, AVee = Vee±lO%, AVref = 4.5 V to AVee, 

Vss = AVss = 0 Y, Ta = -20 to +75°C*) 

Nonnal Products: Ta = -40 to +85°C for wide-temperature range products. 

Case A Case B 

12.5 MHz 16.6 MHz 20 MHz 

Item Symbol Min Max Min Max Min Max Unit Figure 

RES setup time tREsS 320 240 200 ns 20.4 

RES pulse width tRESW 20 20 20 tcyc 

NMI reset setup time tNMIRS 320 240 200 ns 

NMI reset hold time tNMIRH 320 240 200 ns 

NMI setup time tNMIS 160 120 100 ns 20.5 

NMI hold time tNMIH 80 60 50 ns 

IRQQ-IRQ? setup time (edge tlROES 160 120 100 ns 
detection time) 

IRQQ-IRQ? setup time (level tlROLS 160 120 100 ns 
detection time) 

IRQQ-IRQ? hold time tlROEH 80 60 50 ns 

IRQOUT output delay time) tlROOD 80 60 50 ns 20.6 

Bus request setup time tSROS 80 60 50 ns 20.? 

Bus acknowledge delay time 1 tSACD1 80 60 50 ns 

Bus acknowledge delay time 2 tSAcD2 80 60 50 ns 

Bus 3-state delay time tSZD 80 60 50 ns 
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Figure 20.5 Interrupt Signal Input Timing 
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Figure 20.6 Interrupt Signal Output Timing 
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20.3.3 Bus Timing 

Table 20.6 Bus Timing (1) 

Conditions: Vee = 5.0 V flOCk, AVee = 5.0 V flOCk, AVec = Vee flOCk, AVref = 4.5 V to 
AVec, Vss = AVss = 0 V, <!> = 20 MHz, Ta = -20 to +75°C* 

Normal Products: Ta = -40 to +85°C for wide-temperature range products. 

Item Symbol Min Max Unit Figures 

Address delay time tAD 20.1 ns 20.8, 20.9, 20.11-20.14, 
20.19, 20.20 

CS delay time 1 tCSD1 25 ns 20.8, 20.9, 20.20 

CS delay time 2 tcsD2 25 ns 

CS delay time 3 tCSD3 20 ns 20.19 

CS delay time 4 tCSD4 20 ns 

Access time 1 35% duty·2 tADAC1 tcyc X 0.65- ns 20.8, 
from read strobe 20 

50% duty tcyc x 0.5 - 20 - ns 

Access time 2 35% duty·2 tADAC2 tcyc x (n+ 1.65) - ns 20.9,20.10 
from read strobe -20.3 

50% duty tcyc x (n+ 1.5) - ns 
- 20.3 

Access time 3 35% duty·2 tADAC3 tcyc x (n+0.65) - ns 20.19 
from read strobe - 20.3 

50% duty tcyc x (n+0.5) ns 
-20.3 

Read strobe delay time tRsD 20 ns 20.8,20.9,20.11-20.15, 
20.19, 20.24-20.28 

Read data setup time tRDs 15 ns 20.8,20.9,20.11-20.14, 

Read data hold time tRDH 0 ns 20.19 

Write strobe delay time 1 tWSD1 20 ns 20.9, 20.13, 20.14, 
20.19, 20.20 

Write strobe delay time 2 tWSD2 20 ns 20.9, 20.13, 20.14, 
20.19 

Write strobe delay time 3 tWSD3 20 ns 20.11, 20.12 

Write strobe delay time 4 tWSD4 20 ns 20.11, 20.12, 20.20 

Write data delay time 1 tWDD1 35 ns 20.9, 20.13, 20.14, 19 

Write data delay time 2 tWDD2 20 ns 20.11,20.12 

Write data hold time tWDH 0 ns 20.9,20.11-20.14 
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Table 20.6 Bus Timing (1) (cont) . 

Conditions: Vee = 5.0 V ±10%, AVec = 5.0 V ±lO%,AVee = Vee ±10%, AVeef= 4.5 V to 

AVec, Vss = AVss = 0 V, <I> = 20 MHz, Ta = -20 to +75°C* 

Normal Products: Ta = -40 to +85°C for wide-temperature range products. 

Item Symbol Min Max Unit Figures 

Parity output delay time 1 tWPDD1 40 ns 20.9, 20.13, 20.14 

Parity output delay time 2 tWPDD2 20 ns 20.11 , 20.12 

Parity output hold time tWPDH 0 ns 20.9,20.11-20.14 

Wait setup time twrs 14 ns 20.10,20.15,20.19 

Wait hold time twrH 10 ns 

Read data access time 1 tACC1 tcyc - 30*4 ns 20.8,20.11,20.12 

Read data access time 2 tACC2 tcyc x (n+2) - ns 20.9, 20.10, 20.13, 
30*3 20.14 

RAS delay time 1 tRASD1 20 ns 20.11-20.14, 

RAS delay time 2 tRASD2 30 ns 20.16-20.18 

CAS delay time 1 tCASD1 20 ns 20.11 

CAS delay time 2 tCASD2 20 ns 20.13, 20.14, 

CAS delay time 3 tCAsD3 20 ns 20.16-20.18 

Column address setup time tAsC 0 ns 20.11, 20.12 

Read data access 35% dut/2 tCAC1 tcyc x 0.65- ns 
19 

time from CAS 1 50% duty tcyc x 0.5 - 19 - ns 

Read data access time from tCAC2 tcyc x (n+1) - - ns 20.13, 20.14, 20.15 
CAS 2 25*3 

Read data access time from tRAC1 tcyc x 1. 5 - 20 - ns 20.11, 20.12 
RAS 1 

Read data access time from tRAC2 tcyc x (n+2.5) ns 20.13,20.14,20.15 
RAS2 - 20*3 

High-speed page mode CAS tcp tcyc x 0.25 ns 20.12 
precharge time 
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Table 20.6 Bus Timing (1) (cont) 

Conditions: Vee = 5.0 V ±10%, AVee = 5.0 V ±IOCk, AVee = Vee ±10%, AVref = 4.5 V to 
AVee, Vss = AVss = 0 V, <1> = 20 MHz, Ta = -20 to +75°C* 

Normal Products: Ta = -40 to +85°C for wide-temperature range products. 

Item Symbol Min Max Unit Figures 

AH delay time 1 tAH01 20 ns 20.19 

AH delay time 2 tAH02 20 ns 

Multiplexed address delay time tMAO 30 ns 

Multiplexed address hold time tMAH 0 ns 

DACKO, DACK1 delay time 1 tOAC01 23 ns 20.8,20.9,20.11-
20.14, 20.19, 20.20 

DACKO, DACK1 delay time 2 tOAc02 23 ns 

DACKO, DACK1 delay time 3 tOAC03 20 ns 20.9, 20.13, 20.14, 
20.19 

DACKO, DACK1 delay time 4 tOAC04 20 ns 20.11, 20.12 

DACKO, DACK1 delay time 5 tOACOS 20 ns 

Read delay time 35% duty *2 tROO tcyc x 0.35 + 12 ns 20.8, 20.9, 20.11-

50% duty tcyc x 0.5 + 15 ns 20.15, 20.19, 20.24-
20.28 

Data setup time for CAS tos 0*5 ns 20.11, 20.13 

CAS setup time for RAS tCSR 10 ns 20.16,20.17,20.18 

Row address hold time tRAH 10 ns 20.11, 20.13 

Write command hold time tWCH 15 ns 

Write command 35% duty·2 twcs 0 ns 20.11 
setup time 50% duty twcs 0 ns 

Access time from tACP tcyc ns 20.12 
CAS precharge -20 

. Notes: 1. HBS and LBS signals are 25 ns. 

2. When frequency is 10 MHz or more. 

3. n is the number of wait cycles. 

4. Access time from addresses AO to A21 is tcyc-25. 

5. -5ns for parity output of DRAM long-pitch access. 
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Table 20.7 Bus Timing (2) 

Conditions: Vee = 5.0 V ±10%, AVee = 5.0 V ±10%, AVee = Vee ±10%, AVref = 4.5 V to 
AVee, Vss = AVss = 0 V, <I> = 16.6 MHz, Ta = -20 to +75°C* 

Normal Products: Ta = -40 to +85°C for wide-temperature range products. 

Item Symbol Min Max Unit Figures 

Address delay time tAD 25*1 ns 20.8, 20.9, 20.11-20.14, 
20.19, 20.20 

CS delay time 1 tCSD1 30 ns 20.8, 20.9, 20.20 

CS delay time 2 tCSD2 25 ns 

CS delay time 3 tcsD3 25 ns 20.19 

CS delay time 4 tcsD4 25 ns 

Access time 1 35% duty*2 tRDAC1 tcyc x 0.65- ns 20.8,20.9, 
from read strobe 20 

50% duty tcyc x 0.5 - 20 - ns 

Access time 2 35% duty"2 tRDAC2 tcyc x (n + ns 20.9,20.10 
from read strobe 1.65) - 20*3 

50% duty tcyc x (n + ns 
1.5) - 20*3 

Access time 3 35% duty*1 tRDAC3 tcyc x (n + ns 20.19 
from read strobe 0.65) - 20*3 

50% duty , tcyc x (n + ns 
0.5) - 20*3 

Read strobe delay time tRSD 25 ns 20.8, 20.9, 20.19 

Read data setup time tRDS 15 ns 20.8,20.9,20.11-20.14, 

Read data hold time tRDH 0 ns 20.19 

Write strobe delay time 1 tWSD1 25 ns 20.9,20.13,20.14,20.19, 
20.20 

Write strobe delay time 2 tWSD2 25 ns 20.9,20.13,20.14,20.19 

Write strobe delay time 3 tWSD3 25 ns 20.11,20.12 

.Write strobe delay time 4 tWSD4 25 ns 20.11,20.12,20.20 

Write data delay time 1 tWDD1 45 ns 20.9, 20.13, 20.14, 20.19 

Write data delay time 2 tWDD2 25 ns 20.11,20.12 

Write data hold time tWDH 0 ns 20.9,20.11-20.14 

Parity output delay time 1 tWPDD1 45 ns 20.9, 20.13, 20.14 

Parity output delay time 2 tWPDD2 25 ns 20.11,20.12 

Parity output hold time tWPDH 0 ns 20.9,20.11-20.14 

HITACHI 467 



Table 20.7 Bus Timing (2) (cont) 

Conditions: Vee = 5.0 V ±10%, AVee = 5.0 V ±10%, AVee = Vee ±10%, AVref = 4.5 V to 
AVec, Vss = AVss = 0 V, <I> = 16.6 MHz, Ta = -20 to +75°C* 

Normal Products: Ta = -40 to +85°C for wide-temperature range products. 

Item Symbol Min Max Unit Figures 

Wait setup time tWTs 19 ns 20.10, 20.15, 20.19 

Wait hold time tWTH 10 ns 

Read data access time 1 tACC1 !eye - 30*4 ns 20.8,20.11, 20.12 

Read data access time 2 tACC2 !eye X (n+2) - ns 20.9, 20.10, 20.13, 20.14 
30*3 

RAS delay time 1 tRASD1 25 ns 20.11-20.14, 

RAS delay time 2 tRASD2 35 ns 20.16-20.18 

CAS delay time 1 tCASD1 25 ns 20.11 

CAS delay time 2 tCASD2 25 ns 20.13,20.14, 

CAS delay time 3 tCAsD3 25 ns 20.16-20.18 

Column address setup time tASC 0 ns 20.11, 20.12 

Read data access 35% duty*2 tCAC1 teye x 0.65- ns 
time from CAS 1 19 

50% duty !eye X 0.5 - 19 - ns 

Read data access time from tCAC2 !eye X (n + 1) - - ns 20.13, 20.14, 20.15 
CAS 2 25*3 

Read data access time from tRAC1 teye X 1.5 - 20 - ns 20.11, 20.12 
RAS 1 

Read data access time from tRAC2 !eye x (n + 2.5) - ns 20.13,20.14,20.15 
RAS2 -20*3 

High-speed page mode CAS tcp !eye X 0.25 ns 20.12 
precharge time 

AH delay time 1 tAHD1 25 ns 20.19 

AH delay time 2 tAHD2 25 ns 

Multiplexed address delay time tMAD 30 ns 

Multiplexed address hold time tMAH 0 ns 
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Table 20.7 Bus Timing (2) (cont) 

Conditions: Vee = 5.0 V ±10%, AVee = 5.0 V ±10%, AVee = Vee ±10%, AVref = 4.5 V to 
AVee, Vss = AVss = 0 V, <I> = 16.6 MHz, Ta = -20 to +75°C* 

Nonna! Products: Ta = -40 to +85°C for wide-temperature range products. 

Item Symbol Min Max Unit Figures 

DACKO, DACK1 delay time 1 tOAC01 25 ns 20.8, 20.9,20.11-20.14, 

DACKO, DACK1 delay time 2 tOACD2 25 ns 20.19, 20.20 

DACKO, DACK1 delay time 3 tOAC03 25 ns 20.9, 20.13, 20.14, 20.19 

DACKO, DACK1 delay time 4 tOACD4 25 ns 20.11, 20.12 

DACKO, DACK1 delay time 5 tDACDS 25 ns 

Read delay time 35% duty*2 tROD tcyc x 0.35 + 12 ns 20.8,20.9,20.11-20.15, 

50% duty tcyc x 0.5 + 15 ns 20.19, 20.24-20.28 

Data setup time for CAS tos 0°5 ns 20.11,20.13 

CAS setup time for RAS tCSR 10 ns 20.16,20.17,20.18 

Row address hold time tRAH 10 ns 20.11,20.13 

Write command hold time tWCH 15 ns 

Write command 35% duty02 twcs 0 ns 20.11 
setup time 50% duty 0 ns 

Access time from CAS tACP tcyc ns 20.12 
precharge -20 

Notes 1. HBS and LBS signals are 30 ns. 

2. When frequency is 10 MHz or more 

3. n is the number of wait cycles. 

4. Access time from addresses AO to A21 is tcyc-25. 

5. -5ns for parity output of DRAM long-pitch access 
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A21-AO 
HBS, LBS 

RD (Read) 

AD15-ADO 
DPH,DPL 

(Read) 

DACKO 

DACK1 

Notes: 1. For tRDAC1, use tcyc x 0.65 - 20 (for 35% duty) or tcyc x 0.5 - 20 (for 50% duty) 
instead of tcyc - tRDD - tRDS' 

2. For tACC1, use tcyc - 30 instead of tcyc - tAD (or tcsD1) - tRDS. 
3. tRDH is measured from A21-AO, CSn, or RD, whichever is negated first. 

Figure 20.8 Basic Bus Cycle: One-State Access 
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Notes: For tRDAC2, use tcyc x (n + 1.65) - 20 (for 35% duty) or tcyc x (n + 1.5) - 20 (for 50% 

duty) instead of tCyc x (n + 2) - tRDD - tRDS· 

2 For tAcC2, use tcyc x (n + 2) - 30 instead of tcyc x (n + 2) - tAD (or tCSD1) - tRDS· 
3 tRDH is measured from A21-AO, CSn, or AD, whichever is negated first. 

Figure 20.9 Basic Bus Cycle: Two-State Access 
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Notes: 1. For tRDAC2, use tcyc x (n+1.65) - 20 (for 35% duty) or tcyc x (n+ 1.5) - 20 (for 50% 
duty) instead of tcyc x (n+2) - tRDD - tRDS. 

2. For tAcC2, use tcyc x (n+2) - 30 instead of tcyc x (n+2) - tAD (or tCSD1) - tRDS· 

Figure 20.10 Basic Bus Cycle: Two States + Wait State 

472 HITACHI 



CK 

A21-AO 

RAS 

CAS 

RD(Read) 

WRH, WRL, 
WR(Read) 

DACKO 
DACK1 
(Read) 

AD15-ADO 
DPH,DPL 

(Read) 

RD(Write) 

WRH, WRL, 
WR(Write) 

AD15-ADO 
(Write) 

DPH,DPL 
(Write) 

DACKO 
DACK1 
(Write) 

Tp Tr. Tc 

I i 

, I I I' 1 

tAD 'tAD I 

Column 
I 1 I 1 I 

=-.J 
11!f!A

I

':D1 ~I: 1 : I~RASD21 
--~------~ ... ~ ... ra-"'~tt:R7.AH~11 I :1'" f~'r-----'1 " ' I 

I 
I I I 1 1 II 
! ! ~ tDS ! tCASD1 

1 'tAsC~1 \1" 1\lJ 1 
=-.J I I i I I ~1!1 IJfr-----

i tRDD 1 I 1 i\ : 1 1f i 

=-.J 
i--t I I iii ; i tRSD, i 

---r---------~-"t""': -----\! . Ii' ,!"4 ~.lr+i-""""'~---
: ! I ,i .. tWpH=-t, i ~ 

I I,! !: ; 
I 
I I I " , 

_________________ ~-__ -~,~i~ .. ~I~· ,~~I ___ _ 

--------~~l,~ii~~~i ---
tCAC11 -+i i+ il' I 

i I I i I 1:1 ! 

t' *2: I' '! ! I 
ACC1 , .. ! "I I, , i tRDH*4 

tRAC1 *3 ~: .. ---r--~!--i-........ I "'~":"II: ~~ .. : ~RD~ ~ 
___ ---J)>------------;.---t-l ..... 1 ~( i! )------

• i 

~ tWSD3 ' :: : twsD4 
:~ "1 l1li ; ! ",twcs ~ -----------+-: _____ \ j I, I, ,,------

___ ---J) 

: tWDD2 ! ' tWDH 
~ :.---.: 
I ,'"'! ___ ----',>--,------

:tWPDH 
tWPDD2~ : .......-. 

-------')~------------~-~~~:----->~-----
tDACD4 ,tDACD5 ...--.. ..-.. 

----------------------~~--------

Notes: 1. For tCAC1, use tcyc x 0.65 - 19 (for 35% duty) or tcyc x 0.5 - 19 (for 50% duty) 
instead of tcyc - tAD - tASC - tRDS' 
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3.' For tRAC1, use tcyc x 1.5 - 20 instead of tcyc x 1.5 - tRASD1 - tRDS' 

4. tRDH is measured from A21-AO, RAS, or CAS, whichever is negated first. 

Figure 20.11 DRAM Bus Cycle (Short Pitch, Normal Mode) 
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For tRAC1, use tcyc x 1.5 - 20 instead of tcyc x 1.5 - tRASD1 - tRDS' 
tRDH is measured from A21-AO or CAS, whichever is negated first. 

tRDH is measured from A21-AO, RAS, or CAS, whichever is negated first. 

Figure 20.12 DRAM Bus Cycle (Short Pitch, High-Speed Page Mode) 
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Notes: 1. For tCAC2, use tcyc x (n + 1) - 25 instead of tcyc x (n + 1) - tCAs02 - tROS· 
2. For tACC2, use tcyc x (n + 2) - 30 instead of tcyc x (n + 2) - tAD - tRDS. 

3. For tRAc2, use tcyc x (n + 2.5) - 20 instead of tcyc x (n + 2.5) - tRASD1 - tROS. 
4. tROH is measured from A21-AO, CAS, or RAS, whichever is negated first. 

Figure 20.13 DRAM Bus Cycle: (Long Pitch, Normal Mode) 
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Notes: 1. For tCAC2, use tcyc x (n + 1) - 25 instead of tcyc x (n + 1) - tCASD2 - tRDS' 

2. For tACC2, use tcyc x (n + 2) - 30 instead of tcyc x (n + 2) - tAD ~ tRDS' 

3. For tRAC2, use tcyc x (n + 2.5) - 20 instead of tcyc x (n + 2.5) - tRAsD1 - tRDS. 

4. tRDH is measured from A21-AO or CAS, whichever is negated first. 

5. tRDH is measured from A21-AO, RAS, or CAS whichever is negated first. 

Figure 20.14 DRAM Bus Cycle: (Long Pitch, High-Speed Page Mode) 
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Notes: 1. For tCAC2' use tcyc x (n + 1) - 25 instead of tcyc x (n + 1) - tCASD2 - tRDS· 

2. For tAcC2' use tcyc x (n + 2) - 30 instead of tcyc x (n + 2) - tAD - tRDS' 
3. For tRAC2. use tcyc x (n + 2.5) - 20 instead of tcyc x (n + 2.5) - tRASD1 - tRDS' 

Figure 20.15 DRAM Bus Cycle: (Long Pitch, High-Speed Page Mode + Wait State) 
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Table 20.8 Bus Timing (3) 

Conditions: Vee = 3.0 to 5.5 V, AVee = 3.0 to 5.5 V, AVee = Vee ±10%, AVref = 3.0 V to 

AVee, Vss = AVss = 0 V, <I> = 12.5 MHz, Ta = -20 to +75°C* 

Normal Products: Ta = -40 to +85°C for wide-temperature range products. 

