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Cautions

1. Hitachi neither warrants nor grants licenses of any rights of Hitachi’s or any third party’s
patent, copyright, trademark, or other intellectual property rights for information contained in
this document. Hitachi bears no responsibility for problems that may arise with third party’s
rights, including intellectual property rights, in connection with use of the information
contained in this document.

2. Products and product specifications may be subject to change without notice. Confirm that yo
have received the latest product standards or specifications before final design, purchase or
use.

3. Hitachi makes every attempt to ensure that its products are of high quality and reliability.
However, contact Hitachi’s sales office before using the product in an application that
demands especially high quality and reliability or where its failure or malfunction may directly
threaten human life or cause risk of bodily injury, such as aerospace, aeronautics, nuclear
power, combustion control, transportation, traffic, safety equipment or medical equipment for
life support.

4. Design your application so that the product is used within the ranges guaranteed by Hitachi
particularly for maximum rating, operating supply voltage range, heat radiation characteristics,
installation conditions and other characteristics. Hitachi bears no responsibility for failure or
damage when used beyond the guaranteed ranges. Even within the guaranteed ranges,
consider normally foreseeable failure rates or failure modes in semiconductor devices and
employ systemic measures such as fail-safes, so that the equipment incorporating Hitachi
product does not cause bodily injury, fire or other consequential damage due to operation of
the Hitachi product.

5. This product is not designed to be radiation resistant.

6. No one is permitted to reproduce or duplicate, in any form, the whole or part of this document
without written approval from Hitachi.

7. Contact Hitachi's sales office for any questions regarding this document or Hitachi
semiconductor products.




Preface

The SH7709A is a microprocessor that integrates peripheral functions necessary for system
configuration with a 32-bit internal architecture SH3-DSP CPU as its core.

The SH7729R's on-chip peripheral functions include a cache memory, an interrupt controller,
timers, three serial communication interfaces, a real time clock (RTC), memory management un
(MMU), a user break controller (UBC), a bus state controller (BSC), and I/O ports, making it ide
for use as a microcomputer in electronic devices that require high speed together with low powe
consumption.

Intended Readership: This manual is intended for users undertaking the design of an applicatior
system using the SH7709A. Readers using this manual require a basic
knowledge of electrical circuits, logic circuits, and microcomputers.

Purpose: The purpose of this manual is to give users an understanding of the hardw:
functions and electrical characteristics of the SH7709A. Details of execution
instructions can be found in the SH-3, SH-3E, SH3-DSP Programming
Manual, which should be read in conjunction with the present manual.

Using this Manual:

¢ For an overall understanding of the SH7709A's functions
Follow the Table of Contents.This manual is broadly divided into sections on the CPU, systel
control functions, peripheral functions, and electrical characteristics.
¢ For a detailed understanding of CPU functions
Refer to the separate publication SH-3, SH-3E, SH3-DSP Programming Manual.
Note on bit notation:  Bits are shown in high-to-low order from left to right.

Related Material:  The latest information is available at our Web Site. Please make sure thaty
have the most up-to-date information available.
(http://www.hitachisemiconductor.com/)
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User's Manuals on the SH7709A:

Manual Title ADE No.
SH7709A Hardware Manual This manual
SH-3, SH-3E, SH-3DSP Programming Manual ADE-602-096
Users manuals for development tools:

Manual Title ADE No.
C/C++ Complier, Assembler, Optimized Linkage Editor User's Manual ADE-702-246
Simulator Debugger Users Manual ADE-702-186
Hitachi Embedded Workshop Users Manual ADE-702-201
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List of ltems Revised or Added for This Version