Item Symbol Min Max Unit Figures 

Address delay time tAD 40 ns 20.21,20.22,20.24-
20.27,20.32,20.33 

CS delay time 1 tCSD1 40 ns 20.21,20.22,20.33 

CS delay time 2 tCSD2 40 ns 

CS delay time 3 tCSD3 40 ns 20.32 

CS delay time 4 tcsD4 40 ns 

Access time 1 35% duty*1 tRDAC1 tcyc x 0.65 - 35 ns 20.21, 

from read. strobe 50% duty tcyc x 0.5 - 35 ns 

Access time 2 35% duty*1 tRDAC2 tcyc x (n+ 1.65) - 35*2 ns 20.22, 20.23 

from read strobe 50% duty tcyc x (n+ 1.5) - 35 *2 ns 

Access time 3 35% duty*1 tRDAC3 tcyc x (n+0.65) - 35*2 ns 20.32 

from read strobe 50% duty tcyc x (n+0.5) - 35*2 ns 

Read strobe delay time tRSD 40 ns 20.21, 20.22, 20.32 

Read data set-up time tRDs 25 ns 20.21, 20.22, 

Read data hold time tRDH 0 ns 20.24-20.27, 20.32 

Write strobe delay time 1 twsD1 40 ns 20.22, 20.26, 20.27, 
20.32, 20.33 

Write strobe delay time 2 tWSD2 30 ns 20.22, 20.26, 20.27, 
20.32 

Write strobe delay time 3 tWSD3 40 ns 20.24, 20.25 

Write strobe delay time 4 tWSD4 40 ns 20.24, 20.25, 20.33 

Write data delay time 1 tWDD1 70 ns 20.22, 20.26, 20.27, 
20.32 

Write data delay time 2 tWDD2 40 ns 20.24, 20.26 

Write data hold time tWDH -10 ns 20.22, 20.24-20.27, 
20.32 

Parity output delay time 1 tWPDD1 80 ns 20.22, 20.24, 20.27 

Parity output delay time 2 tWPDD2 40 ns 20.24, 20.25 

Parity output hold time tWPDH -10 ns 20.22, 20.23-20.27 

482 HITACHI 



Table 20.8 Bus Timing (3) (cont) 

Conditions: Vee = 3.0 to 5.5 V, AVee = 3.0 to 5.5 V, AVee = Vee ±10%, AVref= 3.0 V to 
AVee, Vss = AVss = 0 V, <I> = 12.5 MHz, Ta = -20 to +75°C* 

Nonna! Products: T:;t = -40 to +85°C for wide-temperature range products. 

Item Symbol Min Max Unit Figures 

Wait setup time twrs 40 ns 20.23, 20.28, 20.32 

Wait hold time twrH 10 ns 

Read data access time 1 tACC1 tcyc - 44 ns 20.21,20.24,20.25 

Read data access time 2 tACC2 tcyc x (n+2) - 44*2 ns 20.22, 20.23, 20.26, 
20.28 

RAS delay time 1 tRASDl 40 ns 20.24-20.27, 20.29-

RAS delay time 2 tRASD2 40 ns 20.31 

CAS delay time 1 tCASD1 40 ns 20.24 

CAS delay time 2 tCASD2 40 ns 20.26, 20.27, 20.29-

CAS delay time 3 tCAsD3 40 ns 20.31 

Column address setup time tAse 0 ns 20.24, 20.25 

Read data 35% duty*1 tCAC1 tcyc x 0.65 - 35 ns 

access time from 50% duty tcyc x 0.5 - 35 ns 
CAS 1 

Read data access time from tCAC2 tcyc x (n+1) - 35 *2 ns 20.26, 20.27, 20.28 
CAS 2 

Read data access time from tRAC1 tcyc x 1.5 - 35 ns 20.24, 20.25 
RAS 1 

Read data access time from tRAC2 tcyc x (n+2.5) - 35 *2 ns 20.26,20.27,20.28 
RAS2 

High-speed page mode CAS tcp tcyc x 0.25 ns 20.25 
precharge time 

AH delay time 1 tAHD1 40 ns 20.32 

AH delay time 2 tAHD2 40 ns 

Multiplexed address delay tMAD 40 ns 
time 

Multiplexed address hold tMAH -10 ns 
time 
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Table 20.8 Bus Timing (3) (cont) 

Conditions: Vee = 3.0 to 5.5 V, AVee = 3.0 to 5.5 V, Vee = AVee ±10%, AVref = 3.0 V to 
AVee, Vss = AVss = 0 V, <I> = 12.5 MHz, Ta = -20 to +75°C* 

Normal Products: Ta = -40 to +85°C for wide-temperature range products 

Item Symbol Min Max Unit Figures 

DACKO, DACK1 delay time 1 tDACD1 40 ns 20.21, 20.22, 20.24- . 

DACKO, DACK1 delay time 2 tDACD2 40 ns 20.27,20.32,20.33 

DACKO, DACK1 delay time 3 tDACD3 40 ns 20.22, 20.26, 20.27, 
20.32 

DACKO, DACK1 delay time 4 tDACD4 40 ns 20.24, 20.25 

DACKO, DACK1 delay time 5 tDACD5 40 ns 

Read delay time 35% duty*1 tRDD tcyc x 0.35 + 35 ns 20.21,20.22,20.24-

50% duty tcyc x 0.5 + 35 ns 20.28, 20.32 

Data setup time for CAS tDS 0*3 ns 20.24, 20.26 

CAS setup time for RAS tCSR 10 ns 20.29-20.31 

Row address hold time tRAH 10 ns 20.24, 20.26 

Write command hold time tWCH 15 ns 

Write command 35% duty*1 twcs 0 ns 20.24 

setup time 50% duty twcs 0 ns 

Access time from CAS tAcP tcyc - ns 20.25 
precharge -20 

Notes: 1. When frequency is 10 MHz or more. 

2. n is the number of wait cycles. 

3. -5 ns for parity output of DRAM long-pitch access 
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Notes: 1. For tRDAC1, use tcyc x 0.65 - 35 (for 35% duty) or tcyc x 0.5 - 35 (for 50% duty) 
instead of tcyc - tRDD - tRDS· 

2. For tACC1, use tcyc - 44 instead of tcyc - tAD (or tCSD1) - tRDS· 
3. tRDH is measured from A21-AO, CSn, or AD, whichever is negated first. 

Figure 20.21 Basic Bus Cycle: One-State Access 
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2. For tACC2, use !eye X (n + 2) - 44 instead of teye x (n + 2) - tAD (or tcsD1) - tRDS' 
3. tRDH is measured from A21-AO, CSn, or RD, whichever is negated first. 

Figure 20.22 Basic Bus Cycle: Two-State Access 

486 HITACHI 



Tw 

CK 

A21-AO 
HBS, LBS 

CSn 

II 

r 
tRDAC2*1 

RD I / (Read) I '! 

I! tACC2*2 
I I I 

lea I I I I ~ I I I ! AD15-ADO 

) ! i 
I i t >-DPH,DPL I I « I I 

i I 
I I 

(Read) ! I 

II 

I I 
I I 

;; 
i i 

DACKO X I i )( 
DACK1 
(Read) I I ! : 

! ! 

WRH, WRL, \11 
! i 

II / WR (Write) i I 

! I 
« 

AD15-ADO 

;; <! I >-DPH,DPL 
(Write) 

DACKO II 

;; X ! ! X DACK1 ! 1 
, i 

(Write) ~ ! 
! ! 

i : I 
twrs i I tWTH tWTS ! tWTH 
~~ :<I--~ ~ 

WAIT \l j t \ 
I 

Notes: 1. For tRDAC2. use tcyc x (n + 1.65) - 35 (for 35% duty) or tcyc x (n + 1.5) - 35 (for 
50% duty) instead of tcyc x (n + 2) - tROD - tRDS· 

2. For tACC2, use tcyc x (n + 2) - 44 instead of tcyc x (n + 2) - tAD (or tCSD1) - tRDS. 

Figure 20.23 Basic Bus Cycle: Two States + Wait State 
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2. For tACC1, use tcye - 44 instead of teye - tAD - tRDS· 

3. For tRAC1, use tcye x 1.5 - 35 instead of teye x 1.5 - tRAsD1 - tRDS· 
4. tRDH is measured from A21-AO, RAS, or CAS, whichever is negated first. 

Figure 20.24 DRAM Bus Cycle (Short Pitch, Normal Mode) 
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For tRAC1, use tcyc x 1.5 - 35 instead of tcyc x 1.5 - tRASD1 - tRDS· 
tRDH is measured from A21-AO or CAS, whichever is negated first. 

5. tRDH is measured from A21-AO, RAS, or CAS, whichever is negated first. 

Figure 20.25 DRAM Bus Cycle (Short Pitch, High-Speed Page Mode) 
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2. For tACC2, use !eye X (n + 2) - 44 instead of teye x (n + 2) - tAD - tRDS' 
3. For tRAC2, use !eye X (n + 2.5) - 35 instead of teye x (n + 2.5) - tRASD1 - tRDS' 
4. tRDH is measured from A21-AO, CAS, or RAS, whichever is negated first. 

Figure 20.26 DRAM Bus Cycle: (Long Pitch, Normal Mode) 
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For tCAC2, use tcyc x (n + 1) - 35 instead of tcyc x (n + 1) - tCASD2 - tRDS· 
For tACC2, use tcyc x (n + 2) - 44 instead of tcyc x (n + 2) - tAD - tRDS. 

For tRAC2, use tcyc x (n + 2.5) - 35 instead of tcyc x (n + 2.5) - tRASD1 - tRDS' 
tRDH is measured from A21-AO or CAS, whichever is negated first. 
tRDH is measured from A21-AO, RAS, or CAS whichever is negated first. 

Figure 20.27 DRAM Bus Cycle: (Long Pitch, High-Speed Page Mode) 
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Notes: 1. For tCAC2, use tcyc x (n + 1) - 35 instead of tcyc x (n + 1) - tCASD2 - tRDS. 

2. For tACC2' use tcyc x (n + 2) - 44 instead of tcyc x (n + 2) - tAD - tRDS. 

3. For tRAC2, use tcyc x (n + 2.5) - 35 instead of tcyc x (n + 2.5) - tRASD1 - tRDS. 

Figure 20.28 DRAM Bus Cycle: (Long Pitch, High-Speed Page Mode + Wait State) 
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Figure 20.32 AddresslData Multiplex 110 Bus Cycle 
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20.3.4 DMAC Timing 

Table 20.9 DMAC Timing 

Case A: Vee = 3.0 to 5.5 V, AVee = 3.0 to 5.5 V, AVee = Vee ±10%, AVref = 3.0 V to AVee, 
Vss = AVss = 0 V, Ta = -20 to +75°C* 

Case B: Vee = 5.0 V ±10%, AVee = 5.0 V ±10%, AVee = Vee ±10%, AVref = 4.5 V to AVee, 
Vss = AVss = 0 V, Ta = -20 to +75°C* 

Normal Products: Ta = -40 to +85°C for wide-temperature range products. 

Case A CaseB 

12.5 MHz 16.6 MHz 20 MHz 

Item Symbol Min Max Min Max Min Max Unit Figure 

DREQO, DREQ1 setup time tORQS 80 40 27 ns 20.34 

DREQO, DREQ1 hold time tORQH 30 30 30 ns 

DREQO, DREQ1 low level width tOHQW 1.5 1.5 1.5 tcyc 20.35 
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CK 

DREQO, DREQ1 
level 

DREQO, DREQ1 
edge 

DREQO, DREQ1 
level release _____ ----J 

tORQS 

tORQS tORQH 

tORQS 

Figure 20.34 DREQO, DREQ1 Input Timing (1) 

DREQO, DREQ1 
edge 't 

t 

I tORQW i 

i·CI----·~1 

Figure 20.35 DREQO, DREQ1 Input Timing (2) 
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20.3.5 16-bit Integrated Timer Pulse Unit Timing 

Table 20.10 16-bit Integrated Timer Pulse Unit Timing 

Case A: Vee = 3.0 to 5.5 V, AVee = 3.0 to 5.5 V, AVee = Vee ±10%, AVref = 3.0 V to AVee, 
Vss = AVss = 0 V, Ta = -20 to +75°C* 

Case B: Vee = 5.0 V ±10%, AVee = 5.0 V ±10%, AVee = Vee ±10%, AVref = 4.5 V to AVec, 
Vss = AVss = 0 V, Ta = -20 to +75°C* 

Normal Products: Ta = -40 to +85°C for wide-temperature range products. 

Item 

Output compare delay time 

Input capture setup time 

Timer clock input setup time 

Timer clock pulse width 
(single edge) 

Timer clock pulse width 
(both edges) 

CK 

Output 
compare*1 

Case A 

12.5 MHz 

Symbol Min Max 

tTocD 100 

tTiCS 50 

tTcKS 50 

tTCKWHIL 1.5 

tTcKWUL 2.5 

Case 8 

16.6 MHz 20 MHz 

Min Max Min Max Unit 

100 100 ns 

45 35 ns 

50 50 ns 

1.5 1.5 teye 

2.5 2.5 teye 

Figure 

20.36 

20.37 

Output 
capture*2 

tTICS~ 
-------.:(---

Notes: 1. TIOCAD-TIOCA4, TIOCBD-TIOCB4, TOCXA4, TOCXB4 
2. TIOCAD-TIOCA4, TIOCBD-TIOCB4 

Figure 20.36 ITU Input/Output Timing 
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CK~ 

TCLKA­
TCLKD 

tTCKWL tTCKWH 

Figure 20.37 ITU Clock Input Timing 

20.3.6 Programmable Timing Pattern Controller and 110 Port Timing 

Table 20.11 Programmable Timing Pattern Controller and 110 Port Timing 

Case A: Vee = 3.0 to 5.5 V, AVee = 3.0 to 5.5 V, AVee = Vee ±10%, AVref = 3.0 V to AVee, 
Vss = AVss = 0 V, ~ = 12.5 MHz, Ta = -20 to +75°C* 

Case B: Vee = 5.0 V ±10%, AVee = 5.0 V ±10%, AVee = Vee ±10%, AVref=4.5 V to AVee, 
Vss = AVss = 0 V, ~ = 16.6 MHz, Ta = -20 to +75°C* 

Case C: Vee = 5.0 V ±10%, AVee = 5.0 V ±10%, AVee = Vee ±10%, AVref= 4.5 V to AVee, 
Vss = AVss = 0 V, ~ = 20 MHz, Ta = -20 to +75°C* 

Nonnal Products: Ta = -40 to +85°C for wide-temperature range products. 

Cases A, Band C 

Item Symbol Min Max Unit Figure 

Port output delay time tpwD 100 ns 20.38 

Port input hold time tpRH 50 ns 

Port input setup time tpRS 50 ns 
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CK 

Ports A-C 
(read) 

Ports A-C 
(write) 

i I 

I: I 

tpRS I ! tpRH . ! 

___ ~4 ., ~r+-I------
I !~ 

------------------~~~----------

Figure 20.38 Programmable Timing Pattern Controller Output Timing 

20.3.7 Watchdog Timer Timing 

Table 20.12 Watchdog Timer Timing 

Case A: Vee = 3.0 to 5.5 V, AVee = 3.0 to 5.5 V, AVee = Vee ±10%, AVref = 3.0 V to AVee, 
Vss = AVss = 0 V, 'I> = 12.5 MHz, Ta = -20 to +75°C* 

Case B: Vee = 5.0 V ±10%, AVee = 5.0 V ±10%, AVee = Vee±10%, AVref= 4.5 V to AVee, 
Vss = AVss = 0 V, </> = 16.6 MHz, Ta = -20 to +75°C* 

Case C: Vee = 5.0 V ±10%, AVee = 5.0 V ±10%, AVee = Vee ±10%, AVref = 4.5 V to AVee, 
Vss = AVss = 0 V, </> = 20 MHz, Ta = -20 to +75°C* 

Normal Products: Ta = -40 to +85°C for wide-temperature range products. 

Cases A, Band C 

Item Symbol Min Max Unit Figure 

WDTOVF delay time tWOVD 100 ns 20.39 

CK \'--~/ \ 

WDTOVF 

Figure 20.39 Watchdog Timer Output Timing 
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20.3.8 Serial Communications Interface Timing 

Table 20.13 Serial Communications Interface Timing 

Case A: Vee = 3.0 to 5.5 V, AVee = 3.0 to 5.5 V, AVee = Vee ±10%, AVref = 3.0 V to AVee, 
Vss = AVss = 0 V, cj> = 12.5 MHz, Ta = -20 to +75°C* 

Case B: Vee = 5.0 V ±10%, AVee = 5.0 V ±10%, AVee = Vee ±10%, AVref=4.5 V to AVee, 
Vss = AVss = 0 V, cj> = 16.6 MHz, Ta = -20 to +75°C* 

Case C: Vee = 5.0 V ±1O%, AVee = 5.0 V ±10%, AVee = Vee ±10%, AVref = 4.5 V to AVee, 
Vss = AVss = 0 V, cj> = 20 MHz, Ta = -20 to +75°C* 

Nonnal Products: Ta = -40 to +85°C for wide-temperature range products. 

Item Symbol 

Input clock cycle tscyc 

Input clock cycle (clocked synchronization) tscyc 

Input clock pulse width 

Input clock rise time 

Input clock fall time 

Transmission data delay time (clocked 
synchronization) 

Receive data setup time (clocked 
synchronization) 

Receive data hold time (clocked 
synchronization) 

SCKO, SCK1 

tsckw 

tsckr 

tsckf 

tTXD 

tRXS 

tRXH 

tSCKW 
~ 
! I 

'II1II 

Cases A, Band C 

Min Max 

4 

6 

0.4 0.6 

1.S 

l.S 

100 

100 

100 

tSCKr tSCKf 
--., :+- -+: +­

r------..!! I 
! 

! ' 

tscyc 
--: 

Figure 20.40 Input Clock Timing 

Unit Figure 

tcyc 20.40 

tcyc 

tscyc 

tcyc 

tcyc 

ns 20.41 

ns 

ns 
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tscyc 

SCKO, SCK1 
I 

:tTXD 

TxDO, TxD1 
(transm ission 

data) 

~ 
-~X""'-------'X X'-----_>C 

tRXS I i tRXH 

RxDO,RxD1 
(reception data) 

:,J.-.j ~ 
--JX'------'XiJX'----><= 

Figure 20.41 SCI 1/0 Timing (Clocked Synchronization Mode) 

20.3.9 AID Converter Timing 

Table 20.14 AID Converter Timing 

Case A: Vee = 3.0 to 5.5 V, AVee = 3.0 to 5.5 V, AVee = Vee ±10%, AVref = 3.0 V to AVee, 
Vss = AVss = 0 V, 4> = 12.5 MHz, Ta = -20 to +75°C* 

Case B: Vee = 5.0 V ±10%, AVee = 5.0 V ±10%, AVee = Vee ±10%, AVref = 4.5 V to AVee, 
Vss = AVss = 0 V, 4> = 16.6 MHz, Ta = -20 to +75°C* 

Case C: Vee = 5.0 V ±10%, AVee = 5.0 V ±10%, AVee = Vee ±10%, AVref = 4.5 V to AVee, 
Vss = AVss = 0 V, 4> = 20 MHz, Ta = -20 to +75°C* 

Normal Products: Ta = -40 to +85°C for wide-temperature range products. 

Cases A, Band C 

Item Symbol Min Max Unit Figure 

External trigger input start delay time tTRGS 50 ns 20.42 

AID converter time (266 cycles) tCONV 266 tcyc 20.43 

AID converter time (134 cycles) tCONV 134 tcyc 
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CK 

ADTRG 
input 

ADCR 

CK 

Address 

Analog input 
sampling 

signals 

ADF 

Figure 20.42 External Trigger Input Timing 

I 

tCONV ~ 

~:~ ____________ tD ________ ~.114 tSPL .1 I 

I No more than I I 
3 cycles 14 cycles I II 

I I 

I I 

I ! 

Llf----i-I-
------------~Ir_f 

Figure 20.43 Analog Conversion Timing 
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20.3.10 AC Characteristics Measurement Conditions 

IOL 

LSI 
0--__.-----( 

output pin 

IOH 

CL is set as follows for each pin. 

Device under 
test output 

Vref 

30pF: CK, CASH, CASL, CSO-CS7, BREQ, BACK, AH, LRQOUT: RAS, DACKO, DACK1 

50pF: A21-AO, AD15-ADO, DPH, DPL, RD, WRH, WRL, HBS, LBS, WR 

70pF: All port outputs and peripheral module output pins other than the above. 

IOL and IOH values are as shown in section 20.2, DC Characteristics, and table 20.3, Permitted 
Output Current Values. 

Figure 20.44 Output Load Circuit 
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20.4 AID Converter Characteristics 

Table 20.15 AID Converter Characteristics (1) 

Conditions: Vee = 5.0 V ±10%, AVee = 5.0 V ±10%, AVee = Vee ±10%, AVref = 4.5 V to 
AVee, Vss = AVss = 0 V, Ta = -20 to +75°C* 

Normal Products: Ta = -40 to +85°C for wide-temperature range products. 

12.5 MHz 16.6 MHz 20 MHz 

Item Min Typ Max Min Typ Max Min Typ Max 

Resolution 10 10 10 10 10 10 10 10 10 

Conversion time 11.2 8.4 6.7 

Analog input capacitance 20 20 20 

Permissible signal-source impedance 3 3 3 

Nonlinearity error ±3 ±3 ±3 

Offset error ±3 ±3 ±3 

Full-scale error ±3 ±3 ±3 

Quantization error ±0.5 ±0.5 ±0.5 

Absolute accuracy ±4 ±4 ±4 

Table 20.15 AID Converter Characteristics (2) 

Conditions: Vee = 3.0 to 5.5 V, AVee = 3.0 to 5.5 V, AVee = Vee ±10%, AVref = 3.0 V to 
AVee, Vss = AVss = 0 V, Ta = -20 to +75°C* 

Normal Products: Ta = -40 to +85°C for wide-temperature range products. 