Section Page Item Description
1.3.1 Pin Assignment 8 Figurel.3 Pin Assignment | Figure location changed
1.3.2 Pin Function 12 Tablel.3 SH7709A Pin Write strobe (PCMCIA)
Function added to description of pin
no. 90
14 Note 6 added for Pin
Name of pin no. 127
17 Pin nos. 206, 207
description changed, Note
6 description added
2.4.1 Instruction Set 44 Table2.8 Logic Operation Note * added and Note
Instructions description added for
TAS.B @Rn
3.1.3 SH7709A MMU 60 Virtual Address Map Description added
4.2.2 Exception 89 Table4.2 Exception Event | Exception event reserved
Processing Vector Vectors instruction code exception
Addresses changed to general illegal
instruction exception
4.2.3 Acceptance of 90 4.2.3 Acceptance of Description changed
Exceptions Exceptions
4.2.4 Exception Codes 92 4.2.4 Exception Codes Description changed
Table4.3 Exception Codes | Description changed and
expanded
4.5.1 Reset 96 4.5.1 Reset * Power-on reset,
» Manual reset,
* H-UDI reset 1111
changed to B'1111
4.5.2 General Exceptions 97_100 TLB miss exception_User Description changed
break point trap
4.5.3 Interrupts 100,101 NMI_H-UDI Interrupt Description changed
4.6 Captions 102 Return from exception Description changed and
processing_Initial register expanded
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5.2 Register Description 107 5.2.1 Cache Control Description changed
Register(CCR)
108 Figure5.2 CCR Register Figure and description
Configuration changed
5.3.3 Prefetch Operations | 112 5.3.3 Prefetch Operations | Added
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Section Page Item Description
6.2.2 IRQ Interrupt 121 6.2.2 IRQ Interrupt Description added
8.1.1 Power-Down Modes | 182 Table8.1 Power-Down Note 4 added for Module
Modes standby CPU and
description changed
Note 4 description added
8.4.2 Canceling Standby 188 Canceling with an Interrupt | Description changed and
Mode expanded
9.9 WDT Registers 216 9.9.1 Watchdog Timer Description changed and
Counter (WTCNT) Note added
9.9.2 Watchdog Timer Note added
Control/Status Register
(WTCSR)
9.10.2 Changing the 219 9.10.2 Changing the Description changed and
Frequency Frequency (6) added
10.1.6 PCMCIA Support 234 Table10.6 PCMCIA Note * added for WP of
Support Interface pin 33
Note description added
10.2.6 Individual Memory 249 10.2.6 Individual Memory Description added for Bits
Control Register (MCR) Control Register (MCR) 15 and 14—RAS
Precharge Time, table
changed and Note added
10.3.8 Waits bitween 346 Figure10.53 Waits Cross-hatching added for
Access Cycles between Access Cycles Twait for A25 to AO
11.3.4 DMA Transfer 385 Figure11.13 Example of Title description changed
Types DMA Transfer Timing in
Single Address Mode
11.4 Compare Match 401_407 | 11.4 Compare Match Throughout section 11.4,
Timer (CMT) Timer (CMT) 0 omitted from end of
CMCSRO0, CMCORO,
CMCNTO
14.3.2 Operation in 486 Figure14.10 Sample Figure description
Asychronous Mode Flowchart for Receiving changed
Serial Data
Section 16 Serial 536_573 | Section 16 Serial 2 added to end of

Communication Interface
with FIFO (SCIF)

Communication Interface
with FIFO (SCIF)

SCRSR, SCFRDR,
SCTSR, SCFTDR,
SCSMR, SCSCR,
SCSSR, SCBRR, SCFCR,
SCFDR, RxD, TxD, SCK,
RTS, CTS
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Section Page Item Description
18.3 Register Descriptions | 593 18.3.4 Port D Control “Reserved” changed to
Register (PDCR) “Reserved (Setting
prohibited)”
595 18.3.6 Port F Control
Register (PFCR)
596 18.3.7 Port G Control
Register (PGCR)
597 598 | 18.3.8 Port H Control
Register (PHCR)
600 18.3.11 Port L Control
Register
(PLCR)
601 18.3.12 SC Port Control
register (SCPCR)
20.1.4 Register 632 Table 20.2 A/D Converter | Access size changed and
Configuration Registers Notes 3 and 4 added
20.3 A/D Data Register 637 20.3 A/D Data Register 20.3 added
Access Size Access Size
22.4.3 H-UDI Reset 669 22.4.3 H-UDI Reset Description added
23.2 DC Characterisrtics 676_678 | Table23.2 DC “(except DAL, DA0O)”
Characteristics added to “All output pins”
for Output high voltage
and Output low voltage
Note 6 added
23.3.3 AC Bus Timing 692 Table 23.7 Bus Timing CKE delay time added
23.3.7 Synchronous 721 Figure 23.44 Synchronous | Tnop cycle deleted
DRAM Timing DRAM Burst Read Bus
Cycle (RAS Down,Same
Row Address,CAS Latency
= 2)
727 Figure 23.50 Synchronous | CSn level in 2nd cycle
DRAM Auto-Refresh from start changed from
Timing (TRAS=1,TPC=1) high level to low level
One TRrw cycle inserted
728 Figure 23.51 Sunchronous | CSn level in 2nd cycle

DRAM Self-Refresh Cycle
(TPC=0)

from start changed from
high level to low level
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Section Page Item Description
Appendix A Pin Functions | 784_785 | Table A.12 Pin States Note 3 added for CE2A,
(PCMCIA/Big Endian) CE2B
Note 3 description added
Appendix B Memory- 786_787 | Table B.1 Memory- BASRA, BASRB, BAMRA,
Mapped Control Registers Mapped Control Registers | BAMRB, BRCR size and
access cycles changed
SDMR address changed
0 SDSR, SDDR/SDDRH,

SDDRL, SDAR, SDARE
description deleted
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Section 1 Overview and Pin Functions

1.1 SH7709A Features

This LSl is a single-chip RISC microprocessor that integrates a Hitachi-original RISC-type
SuperH™* architecture CPU as its core that has an on-chip multiplier, cache memory, and a
memory management unit (MMU) as well as peripheral functions required for system
configuration such as a timer, a realtime clock, an interrupt controller, and a serial communicatic
interface. This LSl includes data protection, virtual memory, and other functions provided by
incorporating an MMU into a SuperH series microprocessor (SH-1 or SH-2).