12.5 MHz 

Item Min Typ Max Unit 

Resolution 10 10 10 bit 

Conversion time 11.2 JlS 

Analog input capacitance 20 pF 

Permissible signal-source impedance 3 kn 

Nonlinearity error ±4.0 LSB 

Offset error ±4.0 LSB 

Full-scale error ±4.0 LSB 

Quantization error ±O.5 LSB 

Absolute accuracy ±6.0 LSB 

Unit 

bit 

jlS 

pF 

kn 

LSB 

LSB 

LSB 

LSB 

LSB 
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Appendix A On-Chip Peripheral Module Registers 

A.I List of Registers 

The addresses and bit names of the on-chip peripheral module registers are listed below. 16- and 
32-bit registers are expressed as two or four levels of 8 bits each. 
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Table A.I 8-Bit Access Space (8-bit and I6-bit accessible, 32-bit access disabled) 

Bit Name 
Address Register 7 6 5 4 3 2 1 0 Module 

H'5FFFEOO-
H'5FFFEBF 

H'5FFFECO SMR CiA CHR PE OlE STOP MP CKS1 CKSO SCI 

H'5FFFEC1 BRR (channel 0) 

H'5FFFEC2 SCR TIE RIE TE RE MPIE TEIE CKE1 CKEO 

H'5FFFEC3 TOR 

H'5FFFEC4 SSR TDRE RDRF ORER FER PER TEND MPB MPBT 

H'5FFFEC5 RDR 

H'5FFFEC6 

H'5FFFEC7 

H'5FFFEC8 SMR CiA CHR PE OlE STOP MP CKS1 CKSO SCI 

H'5FFFEC9 BRR (channel 1) 

H'5FFFECA SCR TIE RIE TE RE MPIE TEIE CKE1 CKEO 

H'5FFFECB TDR 

H'5FFFECC SSR TDRE RDRF ORER FER PER TEND MPB MPBT 

H'5FFFECD RDR 

H'5FFFECE-
H'5FFFEDF 

H'5FFFEEO ADDRAH AD9 AD8 AD7 AD6 AD5 AD4 AD3 AD2 AID 

H'5FFFEE1 ADDRAl AD1 ADO 

H'5FFFEE2 ADDRBH AD9 AD8 AD7 AD6 AD5 AD4 AD3 AD2 

H'5FFFEE3 ADDRBl AD1 ADO 

H'5FFFEE4 ADDRCH AD9 AD8 AD7 AD6 AD5 AD4 AD3 AD2 

H'5FFFEE5 ADDRCl AD1 ADO 

H'5FFFEE6 ADDRDH AD9 AD8 AD7 AD6 AD5 AD4 AD3 AD2 

H'5FFFEE7 ADDRDl AD1 ADO 

H'5FFFEE8 ADCSR ADF ADIE ADST SCAN CKS CH2 CH1 CHO 

H'5FFFEE9 ADCR TRGE -

H'5FFFEEA-
H'5FFFEEF 
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Table A.2 16-bit Access Space (In Principle, 8-bit, 16-bit and 32-bit Accessible) 

Bit Name 
Address Register 7 6 5 4 3 2 1 0 Module 

H'SFFFFOO TSTR*1 STR4 STA3 STR2 STR1· STRO ITU 

H'SFFFF01 TSNC*1 SYNC4 SYNC3 SYNC21 SYNC1 SYNCO chan-

H'SFFFF02 TMOR*1 MOF FOIA PWM4 PWM3 PWM2 PWM1 PWMO 
nels D-4 
shared) 

H'SFFFF03 TFCR*1 CM01 CMOO BFB4 E3FA4 BFB3 BFA3 

H'SFFFF04 TCRO*1 CCLRL CCLRO CKEG 1 CKEGO TPSC2 -TPSC1 TPS ITU 

H'SFFFFOS TIORO*1 10B2 10B1 lOBO 10A2 10AL 10AO chan-

H'SFFFF06 TIERO*1 OVIE IMIEB IMIEA 
nelO 

H'SFFFF07 TSRO*1 OVF IMFB IMFA 

H'SFFFF08 TCNTO 

H'SFFFF09 

H'SFFFFOA GAAO 

H'SFFFFOB 

H'5FFFFOC GRBO 

H'SFFFFOO 

H'SFFFFOE TCR1 CCLRL CCLRO CKEG 1 CKEGO TPSC2 TPSC1 TPSCO ITU 

H'SFFFFOF TIORL 10B2 10B1 lOBO 10A2 10AL 10AO chan-

H'SFFFF10 TIERI*1 OVIE IMIEB IMIEA 
nel1 

H'SFFFF11 TSR1*1 OVF IMFB IMFA 

H'SFFFF12 TCNT1 

H'SFFFF13 

H'SFFFF14 GAA1 

H'SFFFF1S 

H'SFFFF16 GAB1 

H'SFFFF17 

H'SFFFF18 TCR2*1 CCLR 1 CCLRO CKEG 1 CKEGO TPSC2 TPSC1 TPSCO ITU 

H'SFFFF19 TIOA2*1 10B2 10B1 lOBO 10A2 IOA1 10AO chan-

H'SFFFF1A TIER2*1 OVIE IMIEB IMIEA 
nel2 

H'SFFFF1B TSR2 OVF IMFB IMFA 

H'SFFFF1C TCNT2 

H'SFFFF10 

H'SFFFF1E GRA2 

H'SFFFF1F 

H'SFFFF20 GRB2 

H'SFFFF21 
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Table A.2 16-bit Access Space (In Principle, 8-bit, 16-bit and 32-bit Accessible) (cont) 

Address Register 7 

H'5FFFF22 TCR3*1 

H'5FFFF23 TIOR3*1 

H'5FFFF24 TIER3*1 

H'5FFFF25 TSR3*1 

H'5FFFF26 TCNT3 

H'5FFFF27 

H'5FFFF28 GRA3 

H'5FFFF29 

H'SFFFF2A GRB3 

H'SFFFF2B 

H'5FFFF2C BRA3 

H'SFFFF2D 

H'5FFFF2E BRB3 

H'5FFFF2F 

H'5FFFF31 TOCR*1 

H'5FFFF32 TCR4*1 

H'5FFFF33 TIOR4*1 

H'5FFFF34 TIER4*1 

H'5FFFF35 TSR4*1 

H'5FFFF36 TCNT4 

H'5FFFF37 

H'5FFFF38 GRA4 

H'5FFFF39 

H'5FFFF3A GRB4 

H'5FFFF3B 

H'5FFFF3C BRA4 

H'5FFFF3D 

H'5FFFF3E BRB4 

H'5FFFF3F 
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Bit Name 

6 5 4 3 2 1 0 Module 

CCLR1 CCLRO CKEG1 CKEGO TPSC2 TPSC1 TPSCO ITU chan-

10B2 10B1 lOBO 10A2 

OVIE 

OVF 

IOA1 10AO nel3 

IMIEB IMIEA shared) 
IMFB IMFA 

OLS4 OLS3 ITU chan­
nels Q-4 

shared 

CCLR1 CCLRO CKEG1 CKEGO TPSC2 TPSC1 TPSCO ITU chan-

10B2 10B1 lOBO 10A2 IOA1 10AO nel4 

OVIE - IMIEB IMIEA 

OVF IMFB IMFA 



TableA.2 16-bit Access Space (In Principle, 8-bit, 16-bit and 32-bit Accessible) (cont) 

Bit Name 

Address Register 7 6 5 4 3 2 1 0 Module 

H'5FFFF40 SARO*1 DMAC 

H'5FFFF41 channel 0 

H'5FFFF42 

H'5FFFF43 

H'5FFFF44 DARO*1 

H'5FFFF45 

H'5FFFF46 

H'5FFFF47 

H'5FFFF48 DMAOR*2 - PRI PRO 

H'5FFFF49 AE NMIF DME 

H'5FFFF4A TCRO*1 

H'5FFFF4B 

H'5FFFF4C -

H'5FFFF4D -

H'5FFFF4E CHCRO DM1 DMO SM1 SMO RS3 RS2 RS1 RSO 

H'5FFFF4F AM AL OS TM TS IE TE DE 

H'5FFFF50 SAR1*1 DMAC 

H'5FFFF51 channel 1 

H'5FFFF52 

H'5FFFF53 

H'5FFFF54 DARI*1 

H'5FFFF55 

H'5FFFF56 

H'5FFFF57 

H'5FFFF58 

H'5FFFF59 

H'5FFFF5A TCR1*1 

H'5FFFF5B 

H'5FFFF5C -

H'5FFFF5D -

H'5FFFF5E CHCR1 DMII DMO SM1 SMO RS3 RS2 RS1 RSO 

H'5FFFF5F AM AL DS TM TS IE TE DE 
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Table A.2 16-bit Access Space (In Principle, 8-bit, 16-bit and 32-bit Accessible) (cont) 

BitName 

Address Register 7 6 5 4 3 2 1 0 Module 

H'5FFFF60 SAR2*1 DMAC 

H'5FFFF61 channel 2 

H'5FFFF62 

H'5FFFF63 

H'5FFFF64 DAR2*1 

H'5FFFF65 

H'5FFFF66 

H'5FFFF67 

H'5FFFF68 

H'5FFFF69 

H'5FFFF6A TCR2*1 

H'5FFFF6B 

H'5FFFF6C -

H'5FFFF6D -

H'5FFFF6E CHCR2 DM1 DMO SM1 SMO RS3 RS2 RS1 RSO 

H'5FFFF6F AM AL DS TM TS IE TE DE 

H'5FFFF70 SAR3*1 DMAC 

H'SFFFF71 channel 3 

H'SFFFF72 

H'5FFFF73 

H'SFFFF74 DAR3*1 

H'5FFFF75 

H'5FFFF76 

H'5FFFF77 

H'5FFFF78 

H'SFFFF79 

H'5FFFF7 A TCR3*1 

H'5FFFF7B 

H'5FFFF7C -

H'5FFFF70 -

H'5FFFF7E CHCR3 DM1 DMO SM1 SMO RS3 RS2 RS1 RSO 

HSFFFF7F AM AL OS TM TS IE TE DE 
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Table A.2 16-bit Access Space (In Principle, 8-bit, 16-bit and 32-bit Accessible) (cont) 

BitName 

Address Register 7 6 5 4 3 2 1 o Module 

H'5FFFFBO-­
H'5FFFFB3 

H'5FFFFB4 I PRA 

H'5FFFFB5 

H'5FFFFB6 I PRB 

H'5FFFFB7 

H'5FFFFBB IPRC 

H'5FFFFB9 

H'5FFFFBA IPRO 

H'5FFFFBB 

H'5FFFFBC I PRE 

H'5FFFFBO 

H'5FFFFBE ICR 

H'5FFFFBF 

H'5FFFF90 BARH 

H'5FFFF91 

H'5FFFF92 BARL 

H'5FFFF93 

H'5FFFF94 BAMRH 

H'5FFFF95 

H'5FFFF96 BAMRL 

H'5FFFF97 

H'5FFFF9B BBR 

H'5FFFF99 

H5FFFF9A-­
H'5FFFF9F 

NMIL - NMIE 

IRCOS IRC1S IRC2S IRC3S IRC4S IRC5S IRC6S IRQ7S 

BA31 BA30 BA29 BA2B BA27 BA26 BA25 BA24 

-BA23 BA22 BA21 BA20 BA19 BAIB BAI7 BAI6 

BA15 BA14 BA13 BA12 BA11 BA10 BA9 BA8 

BA7 BA6 BA5 BA4 BA3 BA2 BA1 BAO 

BAM31 BAM30BAM29BAM2BBAM27BAM26BAM25BAM24 

BAM23 BAM22 BAM21 BAM20BAM19BAM1BBAM17BAM16 

BAM15 BAM14 BAM13 BAM12 BAM11 BAM10 BAM9 BAMB 

BAM7 BAM6 BAM5 BAM4 BAM3 BAM2 BAM1 BAMO 

C01 COO 101 100 RW1 RWO SZ1 SZO 

INTC 

UBC 
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Table A.2 16-bit Access Space (In Principle, 8-bit, 16-bit and 32-bit Accessible) (cont) 

BitName 

Address Register 7 6 5 4 3 2 1 0 Module 

H'SFFFFAO BCR DRAME IOE WARP RDDTYBAS BSC 

H'SFFFFA1 

H'SFFFFA2 WCR1 RW7 RW6 RWS RW4 RW3 RW2 RW1 RWO 

H'SFFFFA3 WW1 

H'SFFFFA4 WCR2 DRW7 DRW6 DRWS DRW4 DRW3 DRW2 DRW1 DRWO 

H'SFFFFAS DWW7 DWW6 DWWS DWW4 DWW3 DWW2 DWW1 DWWO 

H'SFFFFA6 WCR3 WPU A02LW1 A02LWO A6LW1 A6LWO-

H'SFFFFA7 

H'SFFFFAB DCR CW2 RASD TPC BE CDTY MXE MXC1 MXCO 

HSFFFFA9 

H'SFFFFAA PCR PEF PFRC PEO PCHK1 PCHKO 

H'SFFFFAB 

H'SFFFFAC RCR 

H'SFFFFAD RFSHE RMODE RLW1 RLWO 

H'SFFFFAE RTCSR 

H'SFFFFAF CMF CMIE CKS2 CKS1 CKSO 

H'SFFFFBO RTCNT 

H'SFFFFB1 

H'SFFFFB2 RTCOR 

H'SFFFFB3 

H'SFFFFB4- -
H'SFFFFB7 

H'SFFFFB8 TCSR*3 OVF WTil-T TME CKS2 CKS1 CKSO WDT 

H'SFFFFB9 TCNT*3 

H'SFFFFBA 

H'SFFFFBB RSTCSR*3 WOVF RSTE RSTS 

H'SFFFFBC SBYCR SBY HIZ Power 
down 
state 

H'SFFFFBD--
H'5FFFFBF 
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Table A.2 16-bit Access Space (In Principle, 8-bit, 16-bit and 32-bit Accessible) (cont) 

BitName 

Address Register 7 6 5 4 3 2 1 0 Module 

H5FFFFCO PADR PA15 PA14 PA13 PA12 PA11 PA10 PA9 PAS Port A 
DR DR DR DR DR DR DR DR 

H'5FFFFC1 PA7 PA6 PA5 PA4 PA3 PA2 PA1 PAO 
DR DR DR DR DR DR DR DR 

H5FFFFC2 PBOR PB15 PB14 PB13 PB12 PB11 PS10 PB90 PBSO Port B 
DR DR DR DR DR DR R R 

H5FFFFC3 PB7 PB6 PB5 PB4 PB3 PB2 PB1 PBO 
DR DR \ DR DR DR DR DR DR 

H'5FFFFC4 PAIOR PA15 PA14 PA13 PA12 PA11 PA10 PA9 PAS PFC 
lOR lOR lOR lOR lOR lOR lOR lOR 

H5FFFFC5 PA7 PA6 PA5 PA4 PA3 PA2 PA1 PAO 
lOR lOR lOR lOR lOR lOR lOR lOR 

H'5FFFFC6 PBIOR PB15 PB14 PB13 PB12 PB11 PB10 PB9 PBS 
lOR lOR lOR lOR lOR lOR lOR lOR 

HSFFFFC7 PB7 PB6 PB5 PB4 PB3 PB2 PB1 PBO 
lOR lOR lOR lOR lOR lOR lOR lOR 

H'5FFFFCB PACR1 PA15 PA15 PA14 PA14 PA13 PA13 PA12 PA12 
M01 MDO M01 MOO MD1 MDO MD1 MOO 

H'5FFFFC9 PA11 PA11 PA10 PA10 PA9 PA9 PAS 
M01 MOO M01 MOO M01 MOO MO 

H'5FFFFCA PACR2 PA7 PA6 PA5 PA4 
MO MD MD MD 

H'5FFFFCB PA3 PA3 PA2 PA2 PA1 PA1 PAO PAO 
MD1 MOO M01 MDO M01 MDO M01 MDO 

H'5FFFFCC PBCR1 PB15 PB15 PB14 PB14 PB13 PB13 PB12 PB12 
M01 MOO M01 MOO MOl MOO M01 MOO 

H'5FFFFCO PS11 PB11 PB10 PB10 PB9 PB9 PBS PBS 
M01 MDO MD1 MOO MD1 MDO MD1 MOO 

H'5FFFFCE PBCR2 PB7 PB7 PB6 PS6 PB5 PB5 PB4 PB4 
M01 MOO M01 MOO M01 MOO M01 MOO 

H'5FFFFCF PB3 PB3 PB2 PS2 PB1 PB1 PBO PBO 
MD1 MOO M01 MDO M01 MDO M01 MDO 

H'5FFFFDO PCDR Port C 

H'5FFFF01 PC7 PC6 PC5 PC4 PC3 PC2 PC1 PCO 
DR DR DR DR DR DR DR DR 
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Table A.2 16-bit Access Space (In Principle, 8-bit, 16-bit and 32-bit Accessible) (cont) 

BitName 

Address Register 7 6 5 4 3 

H'5FFFFD2- -
H'5FFFFED 

H'SFFFFEE CASCR CASH CASH CASL CASL 

H'SFFFFEF 

H'5FFFFFO TPMR 

H'5FFFFF1 TPCR 

H'SFFFFF2 NDERH 

H'SFFFFF3 NDERL 

H'SFFFFF4 NDRB' 

H'SFFFFF5 NDRA' 

MD1 MDO MD1 MDO 

G3C 
MS1 

NDE 
R1S 

NDE 
R7 

G3C 
MSO 

NDE 
R14 

NDE 
R6 

G2C 
MS1 

NDE 
R13 

NDE 
RS 

G3N 
OV 

G2C G1C 
MSO MS1 

NDE NDE 
R12 R11 

NDE NDE 
R4 R3 

NDR15 NDR14 NDR13 NDR12-

NDR7 NDR6 NDRS NDR4 

2 1 o 

G2N G1N GON 
OV OV OV 

G1C GOC GOC 
MSO MS1 MSO 

NDE NDE NDE 
R10 R9 R8 

NDE NDE NDE 
R2 R1 RO 

H'SFFFFF6 NDRB' NDR11 NDR10NDR9 NDR8 

H'SFFFFF7 NDRA' NDR3 NDR2 NDR1 NDRO 

H'SFFFFF8 

H'SFFFFFF 

Notes 1. Only 16-bit and 32-bit accessible. 8-bit access disabled. 

2. Register shared by all channels. 

Module 

PFC 

TPC 

3. Address for read. For writing, the addresses are H'5FFFFB8 for TCR and TCNT and 
H'5FFFFBA for RSTCSR. For more information, see section 12, Watchdog Timer, 
particularly section 12.2.4, Points to Note When Accessing Registers. 

4. When the output triggers for TPC output group 0 and TPC output group 1 set by TPCR 
are the same, the NDRA address is H'5FFFFFS; when the output triggers are different, 
the NDRA for group 0 is H'5FFFFF7 and the NDRA address for group 1 is H'5FFFFF5. 
Likewise, when the output triggers for TPC output group 2 and TPC output group 3 set 
by TPCR are the same, the NDRB address is H'5FFFFF4; when the output triggers are 
different, the NDRB for group 2 is H'SFFFFF6 and the NDRB address for group 3 is 
H'5FFFFF4. 
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A.2 Register Tables 

A.2.t Serial Mode Register (SMR) SCI 

• Top Address: H'5FFFECO (channel 0), H'5FFFEC8 (channell) 

• Bus Width: 8/16 

Register Overview: 

Bit: 7 6 5 4 3 2 1 0 

Bit name: I CIA CHR PE OlE STOP MP CKS1 CKSO 

Initial value: 0 0 0 0 0 0 0 0 

RIW: AIW RIW AIW RIW RIW RIW R/W AIW 

Table A.3 SMR Bit Functions 

Bit Bit name Value* Description 

7 Communications mode (CiA) 0 Start-stop synchronous mode (initial setting) 

Clock synchronous mode 

6 Character length (CHA) 0 8-bit data (initial setting) 

7-bit data 

5 Parity enable (PE) 0 Add parity bit and disable check (initial setting) 

1 Add parity bit and enable check 

4 Parity mode (OlE) 0 Even parity (initial setting) 

Odd parity 

3 Stop bit length (STOP) 0 1 stop bit (initial setting) 

2 stop bits 

2 Multiprocessor mode (MP) 0 Multiprocessor function disabled (initial setting) 

Multiprocessor function selected 

1,0 Clock select 1, 0 (CKS1, CKSO) 0 0 $ clock (initial setting) 

0 $/4 clock 

0 $/8 clock 

$/16 clock 

Note: When 2 or more bits are treated as a group, the left side is the top bit and the right the lower 
bit. 
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A.2.2 Bit Rate Register (BRR) SCI 

- Top Address: H'5FFFECl (channel 0), H'5FFFEC9 (channell) 

- Bus Width: 8116 

-Register Overview: 

Bit: 7 6 5 4 3 2 0 

Bit name: I 
Initial value: 1 1 1 1 1 1 1 1 

R/W: R/W AIW R/W R/W R/W R/W AIW R/W 

Table A.4 BBR Bit Functions 

Bit Bit name Description 

7-0 (Bit rate setting) Set serial transmission/reception bit rate 

A.2.3 Serial Control Register (SCR) SCI 

- Top Address: H'5FFFEC2 (channel 0), H'5FFFECA (channell) 

- Bus Width: 8/16 

Register Overview: 

Bit: 7 6 5 4 3 2 0 

Bit name: I TIE AlE TE AE MPIE TEIE CKE1 CKEO 

Initial value: 0 0 0 0 0 0 0 0 

AIW: R/W AIW AIW R/W R/W R/W AIW R/W 
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Table A.S SCR Bit Functions 

Bit Bit Name 

7 Transmit interrupt 
enable (TI E) 

6 Receive interrupt 
enable (RIE) 

Value Description 

o 

o 

Disables transmission data empty interrupt request (TXI) (initial 
setting) 

Enables transmission data empty interrupt request (TXI) 

Disables receive data full interrupt request (RXI) and receive 
error interrupt request (ERI) (initial setting) 

Enables receive data full interrupt request (RXI) and receive 
error interrupt request (ERI) 

5 Transmit enable (TE) 0 Disables transmission operation (initial setting) 

Enables transmission operation 

4 Receive enable (RE) 0 Disables reception operation (initial setting) 
--------------------------------------------------

Enables reception operation 

3 Multiprocessor int- 0 Multiprocessor interrupts disabled (Does ordinary receive 
operation; initial setting). . errupt enable (MPIE)-

2 Transmit end inter­
rupt enable (TEIE) 

Clock enable 1 
(CKE1) 

o Clock enable 0 
(CKEO) 

Clear conditions: (1) MPIE bit cleared to zero; (2) When the 
data MPB = 1 is received. 

Multiprocessor interrupts enabled. Disables reception inter­
rupts until the data multiprocessor bit = 1 is received (RXI), 
reception error interrupts (ERI) and setting of flags for RDRF, 
FER and ORER of SSR. 

o Disables transmission interrupt requests (TEl) (Initial setting) 

Enables transmission interrupt requests (TEl) 

o 0 Start-stop synch- Internal clock/SCK pin is input pin (input 
ronous mode signal ignored) or output pin (output level 

undetermined) (initial setting) 

Clock synch-ronous Internal clock/SCK pin is synch-ronous 
mode clock output (initial setting) 

o Start-stop synch- Internal clock/SCK pin is clock output 
ronous mode 

Clock synch-ronous Internal clock/SCK pin is synchronous 
mode clock output 

o Start-stop synch- External clock/SCK pin is clock input 
ronous mode 

Clock synch-ronous External clock/SCK pin is synchronous 
mode clock input 

Start-stop synch- External clock/SCK pin is clock input 
ronous mode 

Clock synch-ronous External clock/SCK pin is synchronous 
mode clock input 
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A.2.4 Transmit Data Register (TOR) SCI 

• Top Address: H'5FFFEC3 (channel 0), H'5FFFECB (channell) 

• Bus Width: 8116 

Register Overview: 

Bit: 7 6 5 4 3 2 0 

Bit name: I 
Initial value: 1 1 1 1 1 1 1 

R1W: RIW RNV RIW RIW RIW RNV RNV RIW 

Table A.6 TDR Bit Functions 

Bit Bit name Description 

7-0 (Transmit data storage) Store data to be serial transmitted 

A.2.S Serial Status Register (SSR) SCI 

• Top Address: H'5FFFEC4 (channel 0), H'5FFFECC (channel 1) 

• Bus Width: 8116 

• Register Overview: 

Bit: 7 6 5 4 3 2 0 

Bit name: I TORE RDRF I ORER I FER PER TEND MPB MPBT I 
Initial value: 1 0 0 0 0 1 0 0 

R1W: R/(W)* R/(W)* R/(W)* R/(W)* R/(W)* R R RIW 
Note: Write 0 to clear the flags. 

520 HITACHI 



TableA.7 SSR Bit Functions 

Bit Bit name Value 

7 Transmit data 0 
register empty 
(TORE) 

6 Receive data 0 
register full 
(RDRF) 

5 Overrun error 0 
(ORER) 

4 Framing error 0 
(FER) 

3 Parity error 0 
(PER) 

Description 

Indicates that valid transmission data has been written to TOR 

Clear Conditions: (1) 0 written after TORE = 1 status is read; (2) Data 
written to TOR by OMAC 

Indicates that there is no valid transmission data in TOR (Initial setting) 

Set Conditions: (1) Reset or standby mode; (2) TE bit of SCR is 0; (3) 
Data transferred to TSR from TOR and data writing to TOR enabled. 
(Initial setting) 

Indicates that valid reception data is stored to ROA. (Initial setting) 

Clear Conditions: (1) Reset or standby mode; (2) 0 written after RORF 
= 1 is read; (3) Data read to RDR by DMAC (Initial setting) 

Indicates that there is no valid reception data stored in ROR 

Set Conditions: Serial reception ends normally and data is transferred 
to RDR from RSR 

Indicates that it is receiving or reception has ended normally (Initial 
setting) 

Clear Conditions: Reset or standby mode; (2) 0 written after ORER = 1 
is read 

Indicates that an overrun error occurred in reception 

Set Conditions: The next serial reception ends while RORF = 1 

Indicates that it is receiving or reception has ended normally (Initial 
setting) 

Clear Conditions: Reset or standby mode; (2) 0 written after FER = 1 
is read 

Indicates that a framing error occurred in reception 

Set Conditions: When the stop bit at the very end of the reception data 
when the SACI finishes receiving has been checked to see if it is 1 or 
not and the stop bit is 0 

Indicates that it is receiving or reception has ended normally (Initial 
setting) 

Clear Conditions: Reset or standby mode; (2) 0 written after PER = 1 
is read 

Indicates that a parity error occurred in reception 

Set Conditions: When the number of 1's in the reception data and 
parity bit together during reception is not consistent with the even/odd 
parity setting specified in the OlE bit of the serial mode register (SMR). 
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Table A.tt SSR Bit Functions (cont) 

Bit Bit name Value Description 

2 Transmit end 0 
(TEND) 

Multiprocessor 0 
bit (MPB) 

Indicates that it is transmitting 

Clear Conditions: (1) 0 written to the TORE flag after TORE = 1 is 
read; (2) Data written to TOR by DMAC 

Indicates that transmission has ended (Initial setting) 

Set Conditions: (1) Reset or standby mode; (2) TE bit of SCR is 0; (3) 
when TORE = 1 when the final bit of a 1-byte serial transmission 
character is transmitted 

Displays that the multiprocessor bit = 0 data has been received (initial 
setting) 

Displays that the multiprocessor bit = 1 data has been received 

o Multiprocessor 0 0 transmitted as the multiprocessor bit (initial setting) 
bit transfer ---1-t-ra-n-sm-itt-e-d-a-s-th-e-m-u-lti-p-ro-c-e-ss-o-r-b-it-----------
(MPBT) 

A.2.6 Receive Data Register (RDR) SCI 

• Top Address: H'5FFFEC5 (channel 0), H'5FFFECD (channel 1) 

• Bus Width: 8/16 

Register Overview: 

Bit: 7 6 5 4 3 2 0 

Bit name: I 
Initial value: 0 0 0 0 0 0 0 0 

R1W: R R R R R R R R 

Bit Bit name Description 

7-0 (Receive serial data storage) Store the serial data received. 
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A.2.7 AID Data Register AH-DL (ADDRAH-ADDRL) AID 

- Top Address: H'SFFFEEO, H'SFFFEEI, H'SFFFEE2, H'SFFFEE3, H'SFFFEE4, H'SFFFEES, 
H'SFFFEE6, H'SFFFEE7 

- Bus Width: 8/16 

-Register Overview: 

Bit: 15 14 13 12 11 10 9 a 

Bit name: I AD9 ADa AD7 AD6 AD5 AD4 AD3 AD2 

Initial value: 0 0 0 0 0 0 0 0 

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

Bit: 7 6 5 4 3 2 0 

Bit name: I AD1 ADO 

Initial value: 0 0 0 0 0 0 0 0 

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

Table A.S ADDRAH-ADDRL Bit Functions 

Bit Bit name Description 

15-8 AID data 9-2 Stores top a bits of AID conversion results 

7,6 AID data 1,0 Stores top 2 bits of AID conversion results 

A.2.S AID Control/Status Register (ADCSR) AID 

- Top Address: H'SFFFEF8 

- Bus Width: 8/16 

Register Overview: 

Bit: 7 6 5 4 3 2 0 

Bit name: I ADF ADIE ADST SCAN CKS CH2 CH1 CHO 

Initial value: 0 0 0 0 0 1 0 0 

R/W: R/(W)* R/W RIW RIW R/W RIW R/W RIW 

Note: Write 0 to clear the flags. 

HITACHI 523 



Table A.9 ADCSR Bit Functions 

Bit 

7 

6 

5 

Bit name 

AID end flag (ADF) 

AID interrupt enable 
(ADF) 

AID start (ADST) 

Value Description 

o Clear conditions: (1) 0 written to ADF after ADF is read 
while ADF = 1; (2) DAMC started up by ADI interrupt and 
AID converter register is accessed (Initial setting) 

Set Conditions: (1) Single mode: AID conversion ends; (2) 
Scan mode: NO conversion of all channels set has ended. 

o Disable interrupt requested by AID conversion (ADI) (initial 
setting) 

o 
Enable interrupt requested by AID conversion (ADI) 

Disable AID conversion (initial setting) 

(1) Single mode: Start AID conversion and when conversion 
ends, automatically cleared to zero; (2) Scan mode: Start 
AID conversion and sequentially continue converting the 
selected channels until zeroed out by software, reset or 
standby mode. 

4 Scan mode (SCAN) 0 Single mode (initial setting) 
----------------------------------------------
1 Scan mode 

3 Clock select (CKS) 0 Conversion time = 236 cycles 0 (initial setting) 
----------------------------------------------
1 Conversion time = 134 cycles 0 

2-0 Channel select 2-0 CH2 CH1 CHO Single mode Scan mode 
----------------------------------------------
o 0 0 ANO (initial) ANO (initial) 

AN1 ANO, AN1 

o AN2 ANo-AN2 

AN3 ANo-AN3 

o o o AN4 AN4 

AN5 AN4, AN5 

o AN6 AN4-AN6 

AN7 AN4-AN7 

Note: 0 or 1 
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A.2.9 AID Control Register (ADCR) 

- Top Address: H'5FFFEE9 

- Bus Width: 8/16 

Register Overview: 

Bit: 7 6 

Bit name: I TRGE I 
Initial value: 0 

RIW: RIW 

Table A.10 ADCR Bit Functions 

AID 

5 4 3 2 o 

Bit Bit name . Value Description 

7 Trigger enable bit (TRGE) 0 

A.2.10 Timer Start Register (TSTR) 

- Top Address: H'5FFFFOO 

- Bus Width: 8 

-Register Overview: 

Disable start of ND conversion by external trigger 
(initial setting) 

Enable start of ND conversion by rise edge of 
external conversion trigger input pin (ADTRG) 

lTV 

Bit: 7 6 5 4 3 2 0 
Bit name: 1r----.------r----.-S-T-R-4--.--S-T-R-3-r-ST-R-2---.-S-TR-1 ---r--S-T-R-O--' 

Initial value: 0 0 0 0 0 

RIW: RIW RIW RIW RIW RNJ 
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Table A.II TSTR Bit Functions 

Bit Bit name Value Description 

4 Counter start 4 (STR4) 0 Count operation of TCNT 4 stops (initial setting) 

TCNT 4 counts 

3 Counter start 3 (STR3) 0 Count operation of TCNT 3 stops (initial setting) 

TCNT3 counts 

2 Counter start 2 (STR2) 0 Count operation of TCNT 2 stops (initial setting) 

TCNT2 counts 

Counter start 1 (STR1) 0 Count operation of TCNT 1 stops (initial setting) 

1 TCNT1 counts 

0 Counter start 0 (STRO) 0 Count operation of TCNT 0 stops (initial setting) 

TCNTO counts 

A.2.II Timer Synchronization Register (TSNC) lTV 

• Top Address: H'5FFFFOI 

• Bus Width: 8 

• Register Overview: 

Bit: 7 6 5 4 3 2 1 ° 
Bit name: IL-__ L--_----L..-__ .l-I _SY_N_C_4...l....I_SY_N_C_3-L.I_SY_N_C_2-L.I_S_YN_C_1-LI_s_YN_C----'O I 

Initial value: 0 0 0 0 0 

R1W: RIW RIW RIW RNI RIW 

Note: Not determined. 
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Table A.12 TSNC Bit Functions 

Bit Bit name Value Description 

4 Timer sync 4 (SYNC4) 0 Independent operation of channel 4 timer counter 
(TCNT4) (initial setting) (preset/clear of TCNT4 is 
unrelated to other channels) 

Channel 4 operation is synchronous. TCNT 4 
sync preset/sync clear enabled. 

3 Timer sync 3 (SYNC3) 0 Independent operation of channel 3 timer counter 
(TCNT3) (initial setting) (preset/clear of TCNT3 is 
unrelated to other channels) 

Channel operation is synchronous. TCNT3 sync 
preset/sync clear enabled. 

2 Timer sync 2 (SYNC2) 0 Independent operation of channel 2 timer counter 
(TCNT2) (initial setting) (preset/clear of TCNT2 is 
unrelated to other channels) 

Channel operation is synchronous. TCNT2 sync 
preset/sync clear enabled. 

Timer sync 1 (SYNC 1) 0 Independent operation of channel 1 timer counter 
(TCNT1) (initial setting) (preset/clear of TCNT1 is 
unrelated to other channels) 

Channel operation is synchronous. TCNT1 sync 
preset/sync clear enabled. 

0 Timer sync 0 (SYNCO) 0 Independent operation of channel 0 timer counter 
(TCNTO) (initial setting) (preset/clear of TCNTO is 
unrelated to other channels) 

Channel operation is synchronous. TCNTO sync 
preset/sync clear enabled. 
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A.2.12 Timer Mode Register (TMDR) lTV 

• Top Address: H'5FFFF02 

• Bus Width: 8 

-Register Overview: 

Bit: 7 6 5 4 3 2 0 

Bit name: I MDF FDIA ! PWM4! PWM3 ! PWM2! PWM1 ! PWMO I 
Initial value: * 0 0 0 0 0 0 0 

R/W: AIW R/W R/W RIW AIW AIW RIW 
Note: Initial value not determined. 

Table A.13 TMDR Bit Functions 

Bit Bit name Value Description 

6 Phase count mode (MDF) 0 Channel 2 operates normally (initial setting) 

Channel 2 in phase count mode 

5 Flag direction (FDIA) 0 OVF of TSA2 set to 1 when TCNT2 overflows or 
underflows (initial setting) 

OVF of TSA2 set to 1 when TCNT2 overflows 

4 PWM mode 4 (PWM4) 0 Channel 4 operates normally (initial setting) 

Channel 4 in PWM mode 

3 PWM mode 3 (PWM3) 0 Channel 3 operates normally (initial setting) 

Channel 3 in PWM mode 

2 PWM mode 2 (PWM2) 0 Channel 2 operates normally (initial setting) 

1 Channel 2 in PWM mode 

PWM mode 1 (PWM1) 0 Channel 1 operates normally (initial setting) 

1 Channel 1 in PWM mode 

0 PWM mode 0 (PWMO) 0 Channel 0 operates normally (initial setting) 

Channel 0 in PWM mode 
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A.2.13 Timer Function Control Register (TFCR) 

- Top Address: H'5FFFF03 

lTV 

- Bus Width: 8 

-Register Overview: 

Bit: 7 6 5 4 3 2 0 

Bit name: I CMD1 CMDO BFB4 BFA4 BFB3 BFA3 

Initial value: 0 0 0 0 0 0 

RIW: RNI/ RIW RIW RIW RIW RNI/ 

Note: Not determ ined 

Table A.14 TFCR Bit Functions 

Bit Bit name Value Description 

5,4 Combination modes 1, 0 (CMD1 , 0 0 Channel 3 and 4 always operate (initial setting) 
CMDO) 

3 Buffer mode B4 (BFB4) 

2 Buffer mode A4 (BFA4) 

Buffer mode B3 (BFB3) 

o Buffer mode A3(BFA3) 

o 1 Channel 3 and 4 always operate 

o Channels 3 and 4 are combined to operate in 
complementary PWM mode 

Channels 3 and 4 are combined to operate in 
reset synchronization PWM mode 

o GRB4 always operates (initial setting) 

GRB4 and BRB4 operate as buffers 

o GRA4 always operates (initial setting) 

GRA4 and BRA4 operate as buffers 

o GRB3 always operates (initial setting) 

GRB3 and BRB3 operate as buffers 

o GRA3 always operates (initial setting) 

1 GRA3 and BRA3 operate as buffers 
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A.2.14 Timer Control Registers 0-4 (TCRO-TCR4) ITU 

• Top Address: H'SFFFF04 (channel 0), H'SFFFFOE (channell), H'SFFFF18 (channel 2), 
H'SFFFF22 (channel 3), H'SFFFF32 (channel 4) 

• Bus Width: 8 

• Register Overview: 

Bit: 7 6 5 4 3 2 1 0 

Bit name: ""-1 -------,'r-"C-C-l-R 1-,'---C-C-l-RO---',-C-K-EG-1---',-C-K-EG-O--',r-"T-P-SC-2---',-T-P-SC-1---',r-"T-P-SC-o--'1 

Initial value: 

R1W: 
Note: Not determined 

o 
RIW 

o 
RIW 

o 
RIW 

o 
RIW 

o 
RIW 

o 
RIW 

o 
RIW 

Table A.IS TCRO-TCR4 Bit Functions 

Bit Bit name Value Description 

6,5 Counter clear 1, 0 (CClR1, 0 0 Disable TCNT clear (initial setting) 
CClRO) 

o Clear TCNT upon GRA compare match/input capture 

4,3 Clock edge 1, 0 (CKEG 1, 0 
CKEGO) 

2-0 Timer prescalar 2-0 
(TPSC2-TPSCO) 

Note: 0 or 1 
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0 

1 

0 

0 

0 

0 

o Clear TCNT upon GRB compare match/input capture 

Synchronization clear. Clear TCNT synchronous to 
the counter clear of other timer operating in sync. 

o Count upon rise edge (initial setting) 

Count upon fall edge 

• Count on both rise and fall edges. 

0 0 Internal clock: Count upon <1> (initial setting) 

0 1 Internal clock: Count upon <1>/2 

0 Internal clock: Count upon <1>/4 

1 Internal clock: Count upon <1>/8 

0 0 External clock A: Count upon TClKA pin input 

0 1 External clock B: Count upon TClKB pin input 

0 External clock C: Count upon TClKC pin input 

External clock D: Count upon TCLKD pin input 



A.2.IS Timer 110 Control Registers 0-4 (TIORO-TIOR4) ITU 

- Top Address: H'SFFFFOS (channel 0), H'SFFFFOF (channel 1), H'SFFFFI9 (channel 2), 
H'SFFFF23 (channel 3), H'SFFFF33 (channel 4) 

- Bus Width: 8 

-Register Overview: 

Bit: 7 6 5 4 3 2 0 

Bit name: I IOB2 IOB1 lOBO IOA2 IOA1 10AO 

Initial value: 0 0 0 0 0 0 

RIW: RIW RIW R/W R/W R/W RIW 

Note: Not determined 

Table A.I6 TIOO-TI04 Bit Functions 

Bit Bit name Value Description 

6-4 I/O control B2-o 0 0 0 GRB is the Disable pin output due to compare match (initial 
(IOB2-IOBO) output setting) 

0 0 compare Output 0 on GRB compare match 

0 0 register Output 1 on GRB compare match 

0 Toggle output on GRB compare match (1 output 
on channel 2 only) 

0 0 GRB is the Input capture to GRB upon rise edge 

0 input capture Input capture to GRB upon fall edge 

1 - register Input capture upon both rise and fall edges. 

2-0 I/O control A2-o 0 0 0 GRA is the Disable pin output due to compare match (initial 
(IOA2-IOAO) output setting) 

0 0 1 compare Output 0 on GRA compare match 

0 0 register Output 1 on GRA compare match 

0 Toggle output on GRA compare match (1 output 
on channel 2 only) 

0 0 GRA is the Input capture to GRA upon rise edge 

0 input capture Input capture to GRA upon fall edge 

1 - register Input capture upon both rise and fall edges. 

Note: o or 1 
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A.2.16 Timer Interrupt Enable Registers 0-4 (TIERO-TIER4) lTV 

• Top Address: H'SFFFF06 (channel 0), H'SFFFFIO (channel 1), H'SFFFFIA (channel 2), 
H'SFFFF24 (channel 3), H'SFFFF34 (channel 4), 

• Bus Width: 8 

Register Overview: 

Bit: 7 6 5 4 3 2 1 0 

Bit name: I OVIE IMIEB IMIEA 

Initial value: 0 0 0 

R1W: RIW RIW RIW 
Note: Not determined 

Table A.17 TIERO-TIER4 Bit Functions 

Bit Bit name Value Description 

2 Overflow interrupt enable (OVIE) o 

Input capture/compare match interruptO 
enable B (IMIEB) 

o Input capture/compare match interruptO 
enable A (IMIEA) 

532 HITACHI 

Disable interrupt request by OVF (OVI) (initial 
setting) 

Enable interrupt request by OVF (OVI) 

Disable interrupt request by IMFB (IMIB) 
(initial setting) 

Enable interrupt request by IMFB (lMIB) 

Disable interrupt request by IMFA (IMIA) 
(initial setting) 

Enable interrupt request by IMFA (IMIA) 



A.2.I7 Timer Status Registers 0-4 (TSRO-TSR4) lTV 

• Top Address: H'5FFFF07 (channel 0), H'5FFFFII (channel 1), H'5FFFFIB (channel 2), 
H'5FFFF25 (channel 3), H'5FFFF35 (channel 4), 

• Bus Width: 8 

Register Overview: 

Bit: 7 6 5 4 3 2 o 

Bit name: IL--__ ..L-__ -'--__ --L __ --'-___ -'---_O_V_F----'-_IM_F_B_'---I_M_F_A--.J 

Initial value: * 1 0 0 0 

R1W: RJ(W)*2 RJ(W)*2 RJ(W)*2 

Notes: 1. Not determined 

2. Write 0 to clear the flags. 

Table A.IS TSRO-TSR4 Bit Functions 

Bit Bit name Value Description 

2 Overflow flag (OVF) o Clear conditions: With OVF = 1, 0 is written to 
OVF after OVF is read. (initial setting) 

Input capture/compare match flag 0 
B (lMFB) 

Input capture/compare match flag 0 
A (IMFA) 

Set conditions: TCNT value overflows (H'FFFF ~ 
H'OOOO) or underflows (H'FFFF ~ H'OOOO) 

Clear conditions: With IMFB = 1, 0 is written to 
IMFB after IMFB is read. (initial setting) 

Set conditions: (1) When GRB is functioning as 
the output compare register, when TCNT = GRB; 
(2) When GRB is functioning as the input capture 
register, when the TCNT value is transferred to 
GRB by the input capture signal. 