High-speed data transfers can be performed by an on-chip direct memory access controller
(DMAC) and an external memory access support function enables direct connection to different
types of memory. The SH7709A microprocessor also supports an infrared communication
function, an A/D converter, and a D/A converter.

A powerful built-in power management function keeps power consumption low, even during higt
speed operation. This LSI can run at eight times the frequency of the system bus operating spet
making it optimum for electrical devices such as PDAs that require both high speed and low
power.

The features of this LSl is listed in table 1.1. The specifications are shown in table 1.2.

Note: SuperH is a trademark of Hitachi, Ltd.
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Table 1.1 SH7709A Features

Item Features

CPU » Original Hitachi SuperH architecture
* Object code level compatible with SH-1, SH-2 and SH-3 (SH7708)
* 32-bit internal data bus
* General-register files
0 Sixteen 32-bit general registers (eight 32-bit shadow registers)
O Eight 32-bit control registers
O Four 32-bit system registers
e RISC-type instruction set
O Instruction length: 16-bit fixed length for improved code efficiency
O Load-store architecture
O Delayed branch instructions
O Instruction set based on C language
< Instruction execution time: one instruction/cycle for basic instructions
» Logical address space: 4 Gbytes
« Space identifier ASID: 8 bits, 256 logical address space

* Five-stage pipeline

Clock pulse + Clock mode: An input clock can be selected from the external input (EXTAL
generator (CPG) or CKIO) or crystal oscillator.

e Three types of clocks generated:

O CPU clock: 1-16 times the input clock, maximum 133.34 MHz

O Bus clock: 1-4 times the input clock, maximum 66.67 MHz

O Peripheral clock: 1/4—4 times the input clock, maximum 33.34 MHz
e Power-down modes:

O Sleep mode

0 Standby mode

O Module standby mode
¢ One-channel watchdog timer

Memory * 4 Gbytes of address space, 256 address spaces (ASID 8 hits)
management . .
unit (MMU) Page unit sharing
e Supports multiple page sizes: 1, 4 kbytes
e 128-entry, 4-way set associative TLB
e Supports software selection of replacement method and random-replacement
algorithms
» Contents of TLB are directly accessible by address mapping
2
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Table 1.1 SH7709A Features (cont)

Item

Features

Cache memory

16-kbyte cache, mixed instruction/data

256 entries, 4-way set associative, 16-byte block length
Write-back, write-through, LRU replacement algorithm
1-stage write-back buffer

Maximum 2 ways of the cache can be locked

Interrupt
controller (INTC)

Eleven external interrupt pins (NMI, IRQ5-IRQO, IRLS3-IRLS0)
On-chip peripheral interrupts: set priority levels for each module

User break
controller (UBC)

2 break channels

Addresses, data values, type of access, and data size can all be set as break
conditions

Supports a sequential break function

Bus state
controller (BSC)

Physical address space divided into six areas (area 0O, areas 2 to 6), each a
maximum of 64 Mbytes, with the following features settable for each area:

O Bus size (8, 16, or 32 bits)
O Number of wait cycles (also supports a hardware wait function)

0 Setting the type of space enables direct connection to SRAM, DRAM,
Synchronous DRAM, and burst ROM

O Supports PCMCIA interface (2 channels)

O Outputs chip select signal (CS0, CS2—-CS6) for corresponding area
DRAM/Synchronous DRAM refresh function

O Programmable refresh interval

O Supports CAS-before-RAS refresh and self-refresh modes

0 Supports power-down DRAM

DRAM/Synchronous DRAM burst access function

Usable as either big or little endian machine

Hitachi user-
debugging
Interface (H-UDI)

E10A emulator support
JTAG-standard pin assignment
Realtime branch address trace

1-kB on-chip RAM for fast emulation program execution

Timer (TMU)

3-channel auto-reload-type 32-bit timer

Input capture function

6 types of counter input clocks can be selected
Maximum resolution: 2 MHz
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Table 1.1 SH7709A Features (cont)

Item

Features

Realtime clock
(RTC)

Built-in clock, calendar functions, and alarm functions

On-chip 32-kHz crystal oscillator circuit with a maximum resolution (interrupt
cycle) of 1/256 second

Serial communi-
cation interface 0
(sSclo/scl)

Asynchronous mode or clock synchronous mode can be selected
Full-duplex communication
Supports smart card interface

Serial communi-
cation interface 1
(SCI1/IrDA)

16-byte FIFO for transmission/reception
DMA can be transferred
IrDA: interface based on 1.0

Serial communi-
cation interface 2
(SCI2/SCIF)

16-byte FIFO for transmission/reception
DMA can be transferred
Hardware flow control

Direct memory
access controller
(DMAC)

4 channels

Burst mode and cycle-steal mode

1/0O port

Twelve 8-bit ports

A/D converter
(ADC)

10 bits + 4 LSB, 8 channels
Conversion time: 10 ps
Input range: 0-Vcc (max. 3.6 V)

D/A converter
(DAC)

8 bits = 4 LSB, 2 channels
Conversion time: 10 ps
Output range: 0-Vcc (max. 3.6 V)

Product lineup

Power Supply Voltage 556 r41ing

Abbr. 110 Internal Frequency Model Name Packege

SH7709A 3.3%0.3V  1.9+0.15V  133MHz HD6417709AF133  208-pin plastic

LQFP (FP-208C)

HD6417709ABT133 216-pin TFBGA
(TBT-216B)

1.840.15V 100MHz  HDG6417709AF100  208-pin plastic
LQFP (FP-208C)

HD6417709ABT100 216-pin TFBGA
(TBT-216B)

HITACHI



Table 1.2  Characteristics

Iltem Characteristics

Power supply voltage « 1/0:3.3+0.3V
Internal: 1.9 +0.15 V (133 MHz model), 1.8 +0.15 V (100 MHz model)

Operating frequency * Internal frequency: maximum 133.34 MHz (133 MHz model), 100 MHz
(100 MHz model); external frequency: maximum 66.67 MHz

Process e 0.25-um CMOS/3-layer metal
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1.2 Block Diagram

SH-3
< cpu
<> UBC
[2]
< 2
MMU K -
AUD
p < B -
TLB 2]
<> 2
<
<] 2
CCN ,Q-O T™MU
< 5
o
CACHE
<14 <> RTC
Qo
- L
N
ASERAM K
> | BSC
ubl K K> DA
L
N
SCIF
INTC K ~ 7
DMAC O§
I AD
i 5 C
CPG/WDT K <
oMt K@
K> DAC
L
External bus [ /O port |
interface
Legend:
ADC: A/D converter INTC:  Interrupt controller
ASERAM: ASE memory IrDA: Serial communicatiion interface (with IRDA)
AUD: Advanced user debugger MMU:  Memory management unit
BSC: Bus state controller RTC: Realtime clock
CACHE: Cache memory SCl: Serial communication interface (with smart card interface)
CCN: Cache memory controller SCIF:  Serial communication interface (with FIFO)
CMT: Compare match timer TLB: Address translation buffer
CPG/WDT: Clock pulse generator/watchdog timer TMU: Timer unit
CPU: Central processing unit UBC: User break controller
DAC: D/A converter
DMAC: Direct memory access controller
H-UDI: Hitachi user-debugging interface

Figure 1.1 Block Diagram
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1.3 Pin Description

131 Pin Assignment
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1.3.2

Table 1.3

Pin Function

SH7709A Pin Function

Number of Pins

FP-208C TBT-216B  Pin Name 1/0 Description

1 B02 MD1 I Clock mode setting

2 A02 MD2 I Clock mode setting

3 BO3 Vce-RTC*! — RTC power supply (1.9 V/1.8 V*®)

4 A03 XTAL2 (0] On-chip RTC crystal oscillator pin

5 B0O4 EXTAL2 I On-chip RTC crystal oscillator pin

6 A04 Vss-RTC*! — RTC power supply (0 V)

7 B05 NMI I Nonmaskable interrupt request

8 AQ5 IRQO/IRLO/PTH[O] I External interrupt request/input
port H

9 B06 IRQL/IRL1/PTH[1] External interrupt request/input
port H

10 A06 IRQ2/IRL2/PTH[2] External interrupt request/input
port H

11 BO7 IRQ3/IRL3/PTHI3] External interrupt request/input
port H

12 AQ7 IRQ4/PTHI[4] External interrupt request/input
port H

13 B08 D31/PTBJ[7] I/0 Data bus / input/output port B

14 A08 D30/PTBI[6] I/O Data bus / input/output port B

15 B09 D29/PTBJ[5] I/0 Data bus / input/output port B

16 A09 D28/PTB[4] I/0 Data bus / input/output port B

17 B10 D27/PTBJ[3] I/O Data bus / input/output port B

18 Al10 D26/PTBJ[2] I/0 Data bus / input/output port B

19 B11 VssQ — Input/output power supply (0 V)

20 A1l D25/PTBJ[1] I/O Data bus / input/output port B

21 B12 VeeQ — Input/output power supply (3.3 V)

22 Al12 D24/PTBJ[0] I/0 Data bus / input/output port B

23 B13 D23/PTA[7] I/O Data bus / input/output port A

24 Al13 D22/PTA[6] I/0 Data bus / input/output port A

25 B14 D21/PTA[5] I/0 Data bus / input/output port A

HITACHI



Table 1.3

SH7709A Pin Function (cont)

Number of Pins

FP-208C TBT-216B  Pin Name 110 Description

26 Al4 D20/PTA[4] I/10 Data bus / input/output port A
27 B15 Vss — Power supply (0 V)

28 Al15 D19/PTA[3] I/O Data bus / input/output port A
29 B16 Vce — Power supply (1.9 V/1.8 V*®)
30 Al6 D18/PTA[2] I/O Data bus / input/output port A
31 B17 D17/PTA[1] I/O Data bus / input/output port A
32 A17 D16/PTA[O] I/10 Data bus / input/output port A
33 B18 VssQ — Input/output power supply (0 V)
34 Al8 D15 I/O Data bus