Clear conditions: With IMFA = 1, 0 is written to 
IMFA after IMFA is read. (initial setting) 

Set conditions: (1) When GRA is functioning as 
the output compare register, when TCNT = GRA; 
(2) When GRA is functioning as the input capture 
register, when the TCNT value is transferred to 
GRA by the input capture signal. 
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A.2.tS Timer Counter 0-4 (TCNTO-TCNT4) ITU 

- Top Address: H'SFFFF08 (channel 0), H'SFFFF12 (channel 1), H'SFFFFIC (channel 2), 
H'SFFFF26 (channel 3), H'SFFFF36 (channel 4) 

- Bus Width: 8/16/32 

-Register Overview: 

Bit: 15 14 13 12 11 10 9 8 

Bit name: I 
Initial value: 0 0 0 0 0 0 0 0 

RIW: RIW RIW RIW RIW RIW RIW RIW RIW 

Bit: 7 6 5 4 3 2 0 

Bit name: I 
Initial value: 0 0 0 0 0 0 0 0 

RIW: RIW RIW RIW RIW RIW RIW RIW RIW 

Table A.t9 TCNTO-TCNT4 Bit Functions 

Bit Bit name Description 

15-0 (Count value) Count input clocks 

534 HITACHI 



A.2.19 General Registers A0-4 (GRAO-GRA4) lTV 

• Top Address: H'SFFFFOA (channel 0), H'SFFFFI4 (channel 1), H'SFFFFIE (channel 2), 
H'SFFFF28 (channel 3), H'SFFFF38 (channel 4) 

• Bus Width: 8/16/32 

Register Overview: 

Bit: 15 14 13 12 11 10 9 8 

Bit name: I 
Initial value: 1 1 1 1 1 1 1 

R1W: RIW RIW RNJ RIW RIW RIW RIW RNJ 

Bit: 7 6 5 4 3 2 0 

Bit name: I 
Initial value: 1 1 1 1 1 1 1 1 

R1W: RIW RIW RNJ RIW RIW RNJ RNJ RNJ 

Table A.20 GRAO-GRA4 Bit Functions 

Bit Bit name 

15-0 Registers used for both output 
compare/input capture 

Description 

Output compare register: Set compare match output 

Input capture register: Stores the TCNT value when the 
input capture signal is being generated. 
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A.2.20 General Registers B0-4 (GRBO-GRB4) 

• Top Address: H'SFFFFOC (channel 0), H'SFFFF16 (channell), H'SFFFF20 (channel 2), 
H'SFFFF2A (channel 3), H'SFFFF3A (channel 4) 

• Bus Width: 8/16/32 

• Register Overview: 

Bit: 15 14 13 12 11 10 9 

Bit name: I 
Initial value: 1 1 1 1 1 1 

R1W: RIW RIW RIW RIW RIW RIW RIW 

Bit: 7 6 5 4 3 2 

Bit name: I 
Initial value: 1 1 1 1 1 1 

R1W: RIW RIW RIW RIW RIW RIW RIW 

Table A.21 GRBO-GRB4 Bit Functions 

Bit Bit name Description 

lTV 

8 

1 

RIW 

0 

1 

RIW 

15-0 Registers used for both output 
compare/input capture 

Output compare register: Set compare match output 

Input capture register: Stores the TCNT value when the 
input capture signal is being generated. 
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A.2.21 Buffer Registers A3, 4 (BRA3, BRA4) lTV 

• Top Address: H'5FFFF2C (channel 3), H'SFFFF3C (channel 4) 

• Bus Width: 8116/32 

Register Overview: 

Bit: 15 14 13 12 11 10 9 8 

Bit name: I 
Initial value: 1 1 1 1 1 1 1 1 

RIW: RIW RIW RIW RIW RIW RIW RIW RIW 

Bit: 7 6 5 4 3 2 0 

Bit name: I 
Initial value: 1 1 1 1 1 1 

RIW: RIW RIW RIW RIW RIW RIW RIW RIW 

Table A.22 BRA3, BRA4 Bit Functions 

Bit Bit name Description 

15-0 Buffer registers used for output Output compare register: Transfers to the GRA the 
compare/input capture value stored up to the point of compare match 

generation. 

Input capture register: Stores the value stored in the 
GRA up till the input capture signal is generated. 
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A.2.22 Buffer Registers B3, 4 (BRB3, BRB4) lTV 

• Top Address: H'SFFFF2E (channel 3), H'SFFFF3E (channel 4) 

• Bus Width: 8/16/32 

Register Overview: 

Bit: 15 14 13 12 11 10 9 8 

Bit name: I 
Initial value: 1 1 1 1 1 1 1 1 

R/W: R/W RIW R/W R/W R/W R/W RIW R/W 

Bit: 7 6 5 4 3 2 0 

Bit name: I 
Initial value: 1 1 1 1 1 1 1 1 

R/W: R/W RIW R/W R/W R/W R/W RIW R/W 

Table A.23 BRB3, BRB4 Bit Functions 

Bit Bit name Description 

15-0 Buffer registers used for output Output compare register: Transfers to the GRB the 
compare/input capture value stored up to the point of compare match 

generation. 

Input capture register: Stores the value stored in the 
GRB up till the input capture signal is generated. 
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A.2.23 Timer Output Control Register (TOCR) lTV 

• Top Address: H'SFFFF31 

• Bus Width: 8 

Register Overview: 

Bit: 7 6 5 4 3 2 1 0 
Bit name:/ r -----.-------,.-----.-----,-----.-----.-O-L-S-4-r--

O
-

L
-
S
-
3
---, 

Initial value: 1 1 

R/W: 

Note: Not determ ined 

Table A.24 TOCR Bit Functions 

Bit Bit name 

2 Output level select 4 (OLS4) 

Output level select 3 (OLS3) 

RIW RIW 

Value Description 

o Reverse output of TIOCA3, TIOCA4, TIOCB4 

Direct output of TIOCA3, TIOCA4, TIOCB4 (initial 
setting) 

o Reverse output of TIOCB3, TOCXA4, TOCXB4 

Direct output of TIOCB3, TOCXA4, TOCXB4 
(initial setting) 
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A.2.24 DMA Source Address Registers 0-3 (SARO-SAR3) DMAC 

- Top Address: H'5FFFF40 (channel 0), H'5FFFF50 (channel I), H'5FFFF60 (channel 2), 
H'5FFFF70 (channel 3) 

- Bus Width: 16/32 

-Register Overview: 

Bit: 31 30 29 28 27 26 25 24 

Bit name: I 
Initial value: 

R/W: R/W RIW R/W R/W R/W R/W RIW R/W 

Bit: 23 22 21 20 19 18 17 16 

Bit name: I 
Initial value: 

R/W: R/W RIW R/W R/W R/W R/W RIW R/W 

Bit: 15 14 13 12 11 10 9 8 

Bit name: I 
Initial value: 

R/W: R/W R/W R/W RIW R/W R/W R/W R/W 

Bit: 7 6 5 4 3 2 0 

Bit name: I 
Initial value: * 

R/W: R/W R/W R/W RIW R/W R/W R/W R/W 

Note: Not determined. 

Table A.25 SARO-SAR3 Bit Functions 

Bit Bit name Description 

31-0 (Specifies transfer source address) Specifies the address of the DMA transfer source 
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A.2.2S DMA Destination Address Registers 0-3 (DARO-DAR3) DMAC 

• Top Address: H'SFFFF44 (channel 0), H'SFFFFS4 (channel!), H'SFFFF64 (channel 2), 
H'SFFFF74 (channel 3) 

• Bus Width: 16/32 

Register Overview: 

Bit: 31 30 29 28 27 26 25 24 

Bit name: I 
Initial value: 

R1W: RIW RIW RNI RIW RIW RIW ANI RIW 

Bit: 23 22 21 20 19 18 17 16 

Bit name: I 
Initial value: 

RIW: RIW RIW RNI RIW RIW RIW ANI RNI 

Bit: 15 14 13 12 11 10 9 8 

Bit name: I 
Initial value: 

R1W: RIW RIW RNI RIW RIW RIW RIW RNI 

Bit: 7 6 5 4 3 2 0 

Bit name: I 
Initial value: * 

RIW: RIW RIW RNI RIW RIW RIW RIW RNI 
Note: Not determined. 

Table A.26 DARO-DAR3 Bit Functions 

Bit Bit name Description 

31--0 (Specifies transfer destination Specifies the address of the DMA transfer destination 
address) 
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A.2.26 DMA Transfer Count Registers 0-3 (TCRO-TCR3) DMAC 

• Top Address: H'SFFFF4A (channel 0), H'SFFFFSA (channel 1), H'SFFFF6A (channel 2), 
H'SFFFF7 A (channel 3) 

• Bus Width: 16/32 

Register Overview: 

Bit: 15 14 13 12 11 10 9 

Bit name: I 
Initial value: 

R1W: RIW ' RNI RIW RIW RIW RIW RNI 

Bit: 7 6 5 4 3 2 

Bit name: I 
Initial value: * 

R1W: RIW RNI RNI RIW RIW RIW RNI 
Note: Not determined. 

Table A.27 TCRO-TCR3 Bit Functions 

Bit Bit name Description 

15-0 (Specifies number of DMA Specifies the number of DMA transfers (bytes or 

8 

RIW 

0 

RIW 

transfers) words). During DMA transfer, indicates the number of 
transfers remaining. 
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A.2.27 DMA Channel Control Registers 0-3 (CHCRO-CHCR3) DMAC 

• Top Address: H'5FFFF4E (channel 0), H'5FFFF5E (channel 1), H'5FFFF6E (channel 2), 
H'5FFFF7E (channel 3) 

• Bus Width: 8/16/32 

Register Overview: 

Bit: 15 14 13 12 11 10 9 8 

Bit name: I OM1 OMO SM1 SMO RS3 RS2 RS1 RSO 

Initial value: 0 0 0 0 0 0 0 0 

RIW: RIW RIW RIW RIW RIW RIW RIW RIW 

Bit: 7 6 5 4 3 2 1 0 

Bit name: I AM AL OS TM TS IE TE OE 

Initial value: 0 0 0 0 0 0 0 0 

RIW: RIW RIW RIW RIW RIW RIW R/{W)* RIW 

Notes: 1. Write 0 to clear the flags. 

2. Writing is effective only for CHCRO and CHCR 1. 
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Table A.28 CHCRO-CHCR3 Bit Functions 

Bit Bit name Value Description" 

15,14 Destination address 0 0 Destination address is fixed (initial setting) 
mode bits 1,0 (DM1, a 1 Destination address increases (+1 for byte-unit transfers; 
DMO) +2 for word-unit transfers) 

0 Destination address decreases (-1 for byte-unit 
transfers; -2 for word-unit transfers) 

Reserved (cannot be set) 

13,12 Source address mode 0 0 Source address is fixed (initial setting) 
bit 1, a (SM1, SMa) a Source address increases (+1 for byte-un it transfers; +2 

for word-unit transfers) 

0 Source address decreases (-1 for byte-unit transfers; -2 
for word-unit transfers) 

Reserved (cannot be set) 

11-8 Resource select bit 3- 0 0 0 0 DREQ (external request*1) (initial setting) (Dual address 
o (RS3-RSO) mode) 

a a a Reserved (cannot be set) 

0 0 0 DREQ (external request*1) (Single address mode*2) 

0 a DREQ (external request*1) (Single address mode*3) 

0 0 0 RXIO (transfer request by reception data full interrupt of 
on-chip SCIO)*4 

a a TXIO (transfer request by transmission data empty 
interrupt of on-chip SCIO)*4 

0 0 RXI1 (transfer request by reception data full interrupt of 
on-chip SCI1)*4 

a TXI1 (transfer request by transmission data empty 
interrupt of on-chip SCI1 )*4 

a a a IMIAa (input capture A/compare match A interrupt 
request of on-chip ITUa)*4 

a a IMIA 1 (input capture A/compare match A interrupt 
request of on-Chip ITU1)*4 

0 0 IMIA2 (input capture A/compare match A interrupt 
request of on-chip ITU2}*4 
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Table A.28 CHCRO-CHCR3 Bit Functions (cont) 

Bit Bit name Value 

11-8 Resource select bit 3- 1 0 
o (RS3-RSO) (cont) 

7 Acknowledge mode 0 
bit (AM)*1 

6 Acknowledge level 0 
bit (AL)*1 

5 DREQ select bit 0 
(DS)*1 

4 Transfer bus mode bit 0 
(TM) 1 

3 Transfer size bit (TS) 0 

2 Interrupt enable bit 0 
(IE) 1 

Transfer flag bit (TE) 0 

1 

o DMA enable bit (DE) 0 

0 0 

0 

0 

Description 

IMIA3 (input capture Ncompare match A interrupt 
request of on-chip ITU3)*4 

Auto request (transfer request automatically generated 
within DMAC) 

ADI (AID conversion termination interrupt request of on­
chip NO converter) 

Reserved (cannot be set) 

Reserved (cannot be set) 

DACK output upon read cycle (initial setting) 

DACK output upon write cycle 

DACK is active high signal (initial setting) 

DACK is active low signal 

DREQ detected at low (initial setting) 

DREQ detected upon fall edge 

Cycle steal mode (initial setting) 

Burst mode 

Byte (8 bits) (initial setting) 

Word (16 bits) 

Disable interrupt request (initial setting) 

Enable interrupt request 

DMA transfering or DMA transfer halted. (initial setting) 

Clear Conditions: TE bit read and then 0 written. 

DMA transfer ends normally. 

Disable DMA transfer (initial setting) 

Enable DMA transfer 

Notes: 1. Only valid in channels 0 and 1. 
2. Transfer to external device from memory mapped external devices or external memory 

with DACK. 

3. Transfer from external device to memory mapped external devices or external memory 
with DACK. 

4. Dual address mode. 
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A.2.28 DMA Operation Registers (DMAOR) DMAC 

• Top Address: H'SFFFF48 

• Bus Width: 8/16/32 

Register Overview: 

Bit: 15 14 13 12 11 10 9 8 

Bit name: I PR1 PRO 

Initial value: 0 0 0 0 0 o o o 
RfW: RNI RfW 

Bit: 7 6 5 4 3 2 0 

Bit name: I AE NMIF DME 

Initial value: 0 0 0 0 0 0 0 0 

RfW: R/(W)* R/(W)* RfW 
Note: Write 0 to clear the flags. 

Table A.29 DMAOR Bit Functions 

Bit Bit name Value Description 

9,8 Priority mode bits 1, 0 0 0 Priority order is fixed (initial setting) (Channel 0 > channel 3 > 
(PR1,PRO) channel 2 > channel 1) 

0 Priority order is fixed (Channel 1 > channel 3 > channel 2 > 
channel 0) 

0 Round-robin priority order (Immediately after reset: Channel 0 
> channel 3 > channel 2 > channel 1) 

External-pin-alternating mode priority order (Immediately after 
reset: Channel 1 > channel 3 > channel 2 > channel 0) 

2 Address error flag bit 0 No errors caused by DMAC (initial setting) 
(AE) Clear Conditions: Write 0 after reading the AE bit 

Address error caused by DMAC 

NMI flag bit (NMF) 0 No NMI interrupt (initial setting) 

Clear Conditions: Write 0 after reading the NMIF bit 

1 NMI interrupt generated 

0 DMA master enable 0 Disable DMA transfers for all channels (initial setting) 
bit (DME) Enable DMA transfers for all channels 
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A.2.29 Interrupt Priority Setting Register A (IPRA) INTC 

• Top Address: H'5FFFF84 

• Bus Width: 8/16/32 

Register Overview: 

Bit: 15 14 13 12 11 10 9 8 

Bit name: I 
Initial value: 0 0 0 0 0 0 0 0 

RIW: RIW RIW RIW RIW RIW RIW RIW RIW 

Bit: 7 6 5 4 3 2 0 

Bit name: I 
Initial value: 0 0 0 0 0 0 0 0 

RIW: RIW RIW RIW RIW RIW RIW RIW RIW 

Table A.30 IPRA Bit Functions 

Bit Bit name Description 

15-12 (Set I RQO priority level) Sets the IRQO priority level value. 

11-8 (Set IRQ1 priority level) Sets the IRQ1 priority level value. 

7-4 (Set IRQ2 priority level) Sets the IRQ2 priority level value. 

3-0 (Set IRQ3 priority level) Sets the IRQ3 priority level value. 
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A.2.30 Interrupt Priority·Setting Register B (IPRB) INTC 

• Top Address: H'5FFFF86 

• Bus Width: 8/16/32 

Register Overview: 

Bit: 15 14 13 12 11 10 9 8 

Bit name: I 
Initial value: 0 0 0 0 0 0 0 0 

RIW: RIW RIW RIW RIW RIW RIW RIW RIW 

Bit: 7 6 5 4 3 2 0 

Bit name: I 
Initial value: 0 0 0 0 0 0 0 0 

RIW: RIW RIW RIW RIW RIW RIW RIW RIW 

Table A.31 IPRB Bit Functions 

Bit Bit name Description 

15-12 (Set IRQ4 priority level) Sets the IRQ4 priority level value. 

11-8 (Set IR05 priority level) Sets the IR05 priority level value. 

7-4 (Set I R06 priority level) Sets the IR06 priority level value. 

3-0 (Set IR07 priority level) Sets the IR07 priority level value. 

548 HITACHI 



A.2.31 Interrupt Priority Setting Register C (IPRC) INTC 

• Top Address: H'SFFFF88 

• Bus Width: 8116/32 

Register Overview: 

Bit: 15 14 13 12 11 10 9 8 

Bit name: I 
Initial value: 0 0 0 0 0 0 0 0 

RIW: RIW RIW RIW RIW RIW RIW RIW RIW 

Bit: 7 6 5 4 3 2 0 

Bit name: I 
Initial value: 0 0 0 0 0 0 0 0 

RIW: RIW RIW RIW RIW RIW RIW RIW RIW 

Table A.32 IPRC Bit Functions 

Bit Bit name Description 

15-12 (Set DMACO and DMAC 1 priority Sets the DMACO and DMAC 1 priority level values. 
levels) 

11-8 (Set DMAC2 and DMAC3 priority Sets the DMAC2 and DMAC3 priority level values. 
levels) 

7-4 (Set ITUO priority level) Sets the ITUO priority level value. 

3-0 (Set ITU 1 priority level) Sets the ITU 1 priority level value. 
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A.2.32 Interrupt Priority Setting Register D (IPRD) INTC 

• Top Address: H'SFFFF8A 

• Bus Width: 8/16/32 

Register Overview: 

Bit: 15 14 13 12 11 10 9 8 

Bit name: I 
Initial value: 0 0 0 0 0 0 0 0 

R1W: RIW RIW RIW RIW RIW RIW RIW RIW 

Bit: 7 6 5 4 3 2 0 

Bit name: I 
Initial value: 0 0 0 0 0 0 0 0 

R1W: RIW RIW RIW RIW RIW RIW RIW RIW 

Table A.33 IPRD Bit Functions 

Bit Bit name Description 

15-12 (Set ITU2 priority level) Sets the ITU2 priority level value. 

11-8 (Set ITU3 priority level) Sets the ITU3 priority level value. 

7-4 (Set ITU4 priority level) Sets the ITU4 priority level value. 

3-0 (Set SCIO priority level) Sets the SCIO priority level value. 
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A.2.33 Interrupt Priority Setting Register E (IPRE) INTC 

• Top Address: H'5FFFF8C 

• Bus Width: 8/16/32 

Register Overview: 

Bit: 15 14 13 12 11 10 9 8 

Bit name: I 
Initial value: 0 0 0 0 0 0 0 0 

RIW: RIW RIW ANJ RIW RIW RIW RIW ANJ 

Bit: 7 6 5 4 3 2 0 

Bit name: I 
Initial value: 0 0 0 0 0 0 0 0 

RIW: RIW RIW ANJ RIW 

Table A.34 IPRE Bit Functions 

Bit 

15-12 

11-8 

7-4 

Notes 

Bit name Description 

(Set SCI1 priority level) Sets the SC 1 priority level value. 

(Set PRT*1 and AID priority levels) Sets the PRT*1 and AID priority level values. 

(Set WDT and REF*2 priority Sets the WDT and REF*2 priority level value. 
levels) 

1. PRT: Parity control section within the bus state controller. See section 8, Bus State 
Controller, for more information. 