35 B19 VeeQ — Input/output power supply (3.3 V)
36 A19 D14 I} Data bus

37 B20 D13 I/O Data bus

38 A20 D12 I/0 Data bus

39 B21 D11 I} Data bus

40 A21 D10 I/O Data bus

41 B22 D9 I/0 Data bus

42 A22 D8 IO Data bus

43 B23 D7 I/0 Data bus

44 A23 D6 I/0 Data bus

45 B24 VssQ — Input/output power supply (0 V)
46 A24 D5 I/0 Data bus

47 B25 VeeQ — Input/output power supply (3.3 V)
48 A25 D4 IO Data bus

49 B26 D3 I/0 Data bus

50 A26 D2 I/0 Data bus

51 B27 D1 IO Data bus

52 A27 DO I/0 Data bus

53 B28 AO o Address bus

54 B29 Al o Address bus

55 C28 A2 (0] Address bus

10
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Table 1.3

SH7709A Pin Function (cont)

Number of Pins

FP-208C TBT-216B  Pin Name 1/0 Description

56 C29 A3 o Address bus

57 D28 VssQ — Input/output power supply (0 V)
58 D29 Ad o Address bus

59 E28 VeeQ — Input/output power supply (3.3 V)
60 E29 A5 o Address bus

61 F28 A6 (0] Address bus

62 F29 A7 o Address bus

63 G28 A8 o Address bus

64 G29 A9 (0] Address bus

65 H28 Al10 o Address bus

66 H29 All o Address bus

67 J28 Al12 (0] Address bus

68 J29 Al3 o Address bus

69 K28 VssQ — Input/output power supply (0 V)
70 K29 Al4 (0] Address bus

71 L28 VeeQ — Input/output power supply (3.3 V)
72 L29 A15 o Address bus

73 M28 Al6 (0] Address bus

74 M29 Al7 O Address bus

75 N28 Al18 o Address bus

76 N29 A19 (0] Address bus

77 P28 A20 o Address bus

78 P29 A21 o Address bus

79 R28 Vss — Power supply (0 V)

80 R29 A22 o Address bus

81 T28 Vce — Power supply (1.9 V/1.8 V*®)
82 T29 A23 (0] Address bus

83 u28 VssQ — Input/output power supply (0 V)
84 u29 A24 o Address bus

85 V28 VeeQ — Input/output power supply (3.3 V)

HITACHI
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Table 1.3 SH7709A Pin Function (cont)

Number of Pins

FP-208C TBT-216B  Pin Name 110 Description

86 V29 A25 (0] Address bus

87 w28 BS/PTK[4] O/10 Bus cycle start signal / input/output
port K

88 W29 RD o Read strobe

89 Y28 WEO/DQMLL (0] D7-D0 select signal / DQM
(SDRAM)

90 Y29 WE1/DQMLU/WE 0 D15-D8 select signal / DQM
(SDRAM) / write strobe (PCMCIA)

91 AA28 WE2/DQMUL/ICIORD/ O/1/0 D23-D16 select signal / DQM

PTK][6] (SDRAM) / PCMCIA / input/output

port read /
input/output port K

92 AA29 WES3/DQMUU/ICIOWR/ O/ 1/O D31-D24 select signal / DQM

PTK[7] (SDRAM) / PCMCIA / input/output

port read /
/ input/output port K

93 AB28 RD/WR e} Read/write

94 AB29 AUDSYNC/PTE[7] O/10 AUD synchronous / input/output
port E

95 AC28 VssQ — Input/output power supply (0 V)

96 AC29 CS0/MCS[0] (0] Chip select 0/mask ROM chip
select 0

97 AD28 VeeQ — Input/output power supply (3.3 V)

98 AD29 CS2/PTK]0] O/l/o Chip select 2 / input/output port K

99 AE28 CSS3/PTK][1] O/10 Chip select 3 / input/output port K

100 AE29 CS4/PTK[2] O/1/0 Chip select 4 / input/output port K

101 AF28 CS5/CE1A/PTK]3] O/l/o Chip select 5/CE1 (area 5
PCMCIA) / input/output port K

102 AF29 CS6/CE1B (0] Chip select 6/CE1 (area 6
PCMCIA) / input/output port K

103 AG28 CE2A/PTE[4] O/l/o Area 5 PCMCIA card enable /
input/output port E

104 AG29 CE2B/PTEI[5] O/l/o Area 6 PCMCIA card enable /
input/output port E

105 AH28 CKE/PTK[5] Oo/10 CK enable (SDRAM) / input/output
port K

12
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Table 1.3 SH7709A Pin Function (cont)

Number of Pins

FP-208C TBT-216B  Pin Name 1/0 Description

106 AJ28 RASS3L/PTJ[0] o/l/o Lower 32 Mbytes address (area 3
DRAM, SDRAM) RAS /
input/output port J

107 AH27 RAS2L/ PTJ[1] o/llo Lower 32 Mbytes address (area 2
DRAM, SDRAM) RAS /
input/output port J

108 AJ27 CASLL/CASL/PTJ[2] O/1/0  D7-DO (DRAM) CAS / Lower 32
Mbytes address (SDRAM) CAS /
input/output port J

109 AH26 VssQ — Input/output power supply (0 V)

110 AJ26 CASLH/CASU/PTJ[3] o/llo D15-D8 (DRAM) CAS / Lower 32
Mbytes address (SDRAM) CAS /
input/output port J

111 AH25 VeeQ — Input/output power supply (3.3 V)

112 AJ25 CASHL/PTJ[4] O/10 D23-D16 (DRAM) CAS /
input/output port J

113 AH24 CASHH/PTJ[5] O/l/o D31-D24 (DRAM) CAS/
input/output port J

114 AJ24 DACKO/PTD[5] O/10 DMA acknowledge 0 / input/output
port D

115 AH23 DACK1/PTD[7] O/10 DMA acknowledge 1 / input/output
port D

116 AJ23 CAS2L/PTE[6] O/10 D7-DO0 (area 2 DRAM) CAS /
input/output port E

117 AH22 CAS2H/PTEJ3] o/l/o D15-D8 (area 2 DRAM) CAS /
input/output port E

118 AJ22 RAS3U/PTE[2] O/10 Upper 32 Mbytes address (area 3

DRAM, SDRAM) RAS /
input/output port E

119 AH21 RAS2U/PTE[1] O/1/0  Upper 32 Mbytes address (area 2
DRAM) RAS / input/output port E

120 AJ21 TDO/PTE[Q] I/0 Test data output / input/output
port E

121 AH20 BACK o] Bus acknowledge

122 AJ20 BREQ I Bus request

123 AH19 WAIT I Hardware wait request

124 AJ19 RESETM I Manual reset request

13
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Table 1.3

Number of Pins

SH7709A Pin Function (cont)

FP-208C TBT-216B  Pin Name 110 Description

125 AH18 ADTRG/PTH[5] I Analog trigger / input port H

126 AJ18 I0IS16/PTG[7] I area 6 16-bit input/output / input
port G

127 AH17 ASEMDO/PTG[6]*° I ASE mode / input port G

128 AJ17 ASEBRKAK/PTG[5] ol ASE break acknowledge / input
port G

129 AH16 PTG[4] I Input port G

130 AJ16 AUDATA[3]/PTGI3] /10 /1 AUD data / input port G

131 AH15 AUDATA[2]/PTGI[2] /O /1 AUD data / input port G

132 AJ15 Vss — Power supply (0 V)

133 AH14 AUDATA[1]/PTG[1] /0 /1 AUD data / input port G

134 AJl4 Vce — Power supply (1.9V/1.8 V*°)

135 AH13 AUDATA[0]/PTG[0] /O /1 AUD data / input port G

136 AJ13 TRST/PTF[7)/PINT[15] | Test reset / input port F / port
interrupt

137 AH12 TMS/PTF[6]/PINT[14] I Test mode switch / input port F /
port interrupt

138 AJ12 TDI/PTF[5]/PINT[13] Test data input / input port F / port
interrupt

139 AH11 TCK/PTF[4]/PNT[12] Test clock / input port F / port
interrupt

140 AJ11l IRLS[3)/PTF[3]/ External interrupt request / input

PINT[11] port F / port interrupt
141 AH10 IRLS[2)/PTF[2]/ External interrupt request / input
PINT[10] port F / port interrupt

142 AJ10 IRLS[1)/PTF[1}/PINT[9] | External interrupt request / input
port F / port interrupt

143 AHO09 IRLS[O)/PTF[O])/PINT[8] | External interrupt request / input
port F / port interrupt

144 AJO9 MDO Clock mode setting

145 AHO8 Vece-PLL1*? — PLL1 power supply (1.9V/1.8 V*°)

146 AJO8 CAP1 — PLL1 external capacitance pin

147 AHO7 Vss-PLL1*? — PLL1 power supply (0 V)

148 AJO7 Vss-PLL2*? — PLL2 power supply (0 V)

14

HITACHI



Table 1.3

SH7709A Pin Function (cont)