2. REF: DRAM refresh control section within bus state controller. See section 8, Bus State 
Controller, for more information. 
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A.2.34 Interrupt Control Register (ICR) INTC 

• Top Address: H'SFFFF8E 

• Bus Width: 8116/32 

Register Overview: . 

Bit: 15 14 

Bit name: I 
Initial value: 0 

RIW: R 

Bit: 7 6 

Bit name: I IRQOS I IRQ1S 

Initial value: 0 0 

RIW: RIW RIW 

Note: Note determined 

Table A.35 I CR Bit Functions 

Bit 

15 

8 

7-0 

Bit Name 

NMI input level (NMIL) 

NMI edge select (NMIE) 

IRQD-7 sense select (IRQD­
IRQ7) 
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13 12 11 

0 o o 

5 4 3 

10 9 

o o 

2 1 

8 

NMIE 

o 
RIW 

0 

I IRQ2S I IRQ3S I IRQ4S IIRQ5S IIRQ6S IIRQ7S I 
0 0 0 0 0 0 

RIW RIW RIW RIW RIW RIW 

Value Description 

o Low is input to NMI pin 

High is input to NMI pin 

o Interrupt request sensed at the fall edge of 
the NMI input (initial setting) 

o 

Interrupt request sensed at the rise edge of 
the NMI input 

Interrupt request sensed at IRQ input low 
(initial setting) 

Interrupt request sensed at IRQ input high 
(initial setting) 



A.2.35 Break Address Register H (BARH) UBC 

• Top Address: H'5FFFF90 

• Bus Width: 8/16/32 

Register Overview: 

Bit: 15 14 13 12 11 10 9 8 

Bit name: I BA31 BA30 BA29 BA28 BA27 BA26 BA25 BA24 

Initial value: 0 0 0 0 0 0 0 0 

R/W: R/W R/W RIW R/W R/W R/W RIW RIW 

Bit: 7 6 5 4 3 2 0 

Bit name: I BA23 BA22 BA21 BA20 BA19 BA18 BA17 BA16 

Initial value: 0 0 0 0 0 0 0 0 

R/W: R/W R/W RIW R/W R/W RIW RIW RIW 

Table A.36 BARH Bit Functions 

Bit Bit name Description 

15-0 Set break addresses 31-16 Specifies the top end of the address, which is the 
(BA31-BA16) break condition (bits 31-16) 
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A.2.36 Break Address Register L (BARL) UBC 

• Top Address: H'SFFFF92 

• Bus Width: 8/16/32 

Register Overview: 

Bit: 15 14 13 12 11 10 9 S 

Bit name: I BA15 BA14 BA13 BA12 BA11 BA10 BA9 BAS 

Initial value: 0 0 0 0 0 0 0 0 

R1W: RIW RIW RIW RIW RIW RIW RIW RIW 

Bit: 7 6 5 4 3 2 0 

Bit name: I BA7 BA6 BA5 BA4 BA3 BA2 BA1 BAO 

Initial value: 0 0 0 0 0 0 0 0 

R1W: RIW RIW RIW RIW RIW RIW RIW RIW 

Table A.37 BARL Bit Functions 

Bit Bit name Description 

15-0 Set break addresses 15-0 Specifies the bottom end of the address, which is the 
(BA15-BAO) break condition (bits 15-0) 

554 HITACHI 



A.2.37 Break Address Mask Register H (BAMRH) UBC 

• Top Address: H'5FFFF94 

• Bus Width: 8/16/32 

Register Overview: 

Bit: 15 14 13 12 11 10 9 8 

Bit name: I BAM31 I BAM30 I BAM29 I BAM2S1 BAM27 I BAM26 I BAM25 I BAM24 I 
Initial value: 0 0 0 0 0 0 0 0 

R1W: RIW RIW AIW RIW RIW RIW R/W AIW 

Bit: 7 6 5 4 3 2 1 0 

Bit name: I BAM23 I BAM22 I BAM21 I BAM20 I BAM19 I BAM1S1 BAM17 I BAM16 I 
Initial value: 0 

R1W: RIW 

o 
RIW 

Table A.38 BAMRH Bit Functions 

Bit Bit name 

15-0 Break address masks 31-16 
(BAM31-BAM 16) 

o 
AIW 

o 
RIW 

Description 

o 
RIW 

o 
R/W 

o 
RIW 

o 
AIW 

Specifies the bit to mask the break address specified 
in BAAH 
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A.2.38 Break Address Mask Register L (BAMRL) UBC 

• Top Address: H'5FFFF96 

• Bus Width: 8/16/32 

Register Overview: 

Bit: 15 14 13 12 11 10 9 8 

Bit name: I BAM15 I BAM14 I BAM13 I BAM12 I BAM11 I BAM10 I BAM9 BAM8 

Initial value: 0 0 

R1W: RIW RIW 

Bit: 7 6 

Bit name: I BAM7 BAM6 

Initial value: 0 0 

R1W: RIW RIW 

Table A.39 BAMRL Bit Functions 

Bit Bit name 

15-0 Break address masks 15-0 
(BAM15-BAMO) 
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0 0 0 0 0 0 

RIW RIW RIW RIW RIW RIW 

5 4 3 2 0 

BAM5 BAM4 BAM3 BAM2 BAM1 BAMO 

0 0 0 0 0 0 

RIW RIW RIW RIW RIW RIW 

Description 

Specifies the bit to mask the break address specified 
in BARL 



A.2.39 Break Bus Cycle Register (BBR) UBC 

• Top Address: H'SFFFF98 

• Bus Width: 8/16/32 

Register Overview: 

Bit: 15, 14 13 12 11 10 9 8 

Bit name: I 
Initial value: 0 0 0 0 0 0 0 0 

RIW: 

Bit: 7 6 5 4 3 2 0 

Bit name: I C01 COO 101 100 RW1 RWO SZ1 SZO 

Initial value: 0 0 0 0 0 0 0 0 

RIW: RIW RIW RIW RIW RIW RIW RIW RIW 
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Table A.40 BBR Bit Functions 

Bit Bit name Value Description 

7,6 CPU cycle/DMA cycle 0 0 User break interrupt not generated (initial setting) 
select (CD1, CDO) 0 The CPU cycle is the break condition. 

0 The DMA cycle is the break condition. 

The CPU cycle and DMA cycle are both break conditions. 

5,4 Instruction fetch/data 0 0 User break interrupt not generated (initial setting) 
access select (ID1, 0 The instruction fetch cycle is the break condition. 
IDO) 

0 The data access cycle is the break condition. 

The instruction fetch cycle and data access cycle are both 
break conditions. 

3,2 Read/write select 0 0 User break interrupt not generated (initial setting) 
(RW1, RWO) 0 The read cycle is the break condition. 

0 The write cycle is the break condition. 

The read cycle and write cycle are both break conditions. 

1,0 Operand size select 0 0 Operand size not included in the break conditions (initial 
(5Z1,5Z0) setting) 

0 Byte access is the break condition. 

0 Word access is the break condition. 

Long word access is the break condition. 
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A.2.40 Bus Control Register (BCR) BSC 

• Top Address: H'SFFFFAO 

• Bus Width: 8116/32 

Register Overview: 

Bit: 15 14 13 12 11 10 9 8 

Bit name: IL..-D_R_A_M_E..L-I _I_O_E--J..I_W_A_R_P-JIL..-R_D_D_TY---L...I_B_A_S-I. __ --L-__ ...L..-_---l 

Initial value: 0 0 0 0 o o o 
R/W: R/W R/W R/W R/W R/W 

Bit: 7 6 5 4 3 2 o 
Bit name: I ~ ----~------~----~----~------~----~----~----~ 

Initial value: o o o o o o o o 
R/W: 

Table A.41 BCR Bit Functions 

Bit Bit Name 

15 DRAM enable (DRAME) 

14 Multiplex I/O enable (IOE) 

13 Warp mode (WARP) 

12 RD duty (RDDTY) 

11 Byte access select (BAS) 

Value Description 

o Area 1 is external memory space (initial 
setting) 

1 Area 1 is DRAM space 

o Area 6 is external memory space (initial 
setting) 

o 

o 

o 

Area 6 is address/data multiplex I/O space 

Normal mode: External access and internal 
access not conducted simultaneously (initial 
setting) 

Warp mode: External access and internal 
access conducted simultaneously 

RD signal high width duty ratio is 50% (initial 
setting) 

RD signal high width duty ratio is 35% 

WRH, WRL and AO signals valid (initial 
setting) 

WR, HBS and LBS and signals valid 
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A.2.4t Wait State Control Register t (WCRt) BSC 

• Top Address: H'SFFFFA2 

• Bus Width: 8116/32 

Register Overview: 

Bit: 15 14 13 12 11 10 

Bit name: I RW7 RW6 RW5 RW4 RW3 RW2 

Initial value: 1 1 1 1 1 1 

R1W: RIW RIW RIW RIW RIW RIW 

Bit: 7 6 5 4 2 
Bit name: rl ----~------~----~----~------~----~----~------, 

Initial value: 

R1W: 

Note: Only write 0 to the WW1 bit when area 1 is DRAM space. When it is external memory 
space, do not write O. 

Table A.42 WCR Bit Functions 

WAIT 
pin 
signal 

Bit Bit Name Value input 

15-8 During reads, 0 
wait state 
control (RW7-
RWO) 
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Do not 
sample 
during 
read 
cycle 

Sample 
during 
read 
cycle 
(initial 
setting) 

Number of read cycles 

External space Internal space 

External Multi- On-chip On-chip 
memory DRAM plex peri- ROM, 
space space VO pherals RAM 

• Areas 1, 3-5, 7: Column 
fixed at 1 cycle address 

• Areas 0, 2, 6: 1 cycle: Fixed 

cycle + long wait at 1 cycle 

state (short pitch) 

• Areas 1, 3-5, 7: . Column 
wait state is 2 cycle address 
plus WAIT cycle: Wait 

state is 2 • Areas 0, 2, 6: 1 
cycle + long wait cycles plus 
state or wait state WAIT (long 
from 'WAIT pitch)· 

Wait Fixed at Fixed at 1 
state 3 cycles cycle 
is 4 
cycles 
plus 
WAIT 



Table A.42 Bit Functions (cont) 

Description 

Bit Bit Name 
External memory space of area 1 

Value DRAM space (BCRDRAME = 1) (BCRDRAME = 1) 

Column address cycle: 1 cycle Setting disabled 
(short pitch) 

During writes, 0 
wait state 
control (WW1) 1 Column address cycle: Wait state Wait state is 2 cycles + WAIT 

is 2 cycles + WAIT (long pitch) 
(initial setting) 

Note: During a CBR refresh, the WAIT signal is ignored and the wait state inserted using the 
RLW1 and RLWO bits. 

A.2.42 Wait State Control Register 2 (WCR2) BSC 

• Top Address: H'5FFFFA4 

• Bus Width: 8116/32 

Register Overview: 

Bit: 15 14 13 12 11 10 9 8 

Bit name: , DRW7! DRW6 ! DRW5! DRW4 DRW3 ! DRW2! DRW1 I DRWO I 

Initial value: 1 1 1 

RIW: RIW RIW RIW RIW RIW RIW RIW RIW 

Bit: 7 6 5 4 3 2 1 ° 
Bit name: &..-, D_W_W_7---,I_D_W_W_6---1.I_D_W_W_5--,-I_D_WW_4~I_D_WW_3 -I-1_D_W_W_2 ...L....I _DWW_1--L-' D_ww_o--,I 

Initial value: 1 

RIW: RIW 

1 

RIW 

1 

RIW 

1 

RIW 

1 

RIW 

1 

RIW 

1 

RIW 

1 

RIW 
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Table A.43 WCR2 Bit Functions 

Description 

Number of Single Mode DMA External Space 
Cycle States 

WAIT Pin External Memory 
Bit Bit Name Value Signal Input Space DRAM Space Multiplex YO 

15-8 Wait state control ° 
during a single 
mode DMA 
memory reads 
(DRW7 -DRWO) 

7-0 Wait state control ° 
during a single 
mode DMA 
memory writes 
(DWW7 -DWWO) 
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Do not sample • Areas 1, 3-5, 7: 
during single fixed at 1 cycle 

mode DMA • Areas 0, 2, 6: 1 
memory read cycle + long wait 
cycle state 

Column Wait state is 4 
address cycle: cycles plus 
Fixed at 1 WAIT 
cycle (short 
pitch) 

Sample during • Areas 1, 3-5, 7: Column 
single mode wait state is 2 cycle address cycle: 
DMA memory plus WAIT Wait state is 2 

r~~~ cycle, • Areas 0, 2, 6: 1 cycles plus 
(Initial setting) cycle + long wait ~AIT (long 

state, or wait state pitch) 
from WAIT 

Do not sample • Areas 1, 3-5, 7: 
during single fixed at 1 cycle 

mode DMA, • Areas 0, 2, 6: 1 
memory write cycle + long wait 
cycle state 

Column Wait state is 4 
address cycle: cycles plus 
Fixed at 1 WAIT 
cycle (short 
pitch) 

Sample during • Areas 1, 3-5, 7: Column 
single mode wait state is 2 cycleaddress cycle: 
DMA memory plus WAIT Wait state is 2 
write cycle • Areas ° 2 6: 1 cycles plus 
(initial setting) cycle + I;ng' wait ~AIT (long 

state, or wait state pitch) 
from WAIT 



A.2.43 Wait State Control Register 3 (WCR3) 

• Top Address: H'5FFFFA6 

• Bus Width: 8/16/32 

Register Overview: 

Bit: 15 14 13 12 11 10 

Bit name: \ WPU I A02LW1\A02LWol A6LW1 I A6LWO I 
Initial value: 1 1 1 1 1 0 

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

Bit: 7 6 

Bit name: I 
Initial value: 0 o 

R/W: 

Table A.44 WCR3 Bit Functions 

Bit Bit Name 

15 Wait pin pull-up control 
WPU) 

14,13 Areas 0 and 2 long wait 
insert 1, 0 (A02LW1, 
A02LWO) 

5 4 3 2 

o o o o 

Value Description 

o Do not pull up WAIT pin 

1 Pull up WAIT pin (initial setting) 

o 0 Insert a 1-cycle long wait state 

0 Insert a 2-cycle long wait state 

0 Insert a 3-cycle long wait state 

BSC 

9 8 

o 0 

o 

o o 

1 Insert a 4-cycle long wait state (initial setting) 

12,11 Area 6 long wait insert 1, 0 0 0 Insert a 1-cycle long wait state 
(A6LW1, A6LWO) 

0 Insert a 2-cycle long wait state 

0 Insert a 3-cycle long wait state 

Insert a 4-cycle long wait state (initial setting) 
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A.2.44 DRAM Area Control Register (OCR) BSC 

• Top Address: H'SFFFF A8 

• Bus Width: 8/16/32 

Register Overview: 

Bit: 15 14 13 12 11 10 9 8 

Bit name: I CW2 RASO TPC BE COTY MXE MXC1 MXCO 

Initial value: 0 0 0 0 0 0 0 0 

RIW: RIW RIW RIW RIW RIW RIW RIW RIW 

Bit: 7 6 5 4 3 2 0 

Bit name: I 
Initial value: 0 0 0 0 0 0 0 0 

RIW: 
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Table A.4S nCR Bit Functions 

Bit Bit Name Value Description 

15 2 CAS system/2 WE system 0 
(CW2) 

2 CAS system: CASH, CASL, and WRL signals are 
valid (initial setting) 

14 RAS down (RASD) o 

2 WE system: CASL, WRH, and WRL signals are 
valid 

RAS up mode: Returns RAS signal to high and waits 
for next DRAM access (initial setting) 

RAS down mode: Leaves RAS signal at low and waits 
for next DRAM access 

13 Number of RAS pre-charge 0 Insert a 1-cycle pre-charge cycle (initial setting) 
cycles (TPC) ----In-s-e-rt-a-2---cy-c-le-pr-e--c-h-a-rg-e-c-y-c-le-------

12 Burst operation enable (BE) 0 Normal mode: Full access 

11 CAS duty (CDTY) 

10 Multiplex enable (MXE) 

9,8 Multiplex shift count 1,0 
(MXC1, MXCO) 

----------------~-----------------------

o 

o 

High-speed page mode: Burst operation 

CAS signal high width duty ratio is 50% (initial setting) 

CAS signal high width duty ratio is 35% 

Do not multiplex low address and column address 
(initial setting) 

Multiplex low address and column address 

Low address shift Low address for comparison 
(MXE = 1) during burst (MXE = 0 or 1) 

o 0 8 bits (initial setting) A27-A8 (initial setting) 

o 9 bits A27-A9 

o 10 bits A27-A10 

Reserved Reserved 
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A.2.4S Parity Control Register (PCR) 

• Top Address: H'SFFFFAA 

• Bus Width: 8/16/32 

Register Overview: 

Bit: 15 14 

Bit name: I PEF PFRC 

Initial value: 0 0 

RIW: RIW RIW 

Bit: 7 6 

Bit name: I 
Initial value: 0 0 

RIW: 

Table A.46 PCR Bit Functions 

13 

PEa 

0 

RIW 

5 

0 

12 11 10 

I PCHK1 I PCHKO I 
o 

RIW 

4 

o 

o 
RIW 

3 

o 

o 

2 

o 

BSC 

9 8 

o o 

o 

o o 

Bit Bit Name Value Description 

15 Parity error flag (PEF) 

14 Parity force output (PFRC) 

13 Parity polarity (PEa) 

12,11 Parity check enable 1, 0 

(PCHK1, PCHKO) 

566 HITACHI 

o No parity error (initial setting) 

0 

0 

0 0 

0 

0 

Clear Conditions: PEF read and then 0 written 

Parity error occurred 

No forced parity output (initial setting) 

Forced high-level output 

Even parity (initial setting) 

Odd parity 

Parity not checked or generated (initial setting) 

Parity checked and generated in DRAM space 

Parity checked and generated in DRAM space and 
area 2 

Reserved 



A.2.46 Refresh Control Register (RCR) BSC 

• Top Address: H'SFFFFAC 

• Bus Width: 8/16/32 (read), 16 (write) 

'Register Overview: 

Bit: 15 14 13 12 11 10 9 8 

Bit name: I 
Initial value: 0 0 0 0 0 o o o 

RIW: 

Bit: 7 6 5 4 3 2 o 
Bit name: I· RFSHE 1 RMODE 1 RLW1 RLWO 

Initial value: 0 0 0 0 0 o o o 
RIW: RIW RIW RIW RIW 

Table A.47 RCR Bit Functions 

Bit Bit Name Value Description 

7 Refresh control (RFSHE) 0 No refresh control (initial setting) (RTeNT can be 
used as an interval timer) 

Refresh control 

6 Refresh mode (RMODE) 0 Do a CAS-before-RAS refresh (initial setting) 

Do a self-refresh 

5,4 Insert wait state during CBR 0 0 Insert a 1-cycle wait state (initial setting) 
refresh 1,0 (RLW1, RLWO) -0---ln-s-ert-a-2--c-y-cl-e-w-a-it-s-ta-te----------

o Insert a 3-cycle wait state 

Insert a 4-cycle wait state 
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A.2.47 Refresh Timer Control/Status Register (RSTCR) BSC 

• Top Address: H'5FFFFAE 

• Bus Width: 8116/32 (read), 16 (write) 

Register Overview: 

Bit: 15 14 13 12 11 10 9 8 

Bit name: I 
Initial value: 0 0 0 0 0 0 o 0 

RIW: 

Bit: 7 6 5 4 3 2 o 
Bit name: I CMF CMIE CKS2 CKS1 CKSO 

Initial value: 0 0 

RIW: RIW RIW 

Table A.48 RSTCR Bit Functions 

Bit Bit Name Value 

7 Compare match flag (CMF) 0 

6 Compare match interrupt 0 
enable (CMIE) 

5-3 Clock select 2-0 (CKS2- 0 0 
CKSO) 0 0 

0 

0 

0 

0 
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0 0 0 0 o 0 

RIW RIW RIW 

Description 

RTCNT and RTCOR values do not match (initial 
setting) 

Clear Conditions: CMF read and then 0 written 

RTCNT and RTCOR values match 

Disable compare match interrupt (CMI) (initial setting) 

Enable compare match interrupt (CMI) 

o Clock input disabled (initial setting) 

<1>/2 

o <1>/8 

1 <1>/32 

o <1>/128 

1 <1>/512 

o <1>/2048 

<1>/4096 



A.2.48 Refresh Timer Counter Register (RTCNT) BSC 

• Top Address: H'5FFFFBO 

• Bus Width: 8116/32 (read), 16 (write) 

Register Overview: 

Bit: 15 14 13 12 11 10 9 8 

Bit name: I 
Initial value: 0 0 0 0 0 0 0 0 

RIW: 

Bit: 7 6 5 4 3 2 0 

Bit name: I 
Initial value: 0 0 0 0 0 0 0 0 

RIW: RIW RIW RIW RIW RIW RIW RIW 

Table A.49 RTCNT Bit Functions 

Bit Bit Name Description 

7-0 (Count value) Input clock count value 
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A.2.49 Refresh Timer Constant Register (RTCOR) 

• Top Address: H'SFFFFB2 

• Bus Width: 8/16/32 (read), 16 (write) 

Register Overview: 

Bit: 15 14 13 12 

Bit name: I 
Initial value: 0 0 0 0 

RIW: 

Bit: 7 6 5 4 

Bit name: I 
Initial value: 0 1 1 1 

RIW: RIW RIW RIW 

Table A.SO RTCOR Bit Functions 

Bit Bit Name Description 

7-0 (Compare match cycle) Set compare match cycle 

A.2.S0 Timer Control/Status Register (TCSR) 

• Top Address: H'SFFFFB8 

• Bus Width: 8 (read), 16 (write) 

Register Overview: 

Bit: 7 6 5 4 

Bit name: I OVF WT/IT TME 

Initial value: 0 0 0 

RIW: R/(W) * RIW RIW 

Note: Write 0 to clear the flag. 
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11 

0 

3 

1 

RIW 

3 

10 9 

0 0 

2 

1 1 

RIW RIW 

2 

CKS2 CKS1 

o 
RIW 

o 
RIW 

BSC 

8 

0 

0 

1 

RIW 

WDT 

o 
CKSO 

o 
RIW 



Table A.51 TCSR Bit Functions 

Bit Bit Name 

7 Overflow flag (OVF) 

Value Description 

o No TCNT overflow in interval timer mode (initial 
setting) 

Clear Conditions: OVF is read and then 0 is written 

TCNT overflow generated in interval timer mode 

6 Timer mode select (WT/IT) 0 Interval timer mode: When TCNT overflows, interval 
timer interrupt (lTI) requested of CPU (initial setting) 

5 Timer enable (TME) 

2-0 Clock select 2-0 
(CKS2-CKSO) 

o 

0 

0 

0 

0 

0 

0 

0 

0 

0 0 

0 

0 

0 0 

0 1 

0 

Watchdog timer mode: When TCNT overflows, 
WDTOVF signal output externally. * 

Timer disable: TCNT initialized at HOO and count-up 
halted (initial setting) 

Timer enable: TCNT starts count up. When TCNT 
overflows, a WDTOVF signal or interrupt is 
generated. 