Number of Pins

FP-208C TBT-216B  Pin Name 1/0 Description

149 AHO6 CAP2 — PLL2 external capacitance pin

150 AJO6 Vee-PLL2*? — PLL2 power supply (1.9V/1.8 V*®)

151 AHO05 AUDCK/PTHI6] AUD clock / input port H

152 AJO5 Vss — Power supply (0 V)

153 AHO04 Vss — Power supply (0 V)

154 AJ04 Vce — Power supply (1.9V/1.8 V*®)

155 AHO3 XTAL (0] Clock oscillator pin

156 AJO3 EXTAL I External clock / crystal oscillator
pin

157 AHO02 STATUSO/PTJ[6] Oo/10 Processor status / input/output
portJ

158 AHO1 STATUS1/PTI[7] O/10 Processor status / input/output
port J

159 AGO02 TCLK/PTH[7] I/1O TMU or RTC clock input/output /
input/output port H

160 AGO1 IRQOUT o} Interrupt request notification

161 AF02 VssQ — Power supply (0 V)

162 AFO01 CKIO I/0 System clock input/output

163 AEOQ2 VeeQ — Power supply (3.3 V)

164 AEO1 TxDO/SCPTI[0] (0] Transmit data 0 / SCI output port

165 ADO02 SCKO/SCPTI[1] I/O Serial clock 0 / SCI input/output
port

166 ADO1 TxD1/SCPT[2] (0] Transmit data 1 / SCI output port

167 ACO02 SCK1/SCPT[3] I/0 Serial clock 1 / SCI input/output
port

168 ACO01 TxD2/SCPTI[4] (0] Transmit data 2 / SCI output port

169 ABO2 SCK2/SCPT[5] I/0 Serial clock 2 / SCI input/output
port

170 ABO1 RTS2/SCPTI[6] O/1/0  Transmit request 2 / SCI
input/output port

171 AA02 RxDO/SCPT[0] I Receive data 0 / SCI output port

172 AA01 RxD1/SCPT[2] I Receive data 1 / SCI output port

173 Y02 Vss — Power supply (0 V)

174 Y01 RxD2/SCPT[4] Receive data 2 / SCI output port

HITACHI
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Table 1.3

SH7709A Pin Function (cont)

Number of Pins

FP-208C TBT-216B  Pin Name 110 Description

175 w02 Vce — Power supply (1.9V/1.8 V*°)

176 w01 CTS2/IRQ5/SCPT[7] Transmit clear 2 / external interrupt
request / SCI input port

177 V02 MCSI[7)/PTC[7]/PINT[7] O/1/O/1 Mask ROM chip select/
input/output port C / port interrupt

178 Vo1 MCSI[6])/PTC[6]/PINT[6] O/I1/O/1 Mask ROM chip select/
input/output port C / port interrupt

179 uo2 MCSI[5)/PTC[5]/PINT[5] O/1/O/1 Mask ROM chip select /
input/output port C / port interrupt

180 uo1 MCS[4])/PTC[4]/PINT[4] O/I1/O/1 Mask ROM chip select/
input/output port C / port interrupt

181 T02 VssQ — Input/output power supply (0 V)

182 TO1 WAKEUP/PTD[3] Oo/10 Standby mode interrupt request
notification / input/output port D

183 R0O2 VeeQ — Input/output power supply (3.3 V)

184 RO1 RESETOUT/PTD[2] O/l/o Reset output / input/output port D

185 P02 MCSI[3)/PTC[3]/PINT[3] O/I/O/1 Mask ROM chip select/
input/output port C / port interrupt

186 PO1 MCSI[2)/PTC[2]/PINT[2] O/1/O/1 Mask ROM chip select/
input/output port C / port interrupt

187 NO02 MCS[1]/PTC[1)/PINT[1] O/I/O/1 Mask ROM chip select/
input/output port C / port interrupt

188 NO1 MCSI[O)/PTCIO/PINT[0] O/1/O/1 Mask ROM chip select /
input/output port C / port interrupt

189 M02 DRAKO/PTDI[1] o/llo DMA request acknowledge /
input/output port D

190 MO1 DRAK1/PTD[0] Oo/10 DMA request acknowledge /
input/output port D

191 LO2 DREQO/PTD[4] I DMA request / input port D

192 LO1 DREQ1/PTDI6] I DMA request / input port D

193 K02 RESETP I Power-on reset request

194 K01 CA I Chip activate / hardware standby
request

195 Jo2 MD3 I Area 0 bus width setting

196 Jo1 MD4 I Area 0 bus width setting

16
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Table 1.3

SH7709A Pin Function (cont)

Number of Pins

FP-208C TBT-216B  Pin Name 1/0 Description

197 HO02 MD5 I Endian setting

198 HO1 AVss — Analog power supply (0 V)

199 G02 ANJ[O0])/PTL[O] I A/D converter input / input port L

200 Go1 AN[1}/PTL[1] I A/D converter input / input port L

201 F02 AN[2]/PTL[2] I A/D converter input / input port L

202 FO1 ANJ[3]/PTL[3] I A/D converter input / input port L

203 EO2 AN[4]/PTL[4] I A/D converter input / input port L

204 EO1 ANI[5]/PTL[5] I A/D converter input / input port L

205 D02 AVcce (3.3V) — Analog power supply (3.3 V)

206 D01 AN[6]/DA[1])/PTL[6] A/D converter input / D/A converter
output / input port L

207 co2 AN[7]/DA[O)/PTL[7] A/D converter input / D/A converter
output / input port L

208 co1 AVss — Analog power supply (0 V)

Notes: 1. Must be connected to the power supply even when the RTC is not used.

2.

Must be connected to the power supply even when the on-chip PLL circuits are not
used (except in hardware standby mode).

Except in hardware standby mode, all V../V¢ pins must be connected to the system
power supply. (Supply power constantly.) In hardware standby mode, power must be
supplied at least to V.. —RTC and Vs —RTC. If power is not supplied to V.. and V¢ pins
other than V.. —RTC and V¢, —RTC, hold the CA pin low.