Clock Overflow cycle (<1>=20 MHz) 

<1>/2 (initial setting) 25.61ls 

<1>/64 819.21ls 

<1>/128 1.6 ms 

<1>/256 3.3ms 

<1>/512 6.6ms 

<1>/1024 13.1 ms 

<1>/4096 52.4 ms 

<1>/8192 104.9 ms 

When the RSTE bit of RSTCSR is 1, an internal reset signal is also generated simultaneous 
with the WDTOVF signal when the TCNT overflows in watchdog timer mode. 
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A.2.st Timer Counter (TCNT) WDT 

• Top Address: H'5FFFFB9 (read), H'5FFFFB8 (write) 

• Bus Width: 8 (read), 16 (write) 

Register Overview: 

Bit: 7 6 5 4 3 2 0 

Bit name: I 
Initial value: 0 0 0 0 0 0 0 0 

R1W: RIW RNI RIW RIW RIW RIW RNI RIW 

Table A.S2 TCNT Bit Functions 

Bit Bit Name Description 

7-0 Count value Input clock count value 

A.2.S2 Reset Control/Status Register (RSTCSR) WDT 

• Top Address: H'5FFFFBB (read), H'5FFFFBA (write) 

• Bus Width: 8 (read), 16 (write) 

Register Overview: 

Bit: 7 6 5 4 3 2 o 
Bit name: I WOVF I RSTE RSTS 

Initial value: 0 0 0 

R1W: R/(W) * RNI RIW 

Note: Write 0 to clear the flag. 
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Table A.53 RSTCSR Bit Functions 

Bit Bit Name Value 

7 Watchdog timer overflow flag 0 
(WOVF) 

1 

6 Reset enable (RSTE) 0 

5 Reset select (RSTS) o 

Description 

No TCNT overflow in watchdog timer mode (initial 
setting) 

Clear Conditions: WOVF is read and then 0 is written 

TCNT overflow generated in watchdog timer mode 

When TCNT overflows, no internal reset* (initial 
setting) 

When TeNT overflows, internal reset 

Power-on reset (initial setting) 

Manual reset 

Note: The microprocessor within this LSI is not reset, but the TCNT and TCSR within the WOT 
are. 

A.2.53 Standby Control Register (SBYCR) Power-Down State 

• Top Address: H'5FFFFBC 

• Bus Width: 8/16/32 

Register Overview: 

Bit: 7 6 5 4 3 2 

Bit name: I SBY HIZ 

Initial value: 0 0 0 

R/W: R/W R/W 

Table A.54 SBYCR Bit Functions 

Bit Bit Name Value Description 

7 Standby (SBY) 0 Shift to sleep mode upon execution of SLEEP 
instruction (initial setting) 

Shift to standby mode upon execution of SLEEP 
instruction 

6 Port high impedance (HIZ) 0 Maintains pin state while in standby mode (initial 
setting) 

Change pins to high impedance while in standby 
mode 

o 
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A.2.54 Port A Data Register (PADR) PortA 

• Top Address: H'5FFFFCO 

• Bus Width: 8116/32 

Register Overview: 

Bit: 15 14 13 12 11 10 9 8 

Bit name: IPA15DRI PA14DRlpA13DRI PA12DRI PA11DRlpA10DRI PA9DR I PA8DR I 
Initial value: 0 0 0 0 0 0 0 0 

RIW: RIW RIW RIW RIW RIW RIW RIW RIW 

Bit: 7 6 5 4 3 2 1 0 

Bit name: I PA7DR I PA6DR I PA5DR I PA4DR I PA3DR I PA2DR I PA1DR I PAODR I 
Initial value: 0 0 0 0 0 0 0 0 

RIW: RIW RIW RIW RIW RIW RIW RIW RIW 

Table A.55 PADR Bit Functions 

PAIOR Pin Functi()n Read Write 

0 General input Pin status Can write to PADR, but it does not affect pin status. 

All other Pin status Can write to PADR, but it does not affect pin status. 

General input PADR value Value written is output from pin. 

All other PADR value Can write to PADR, but it does not affect pin status. 
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A.2.SS Port B Data Register (PBDR) PortB 

• Top Address: H'5FFFFC2 

• Bus Width: 8/16/32 

Register Overview: 

Bit: '15 14 13 12 11 10 9 8 

Bit name: IPB15DRI PB14DRlpB13DRI PB12DRI PB11DRlpB10DRI PB9DR I PB8DR I 

Initial value: 0 

RIW: RIW 

o 
RIW 

o 
RIW 

o 
RIW 

o 
RIW 

o 
RIW 

o 
RIW 

o 
RIW 

Bit: 7 6 5 4 3 2 1 0 

Bit name: I PB7DR I PB6DR I PB5DR I PB4DR I PB3DR I PB2DR I PB1DR I PBODR I 
Initial value: 0 0 0 0 0 0 0 0 

RIW: RIW RIW RIW RIW RIW RIW RIW RIW 

Table A.56 Bit Functions 

PAIOR Pin Function Read Write 

0 General input Pin status Can write to PBOR, but it does not affect pin status. 

TPn Pin status Cannot write 

All other Pin status Can write to PBDR, but it does not affect pin status. 

General input PBDR value Value written is output from pin. 

TPn PBDR value Cannot write 

All other PBDR value Can write to PBDR, but it does not affect pin status. 
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A.2.56 Port C Data Register (PCDR) PortC 

• Top Address: H'5FFFFDO 

• Bus Width: 8116/32 

Register Overview: 

Bit: 15 14 13 12 11 10 9 8 

Bit name: I 0 0 0 0 0 0 0 0 

Initial value: 

RiW: R R R R R R R R 

Bit: 7 6 5 4 3 2 1 0 

Bit name: I PC7 DR I PC6 DR I PC5 DR I PC4 DR I PC3 DR I PC2 DR I PC 1 DR I PCO DR I 
Initial value: 

RiW: R R R R R R R R 
Note: Note determined 

Table A.57 PCDR Bit Functions 

Pin VO Pin Function Read Write 

Input General input Pin status Ignored (no affect on pin status) 

ANn Ignored (no affect on pin status) 
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A.2.S7 Port A 110 Register (PAIOR) 

• Top Address: H'5FFFFC4 

• Bus Width: 8116/32 

Register Overview: 

Bit: 

Bit name: 

Initial value: 0 0 0 0 

R1W: RIW RIW RIW RIW 

Bit: 6 5 

Bit name: 

Initial value: 0 0 0 0 0 

R1W: RIW RIW RIW RfW RfW 

Table A.S8 PAIOR Bit Functions 

Bit Bit Name Value Description 

15-0 Port A I/O (PA1510R­
PAOIOR) 

o Input (initial setting) 

Output 

PFC 

10 9 8 

0 0 

RIW RIW 

0 

0 0 

RIW RIW RfW 
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A.2.SS Port B Data Register (PBIOR) PFC 

• Top Address: H'5FFFFC6 

• Bus Width: 8116/32 

Register Overview: 

Bit: 13 12 9 8 

Bit name: 

Initial value: a a a a a a a a 
R1W: RIW RIW RIW RIW RIW RIW RIW RIW 

Bit: 7 6 3 2 a 
Bit name: 

Initial value: a a a a a a a a 
R1W: RIW RIW RIW RIW RIW RIW RIW RIW 

Table A.S9 PBIOR Bit Functions 

Bit Bit Name Value Description 

15-0 Port B 1/0 (PB 1510R- a Input (initial setting) 
PBaIOR) 

Output 
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A.2.S9 Port A Control Register 1 (PACRl) PFC 

• Top Address: H'5FFFFC8 

• Bus Width: 8116/32 

Register Overview: 

Bit: 12 11 10 8 

Bit name: 

Initial value: 0 0 1 1 0 0 1 1 

RIW: RIW RIW RIW RIW RIW RIW RIW RIW 

Bit: 7 6 5 4 2 0 

Bit name: 

Initial value: 0 0 0 0 0 0 

RIW: RIW RIW RIW RIW RIW RIW 
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Table A.60 PACRI Bit Functions 

Bit Bit Name Value Description 

15,14 PA15 mode bit 1,0 0 0 General purpose input output (PA 15) (initial setting) 
(PA15MD1, PA15MDO) 0 1 Interrupt request input (IR03) 

0 Reserved 

DMA transfer request input (DRE01) 

13,12 PA14 mode bit 1,0 0 0 General purpose input output (PA 14) 
(PA14MD1, PA14MDO) 0 Interrupt request input (IR02) 

0 Reserved 

DMA transfer request acknowledge output (DACK1) 
(initial setting) 

11,10 PA13 mode bit 1,0 0 0 General purpose input output (PA 13) (initial setting) 
(PA 13MD1, PA 13MDO) 0 1 Interrupt request input (IR01) 

0 ITU timer clock input (TCLKB) 

1 DMA transfer request input (DREQ1) 

9,8 PA12 mode bit 1,0 0 0 General purpose input output (PA 12) 
(PA12MD1, PA12MDO) 0 Interrupt request input (IROO) 

0 ITU timer clock input (TCKLA) 

DMA transfer request acknowledge output (DACKO) 
(initial setting) 

7,6 PA11 mode bit 1,0 0 0 General purpose input output (PA 11) (initial setting) 
(PA11 MD1, PA11 MDO) 0 High side data bus parity input/output (DPH) 

0 ITU input capture input/output compare output 
(TIOCB1) 

Reserved 

5,4 PA10 mode bit 1,0 0 0 General purpose input output (PA10) 
(PA10MD1, PA10MDO) 0 Low side data bus parity input/output (DPL) 

0 ITU input capture input/output compare output 
(TIOCA1) 

Reserved 

3,2 PA9 mode bit 1,0 0 0 General purpose input output (PA9) (initial setting) 
(PA9MD1, PA9MDO) 0 Address hold output (AH) 

0 ND conversion trigger input (ADTRG) 

1 Interrupt request output (IROOUT) 

0 PA8 mode bit 1,0 (PA8MD) 0 General purpose input/output (PA8) (initial setting) 

Bus request input (BREO) 
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A.2.60 Port A Control Register 2 (PA CR2) PFC 

• Top Address: H'5FFFFCA 

• Bus Width: 8/16/32 

Register Overview: 

Bit: 15 14 13 12 11 10 9 8 
Bit name: r-, -----rI-P-A7-M-O-r'--.--I-PA-a-Mo-r-1 --,r-P-A5-M-O-rI---'-,-PA-4-M--'O, 

Initial value: 1 1 1 1 

R1W: RIW RIW RIW RIW 

Bit: 7 6 5 4 3 2 1 0 

Bit name: IPA3M01IPA3MOolpA2M01IpA2MoolpA1M01IPA1MoolpAOMD1IPAOMO01 

Initial value: 1 

R1W: RIW 

o 
RIW 

o 
RIW 

1 

RIW 
o 

RIW 

1 

RIW 

o 1 

RIW 
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Table A.61 PACR2 Bit Functions 

Bit Bit Name Value Description 

14 PA7 mode bit (PA7MD) 0 General purpose input output (PA7) 

Bus request acknowledge output (BACK) (initial setting) 

12 PA6 mode bit (PA6MD) 0 General purpose input output (PA6) 

Read output (AD) (initial setting) 

10 PA5 mode bit (PA5MD) 0 General purpose input output (PA5) 

High side write output (WAH) or low side byte strobe 
output (LBS) (initial setting) 

8 PA4 mode bit (PA4MD) 0 General purpose input output (PA4) 

Low side write output (WAL) or write output (WA) (initial 
setting) 

7,6 PA3 mode bit 1,0 0 0 General purpose input output (PA3) 
(PA3MD1, PA3MDO) 0 Chip select output (CS7) 

0 Wait state input (WAIT) (initial setting) 

1 1 Reserved 

5,4 PA2 mode bit 1,0 0 0 General purpose input output (PA2) 
(PA2MD1, PA2MDO) 0 Chip select output (CS6) (initial setting) 

0 ITU input capture input/output compare output (TIOCBO) 

1 Reserved 

3,2 PA1 mode bit 1,0 0 0 General purpose input output (PA 1 ) 
(PA1MD1, PA1MDO) 0 External chip select output (CS5) (initial setting) 

0 Low address strobe output (AAS) 

Reserved 

1,0 PAO mode bits 1,0 0 0 General purpose input/output (PAO) 
(PAOMD1, PAOMDO) 0 Chip select output (CS4) (initial setting) 

0 ITU input capture input/output compare output (TIOCAO) 

Reserved 
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A.2.61 Port B Control Register 1 (PBCRl) PFC 

• Top Address: H'5FFFFCC 

• Bus Width: 8/16/32 

Register Overview: 

Bit: 14 12 9 

Bit name: 

Initial value: 0 0 0 0 0 0 0 0 

RIW: RIW RIW RIW RIW RIW RIW RIW RIW 

Bit: 7 6 4 3 2 0 

Bit name: 

Initial value: 0 0 0 0 0 0 0 0 

RIW: RIW RIW RIW RIW RIW RIW RIW -RIW 
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Table A.62 PBCRI Bit Functions 

Bit Bit Name Value Description 

15,14 PB15 mode bit 1,0 0 0 General purpose input output (PB 15) (initial setting) 
(PB15MD 1, PB15MDO) 0 1 Interrupt request input (IRQ?) 

0 Reserved 

Timing pattern output (TP15) 

13,12 PB14 mode bit 1,0 0 0 General purpose input output (PB14) (initial setting) 
(PB14MD1, PB14MDO) 0 Interrupt request input (IRQ6) 

0 Reserved 

Timing pattern output (TP14) 

11,10 PB13 mode bit 1,0 0 0 General purpose input output (PB13) (initial setting) 
(PB13MD1, PB13MDO) 0 Interrupt request input (IRQ5) 

0 Serial clock input/output (SCK1) 

Timing pattern output (TP13) 

9,8 PB12 mode bit 1,0 0 0 General purpose input output (PB12) (initial setting) 
(PB12MD1, PB12MDO) 0 Interrupt request input (IRQ4) 

0 Serial clock input/output (SCKO) 

Timing pattern output (TP12) 

7,6 PBll mode bit 1,0 0 0 General purpose input output (PBll) (initial setting) 
(PBll MD1, PB11 MDO) 0 Reserved 

0 Transmission data input (TxDl) 

Timing pattern output (TPll) 

5,4 PB10 mode bit 1,0 0 0 General purpose input output (PBl 0) (initial setting) 
(PB10MD1, PB10MDO) 0 Reserved 

0 Reception data input (RxDl) 

1 Timing pattern output (TP10) 

3,2 PB9 mode bit 1,0 0 0 General purpose input output (PB9) (initial setting) 
(PB9MD1, PB9MDO) 0 Reserved 

0 Transmission data input (TxDO) 

Timing pattern output (TP9) 

0 PB8 mode bits 1,0 0 0 General purpose input/output (PB8) (initial setting) 
(PB8MD1, PB8MDO) 0 Reserved 

0 Reception data input (RxDO) 

.Timing pattern output (TP8) 
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A.2.62 Port B Control Register 2 (PBCR2) PFC 

• Top Address: H'5FFFFCE 

• Bus Width: 8/16/32 

Register Overview: 

Bit: 15 14 13 12 11 10 9 8 

Bit name: I PB7MD11 PB7MDO I PB6MD11 PB6MDO I PB5MD1 1 PB5MDOI PB4MD11 PB4MDOI 

Initial value: 0 0 0 0 0 0 0 0 

R/W: Am Am Am Am Am Am ANI Am 

Bit: 7 6 5 4 3 2 1 0 

Bit name: I PB3MD11 PB3MDO I PB2MD11 PB2MDO I PB 1 MD11 PB 1 MDOI PBOMD11 PBOMDOI 

Initial value: 0 

R/W: Am 
o 

RIW 

o 
Am 

o 
Am 

o 
Am 

o 
Am 

o 
ANI 

o 
R/W 
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Table A.63 PBCR2 Bit Functions 

Bit Bit Name Value Description 

15,14 PB7 mode bit 1,0 0 0 General purpose input output (PB7) (initial setting) 
(PB7MD1, PB7MDO) 0 ITU timer clock input (TClKD) 

0 ITU output compare output (TOCXB4) 

Timing pattern output (TP7) 

13,12 PB6 mode bit 1,0 0 0 General purpose input output (PB6) (initial setting) 
(PB6MD1, PB6MDO) 0 ITU timer clock input (TClKC) 

0 ITU output compare output (TOCXA4) 

Timing pattern output (TP6) 

11 ,10 PB5 mode bit 1 ,0 0 0 General purpose input output (PB5) (initial setting) 
(PB5MD1, PB5MDO) 0 Reserved 

0 ITU input capture input/output compare output (TIOCB4) 

Timing pattern output (TP5) 

9,8 PB4 mode bit 1,0 0 0 General purpose input output (PB4) (initial setting) 
(PB4MD1, PB4MDO) 0 1 Reserved 

0 ITU input capture input/output compare output (TIOCA4) 

Timing pattern output (TP4) 

7,6 PB3 mode bit 1,0 0 0 General purpose input output (PB3) (initial setting) 
(PB3MD1, PB3MDO) 0 1 Reserved 

0 ITU input capture input/output compare output (TIOCB3) 

Timing pattern output (TP3) 

5,4 PB2 mode bit 1,0 0 0 General purpose input output (PB2) (initial setting) 
(PB2MD1, PB2MDO) 0 Reserved 

1 0 ITU input capture input/output compare output (TIOCA3) 

1 1 Timing pattern output (TP2) 

3,2 PB1 mode bit 1,0 0 0 General purpose input output (PB 1) (initial setting) 
(PB1MD1, PB1MDO) 0 Reserved 

0 ITU input capture input/output compare output (TIOCB2) 

Timing pattern output (TP1) 

1,0 PBO mode bits 1 ,0 0 0 General purpose input/output (PBO) (initial setting) 
(PBOMD1, PBOMDO) 0 1 Reserved 

0 ITU input capture input/output compare output (TIOCA2) 

Timing pattern output (TPO) 
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A.2.63 Column Address Strobe Pin Control Register (CASCR) PFC 

• Top Address: H'SFFFFEE 

• Bus Width: 8116/32 

Register Overview: 

Bit: 15 14 13 12 11 10 9 8 

Bit name: I CASH CASH CASL CASL 
M01 MOO M01 MOO 

Initial value: 0 1 0 1 

R1W: RIW RIW RIW RIW 

Bit: 7 6 5 4 3 2 0 

Bit name: I 
Initial value: 

RIW: 

Table A.64 CASCR Bit Functions 

Bit Bit Name Value Description 

15,14 CASH mode bits 1,0 0 0 Reserved 
(CASHM01, CASHMOO) 0 1 Chip select output (CS1) (initial setting) 

0 Column address strobe output (CASH) 

1 Reserved 

13,12 CASL mode bits 1,0 0 0 Reserved 
(CASLM01, CASLMOO) 0 1 Chip select output (CS3) (initial setting) 

0 Column address strobe output (CASL) 

Reserved 
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A.2.64 TPC Output Mode Register (TPMR) TPC 

• Top Address: H'5FFFFFO 

• Bus Width: 8/16 

Register Overview: 

Bit: 7 6 5 ' 4 3 2 1 a 

Bit name: I '--_---''--_--'--_----' __ --'IL--G_3_NO_V_I'--G_2_NO_V---'IL--G_1_NO_V_IL--G_a_No_v--,1 

Initial value: a a a a 

R1W: RIW R/W RIW R/W 

Table A.65 TPMR Bit Functions 

Bit Bit Name Value Description 

3 Group 3 non- a TPC output group 3 operates always (the output value is updat-
overlap (G3NOV) ed at every compare match A oflhe selected ITU) (initial setting) 

TPC output group 3 operates in non-overlap (1 output and a 
output can be performed independently upon compare matches 
A and B of the selected ITU) 

2 Group 2 non- a TPC output group 2 operates always (the output value is updat-
overlap (G2NOV) ed at every compare match A of the selected ITU) (initial setting) 

TPC output group 2 operates in non-overlap (1 output and a 
output can be performed independently upon compare matches 
A and B of the selected ITU) 

Group 1 non- a TPC output group 1 operates always (the output value is updat-
overlap (G1 NOV) ed at every compare match A of the selected ITU) (initial setting) 

TPC output group 1 operates in non-overlap (1 output and a 
output can be performed independently upon compare matches 
A and B of the selected ITU) 

a Group a non- a TPC output group a operates always (the output value is updat-
overlap (GaNOV) ed at every compare match A of the selected ITU) (initial setting) 

TPC output group a operates in non-overlap (1 output and a 
output can be performed independently upon compare matches 
A and B of the selected ITU) 
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A.2.65 TPC Output Control Register (TPCR) TPC 

• Top Address: H'5FFFFFI 

• Bus Width: 8116 

Register Overview: 

Bit: 7 6 5 4 3 2 1 0 

Bit name: IG3CMS11 G3CMSOIG2CMS 11 G2CMSOI G 1 CMS 11G 1 CMSol GOCMS 11GOCMSOI 

Initial value: 1 1 1 1 1 1 1 1 

R1W: RIW RIW RIW RIW RIW RIW RIW RIW 
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Table A.66 TPCR Bit Functions 

Bit Bit Name Value Description 

7,6 Group 3 compare match sel- 0 0 The output trigger of TPC output group 3 (pins TP15-
ect 1,0 (G3CMS1, G3CMSO) TP12) is the ITU channel 0 compare match 

0 The output trigger of TPC output group 3 (pins TP15-
TP12) is the ITU channel 1 compare match 

0 The output trigger of TPC output group 3 (pins TP15-
TP12) is the ITU channel 2 compare match 

The output trigger of TPC output group 3 (pins TP15-
TP12) is the ITU channel 3 compare match* 

5,4 Group 2 compare match sel- 0 0 The output trigger of TPC output group 2 (pins TP11-
ect 1, 0 (G2CMS 1, G2CMSO) TPS) is the ITU channel 0 compare match 

0 The output trigger of TPC output group 2 (pins TP11-
TPS) is the ITU channel 1 compare match 

0 The output trigger of TPC output group 2 (pins TP11-
TPS) is the ITU channel 2 compare match 

The output trigger of TPC output group 2 (pins TP11-
TPS) is the ITU channel 3 compare match* 

3,2 Group 1 compare match sel- 0 0 The output trigger of TPC output group 1 (pins TP7-
ect 1, 0 (G1CMS1, G1CMSO) TP4) is the ITU channel 0 compare match 

0 The output trigger of TPC output group 1 (pins TP7-
TP4) is the ITU channel 1 compare match 

0 The output trigger of TPC output group 1 (pins TP7-
TP4) is the ITU channel 2 compare match 

The output trigger of TPC output group 1 (pins TP7-
TP4) is the ITU channel 3 compare match* 

1,0 Group 0 compare match sel- 0 0 The output trigger of TPC output group 0 (pins TP3-
ect 1, 0 (GOCMS1, GOCMSO) TPO) is the ITU channel 0 compare match 

0 The output trigger of TPC output group 0 (pins TP3-
TPO) is the ITU channel 1 compare match 

0 The output trigger of TPC output group 0 (pins TP3-
TPO) is the ITU channel 2 compare match 

The output trigger of TPC output group 0 (pins TP3-
TPO) is the ITU channel 3 compare match* 

Note: Initial setting. 
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A.2.66 Next Data Enable Register A (NDERA) TPC 

• Top Address: H'5FFFFF3 

• Bus Width: 8/16 

Register Overview: 

Bit: 7 6 5 4 3 2 1 0 

Bijnam~1 NDER71 NDER61 NDER51 NDER41 NDER31 NDER21 NDER1 I NDEROI 

Initial value: 0 0 0 0 0 0 0 0 

RIW: RIW RIW RIW RIW RIW RIW RIW RIW 

Table A.67 NDERA Bit Functions 

Bit Bit Name 

7-0 Next data enable 7-0 
(NDER7-NDERO) 

Value Description 

o Disable TPC output TP7-TPO (initial setting) (Disable 
transfer from NDR7-NDRO to PB7-PBO) 

Enable TPC output TP7-TPO (Enable transfer from 
NDR7-NDRO to PB7-PBO) 

A.2.67 Next Data Enable Register B (NDERB) TPC 

• Top Address: H'5FFFFF2 

• Bus Width: 8/16 

Register Overview: 

Bit: 7 6 5 4 3 2 1 0 

Bit name: INDER151 NDER14INDER13\ NDER121 NDER11\NDER101 NDER91 NDER81 

Initial value: 0 0 0 0 0 0 0 0 

RIW: RIW RIW RIW RIW RIW RIW RIW RIW 

Table A.68 NDERB Bit Functions 

Bit Bit Name 

7-0 Next data enable 7-0 
(NDER15-NDER8) 

Value Description 

o Disable TPC output TP15-TP8 (initial setting) 
(Disable transfer from NDR15-NDR8 to PB15-PB8) 

Enable TPC output TP15-TP8 (Enable transfer from 
NDR15-NDR8 to PB15-PB8) 
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A.2.68 Next Data Register A (NDRA) TPC 
(When the output triggers of TPC output groups 0 and 1 are the same) 

• Top Address: H'5FFFFF5 

• Bus Width: 8/16 

Register Overview: 

Bit: 7 6 5 4 3 2 

Bit name: I NOR7 NOR6 NOR5 NOR4 NOR3 NOR2 NOR1 

Initial value: a a 0 a 0 a a 
R1W: RIW RIW RIW RIW RIW RIW RIW 

Table A.69 NDRA Bit Functions 

Bit Bit Name 

7-4 Next data 7-4 (NOR7-
NOR4) 

3-0 Next data 3-0 (NOR3-
NORO) 

Description 

Stores the next output data for the TPC output group 1 

Stores the next output data for the TPC output group a 

a 
NORa 

0 

RIW 

A.2.69 Next Data Register A (NDRA) TPC 
(When the output triggers ofTPC output groups 0 and 1 are the same) 

• Top Address: H'5FFFFF7 

• Bus Width: 8/16 

Register Overview: 

Bit: 7 6 5 4 3 2 o 
Bitname:j ~ ----~-----,~----~----~----~-----.------~----. 

Initial value: 

R1W: 

Table A.70 NDRA Bit Functions 

Bit Bit Name Description 

7-0 Reserved bit When read while writing is invalid, always read 1. 
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A.2.70 Next Data Register A (NDRA) TPC 
(When the output triggers of TPC output groups 0 and 1 are different) 

• Top Address: H'SFFFFFS 

• Bus Width: 8/16 

Register Overview: 

Bit: 7 6 5 4 3 2 

Bit name: I NOR7 NOR6 NOR5 NOR4 

Initial value: ° ° ° ° R1W: RIW RIW RIW RIW 

Table A.71 NDRA Bit Functions 

Bit Bit Name 

7-4 Next data 7-4 (NOR7-
NOR4) 

Description 

Stores the next output data for the TPC output group 1 

° 

A.2.71 Next Data Register A (NDRA) TPC 
(When the output triggers of TPC output groups 0 and 1 are different) 

• Top Address: H'SFFFFF7 

• Bus Width: 8116 

Register Overview: 

Bit: 7 6 5 4 3 2 ° 
Bit name: 1~ __ .l....-__ ~ __ --I.-__ ~_N_D_R_3---,-_N_D_R_2~_N_DR_1 ......L..-_N_D_R_0---l 

Initial value: 

R1W: 

Table A.72 NDRA Bit Functions 

Bit Bit Name 

3-0 Next data 3-0 (NOR3-
NORO) 

Description 

° RIW ° RIW 

o 
RIW ° RIW 

Stores the next output data for the TPC output group ° 
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A.2.72 Next Data Register B (NDRB) TPC 
(When the output triggers of TPC output groups 2 and 3 are the same) 

• Top Address: H'SFFFFF4 

• Bus Width: 8/16 

Register Overview: 

Bit: 7 6 5 4 3 2 0 

Bit name: I NOR15 I NOR14 I NOR13 I NOR12 I NOR11 I NOR10 I NOR9 NOR8 

Initial value: 0 0 0 0 0 0 0 0 

R1W: RIW RIW RIW RIW RIW RIW RIW RIW 

Table A.73 NDRB Bit Functions 

Bit Bit Name Description 

7-4 Next data 15-12 (NOR 15- Stores the next output data for the TPC output group 3 
NOR12) 

3-0 Next data 11-8 (NOR11- Stores the next output data for the TPC output group 2 
NOR8) 

A.2.73 Next Data Register B (NDRB) TPC 
(When the output triggers ofTPC output groups 2 and 3 are the same) 

• Top Address: H'SFFFFF6 

• Bus Width: 8/16 

• Module: TPC 

Register Overview: 

Bit: 7 6 5 4 3 2 o 
~----~----~----~----~------~----.------.-----. 

Bit name: I ~ ____ ~ ______ L-____ ~ ____ ~ ____ ~ ____ ~ ______ ~ __ ~ 
Initial value: 

R1W: 

Table A.74 NDRB Bit Functions 

Bit Bit Name Description 

7-0 Reserved bits When read while writing is disabled, always read 1. 
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A.2.74 Next Data Register B (NDRB) TPC 
(When the output triggers of TPC output groups 2 and 3 are different) 

• Top Address: H'5FFFFF4 

• Bus Width: 8116 

Register Overview: 

Bit: 7 6 5 4 3 2 

Bit name: I NOR15 I NOR14 I NOR13 I NOR12 I 
Initial value: 0 0 0 0 

R1W: RIW RIW RIW RIW 

Table A.75 NDRB Bit Functions 

Bit Bit Name Description 

7-4 Next data 15-12 (NOR15- Stores the next output data for the TPC output group 3 
NOR12) 

o 

A.2.75 Next Data Register B (NDRB) TPC 
(When the output triggers of TPC output groups 2 and 3 are different) 

• Top Address: H'SFFFFF6 

• Bus Width: 8/16 

Register Overview: 

Bit: 7 6 5 4 3 2 1 0 
Bit name: 1..-------.-----.-----.------,-.I-N-O-R-11--rI-N-O-R-1 0--'-1 -N-O-R9--r-N-O-R----,S 

Initial value: 0 0 0 0 

R1W: RIW RIW RIW RIW 

Table A.76 NDRB Bit Functions 

Bit Bit Name 

3-0 Next data 3-0 (NOR11-
NORS) 

Description 

Stores the next output data for the TPC output group 2 
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A.3 Register Status in Reset and Power-Down States 

Table A.77 shows the register status in reset and power-down states. 

Table A.77 Register Status in Reset and Power-Down States 

Reset State Power-Down State 

Category Abbreviation Power On Manual Standby Sleep 

CPU RQ-R15 Initialization Initialization Store Store 

SR 

GBR 

VBR 

MACH,MACL 

PR 

PC 

Interrupt controller (INTC) IPRA-IPRE Initialization Initialization Store Store 

ICR 

User break controller (UBC) BARH,BARL Initialization Initialization Store Store 

BAMRH,BAMRL 

BBR 

Bus state controller (BSC) BCR Initialization Store Store Store 

WCR1-WCR3 

DCR 

RCR 

RTSCR 

RTCNT 

RTCOR 

PCR 

Direct memory access SARQ-SAR3 Initialization Initialization Initiali- Store 
controller (DMAC) DARQ-DAR3 zation 

TCRQ-TCR3 

CHCRo-GHCR3 

DMAOR 
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Table A.77 Register Status in Reset and Power-Down States (cont) 

Category 

16-bit integrated timer pulse 
unit (ITU) 

Programmable timer pattern 
controller (TPC) 

Watchdog timer (WDT) 

Serial communications 
interface (SCI) 

Abbreviation 

TSTR 

TSNC 

TMDA, TMDB 

TCNTQ-TCNT 4 

GRAo-GRA4, 
GRBo-GRB4 

BRA3, BRA4. 
BRB3, BRB4 

TCRQ-TCR4 

TIORQ-TIOR4 

TIERQ-TIER4 

TSRQ-TSR4 

TPMR 

TPCR 

NDERA,NDERB 

NDRA,NDRB 

Reset State 

Power On Manual 

Power-Down State 

Standby Sleep 

Initialization Initialization Initiali- Store 
zation 

Initialization Initialization Store Store 

TCNT Initialization Initialization Store Store 

TCSR 

RSTCR Initiali­
zation 

SMR Initialization Initialization Initiali­
-B-R-R----- zation 

SCR 

TDR 

TSR 

SSR 

RDR 

Store 

Initiali­
zation 

RSR Store 

Store 

Notes: 1. Bits 7-5 (OVF, WT/IT, TME) are initialized, bits 2-0 (CKS2-CKSO) are stored. 
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Table A.78 Register Status in Reset and Power-Down States (cont) 

Reset State 

Category Abbreviation Power On Manual 

Power-Down State 

Standby Sleep 

AID converter ADDRA-ADDRD Initialization Initialization Initiali- Store 

ADCSR zation 

ADCR 

Pin function controller (PFC) PAIOR,PBIOR Initialization Store Store Store 

PACR1,PACR2,P 
BCR1,PBCR2 

CASCR 

Parallel I/O port (I/O) PADR,PBDR Initialization Store Store Store 

Power-down-state related SBYCR Initialization Initialization Store Store 

Notes: 2. Bits 15-8 are always undetermined, bits 7-0 always reflect the state of the correspond­
ing pin. 
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Appendix B Pin States 

Table B.t Pin State During Resets, Power-Down State and Bus Release State 

Pin State 

Reset Power-Down Bus 
Category Pin At Power On Manual Standby Sleep Released 

Clock CK 0 0 H*1 0 0 

System control RES I I 

WDTOVF H H H*1 0 0 

BREQ I Z I 

BACK Z 0 Z 0 L 

Interrupt NMI I I I I 

IRQ7-IRQO I Z I 

IRQOUT 0 0*1 H 0 

Address bus A21-AO H 0 Z H Z 

Data bus AD15-ADO Z Z Z Z Z 

DPH,DPL Z Z Z Z 

Bus control WAIT 1*2 1*2 Z 1*2 1*2 

CS7 0 Z H Z 

CSS-CSO Z 0 Z H Z 

RD H 0 Z H Z 

WRH (LBS), WRL H 0 Z H Z 
(WR) 

RAS 0 0*1 0 Z 

CASH,CASL 0 0 0 Z 

AH 0 Z H Z 

Direct memory access DREQO,DREQ1 I Z I I 
controller (DMAC) DACKO,DACK1 Z 0 K*1 0 0 

1S-bit integrated timer TIOCAQ-TIOCA4 K*1 1/0 1/0 
pulse unit (ITU) TIOCBQ-TIOCB4 K*1 1/0 1/0 

TOCXA4, TOCXB4 K*1 0 0 

TCLKA-TCLKD Z I I 

Timing pattern TP15-TPO K*1 0 0 
controller (TPC) 
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Table B.l Pin State During Resets, Power-Down State and Bus Release State (cont) 

Pin State 

Reset Power-Down Bus 

Category Pin At Power On Manual Standby Sleep Released 

Serial communication 
interface (SCI) 

AID converter 

I/O port 

-: Not initial value 

I: Input 

0: Output 

H: High 

L:Low 

Z: High impedance 

TxDO-TxD1 

RxDO,RxD1 

SCKO,SCK1 

AN7-ANO Z 

ADTRG 

PA14, PA12, PA7-
PAO 

PA15, PA13, PA11- Z 
PA8 

PC7-PCO Z 

K: Input pin is high impedance, output pin holds the state 

Z K*1 a a 
z 
z I/O I/O 

Z Z 

Z 

I/O I/O 

I/O I/O 

Z 

Notes: 1. When the port high impedance bit (HIZ) of the standby control register (SBYCR) is 
made 1, the output pins become high impedance. . 

2. When the pin pull-up control bit (WPU) of the wait state control register (WCR3) is made 
1, the WAIT pin is pulled up, but if set to 0, it is not pulled up. 
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The following table shows the states of bus control pins and external bus pins in accesses of 
various address spaces. 

Table B.2 Pin States in Accesses of Address Spaces 

On-Chip Peripheral Modules 

On-Chip On-Chip 16-Bit Space 

Pin Name RIW ROM Space RAM Space a-bit Space High Byte Low Byte Word 

CS7-CSO High High High High High High 

RAS High High High High High High 

CASH High High High High High High 

CASL High High High High High High 

AH Low Low Low Low Low Low 

RD R High High High High High High 

W High High High High High 

WRH R High High High High High High 

W High High High High High 

WRL R High High High High High High 

W High High High High High 

AO AO AO AO AO AO AO 

A21-A1 Address Address Address Address Address Address 

AD15-AD8 High-Z High-Z High-Z High-Z High-Z High-Z 

AD7-ADO High-Z High-Z High-Z High-Z High-Z High-Z 

DPH High-Z High-Z High-Z High-Z High-Z High-Z 

DPL High-Z High-Z High-Z High-Z High-Z High-Z 

R:Read 

W: Write 
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Table B.2 Pin States in Accesses of Address Spaces (cont) 

Address/Data Multiplex va Space 

16-bit Space 

8-bit WRH, WRL, AO System WR, HBS, LBS System 

Pin Name RIW Space High Byte Low Byte Word High Byte Low Byte Word 

CS7, CS5- High High High High High High High 
CSO 

CS6 Low Low Low Low Low Low Low 

RAS High High High High High High High 

CASH High High High High High High High 

CASL High High High High High High High 

AH AH AH AH AH AH AH AH 

RD R Low Low Low Low Low Low Low 

W High High High High High High 

WRH/LBS R High High High High High Low Low 

W High Low High Low High Low Low 

WRLlWR R High High High High High High High 

W Low High Low Low Low Low Low 

AD/HBS AO Low High Low Low High Low 

A21-A1 Address Address Address Address Address Address Address 

AD15-AD8 High-Z Address/ Address Address/ Address! Address Address/ 
data data data data 

AD7-ADO Address/ Address Address! Address/ Address Address/ Address/ 
data data data data data 

R:Read 

W: Write 

AH: When addresses are output from AD15-ADO, an address hold signal is output. 
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Table B.2 Pin States in Accesses of Address Spaces (cont) 

DRAM Space 

16-bit Space 

8-blt Two CAS system Two WE system 

Pin Name RIW Space High Byte Low Byte Word High Byte Low Byte Word 

CS7-CS2, High High High High High High High 
CSO 

CS1 Low Low Low Low 

RAS RAS RAS RAS RAS RAS RAS RAS 

CASH High CASH High CASH High High High 

CASL CAS High CASL CASL CASL CASL CASL 

AH Low Low Low Low Low Low Low 

RD R Low Low Low Low Low Low Low 

W High High High High High High High 

WRH/LBS R High High High High High High High 

W High High High High Low High Low 

WRLlWR R High High High High High High High 

W Low Low Low Low High Low Low 

AO/HBS AO AO AO AO AO AO AO 

A21-A1 Address Address Address Address Address Address Address 

AD15-AD8 High-Z Data High-Z Data High-Z Data Data 

AD7-ADO Data High-Z Data Data Data High-Z Data 

DPH High-Z Parity High-Z Parity Parity High-Z Parity 

DPL Parity High-Z Parity Parity High-Z Parity Parity 

R: Read 

W: Write 

-: The CS1 pin is used as the CASH signal output pin. 

RAS: When a low address is output from A21-AO, an address strobe signal is output. 

CAS: When a column address is output from A21-AO, an address strobe signal is output. 

CASH: When a column address is output from A21-AO during a high byte access, an address 
strobe signal is output. 

CASL: When a column address is output from A21-AO during a low byte access, an address strobe 
signal is output. 

Parity: When a DRAM space parity check is selected with the parity check enable bit 
(PCHK1 ,PCHKO) of the parity control register (PCR), it is used as the parity pin. 
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Table B.2 Pin States in Accesses of Address Spaces (cont) 

External Memory Space 

16-bit Space 

8-bit WRH, WRL, AO System WR, HBS, LBS System 

Pin Name RIW Space High Byte Low Byte Word High Byte Low Byte Word 

CS7-CSO Valid Valid Valid Valid Valid Valid Valid 

AAS High High High High High High High 

CASH High High High High High High High 

CASL High High High High High High High 

AH Low Low Low Low Low Low Low 

AD R Low Low Low Low Low Low Low 

W High High High High High High High 

WRH/LBS R High High High High High Low Low 

W High Low High Low High Low Low 

WRLJWR R High High High High High High High 

W Low High Low Low Low Low Low 

AD/HBS AO AD AD AD Low High Low 

A21-A1 Address Address Address Address Address Address Address 

AD15-AD8 High-Z Data High-Z Data High-Z Data Data 

AD7-ADD Data High-Z Data Data Data High-Z Data 

DPH High-Z Parity High-Z Parity Parity High-Z Parity 

DPL Parity High-Z Parity Parity High-Z Parity Parity 

R:Read 

W: Write 

Valid: Chip select signal for the area accessed is Low; other chip select signals are High. 

Parity: When an area 2 parity check is selected with the parity check enable bit (PCHK1 ,PCHKD) of 
the parity control register (PCR), it is used as the parity pin. 
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Appendix C External Dimensions 

Figure C.l shows the external dimensions of the SH microcomputer (FP-l12). 
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