. A01, A28, A29, AH29, AJ29, AJ02, AJ01, and BO1 are NC pins. Do not make any

connection to these pins.
1.9 V for the 133 MHz model, 1.8 V for the 100 MHz model
Drive high when using the user system alone, and not using an emulator or the H-UDI.
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Section 2 CPU

2.1 Register Configuration

2.1.1 Privileged Mode and Banks

Processor ModesThere are two processor modes: user mode and privileged mode. The

SH7709A normally operates in user mode, and enters privileged mode when an exception occu
or an interrupt is accepted. There are three kinds of registers—general registers, system registe
and control registers—and the registers that can be accessed differ in the two processor modes

General Registers:There are 16 general registers, designated RO to R15. General registers RO t
R7 are banked registers which are switched by a processor mode change. In privileged mode, t
register bank bit (RB) in the status register (SR) defines which banked register set is accessed «
general registers, and which set is accessed only through the load control register (LDC) and st
control register (STC) instructions.

When the RB bit is 1, BANK1 general registers RO_BANK1-R7_BANK1 and non-banked
general registers R8—R15 function as the general register set, with BANKO general registers
RO_BANKO-R7_BANKO accessed only by the LDC/STC instructions.

When the RB bit is 0, BANKO general registers RO_BANKO0-R7_BANKO and nonbanked genera
registers R8—R15 function as the general register set, with BANK1 general registers RO_BANK1
R7_BANK1 accessed only by the LDC/STC instructions. In user mode, the 16 registers
comprising bank 0 general registers RO_BANKO-R7_BANKO and non-banked registers R8—R1!
can be accessed as general registers RO—R15, and bank 1 general registers RO_BANK1-
R7_BANK1 cannot be accessed.

Control Registers: Control registers comprise the global base register (GBR) and status register
(SR) which can be accessed in both processor modes, and the saved status register (SSR), sa\
program counter (SPC), and vector base register (VBR) which can only be accessed in privilege
mode. Some bits of the status register (such as the RB bit) can only be accessed in privileged
mode.

System RegistersSystem registers comprise the multiply and accumulate registers
(MACL/MACH), the procedure register (PR), and the program counter (PC). Access to these
registers does not depend on the processor mode.

The register configuration in each mode is shown in figures 2.1 and 2.2.
Switching between user mode and privileged mode is controlled by the processor mode bit (MD

in the status register.
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31 0
RO_BANKOQ*1, *2
R1_BANKO*2
R2_BANKO*2
R3_BANKO0*2
R4_BANKO*2
R5_BANKO*2
R6_BANKO*2
R7_BANKO*2
R8
R9
R10
R11
R12
R13
R14
R15

SR

GBR
MACH
MACL

PR

| PC |
User mode register configuration

Notes: *1 RO functions as an index register in the indexed register-indirect addressing
mode and indexed GBR-indirect addressing mode.
*2 Banked register

Figure 2.1 User Mode Register Configuration
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31 0 31 0
RO_BANK1*1, *2 RO_BANKO*1, *3
R1_BANK1*2 R1_BANKO*3
R2_BANK1*2 R2_BANKO*3
R3_BANK1*2 R3_BANKO*3
R4_BANK1*2 R4 _BANKO*3
R5_BANK1*2 R5_BANKO*3
R6_BANK1*2 R6_BANKO*3
R7_BANK1*2 R7_BANKO*3
R8 R8
R9 R9
R10 R10
R11 R11
R12 R12
R13 R13
R14 R14
R15 R15
SR SR
SSR SSR
Notes: *1 RO functions as an index
GBR GBR register in the indexed
MACH MACH register-inqlirect addressing
MACL MACL _mo_de and |ndex_ed GBR-
indirect addressing mode.
PR PR
VBR VBR *2 Banked register
When the RB bit of the SR
PC PC register is 1, the register can
SPC SPC be accessed for general use.
When the RB bit is 0, it can
RO_BANKO*1; *3 RO_BANKZ1*1, *2 only be accessed with the
R1_BANKO*3 R1_BANK1*2 LDC/STC instruction.
R2_BANKO*3 R2_BANK1*2 *3 Banked register
R3_BANKO0*3 R3_BANK1*2 When the RB bit of the SR
R4_BANKO*3 R4_BANK1*2 register is 0, the register can
R5_BANKO*3 R5_BANK1*2 be accessed fo_r general use.
R6_BANKO™? R6_BANKL-2 only be accessed wih tho
R7_BANKO*3 R7_BANK1*2 LDC/STC instruction.

a. Privileged mode

b.

Privileged mode

register configuration
(RB=1)

register configuration
(RB=0)

Figure 2.2 Privileged Mode Register Configuration
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Register values after a reset are shown in table 2.1.

Table 2.1 Initial Register Values

Type Registers Initial Value
General registers RO to R15 Undefined
Control registers SR MD bit=1, RB bit=1, BL bit=1, 13—

10 = 1111 (H'F), reserved bits = 0,
others undefined

GBR, SSR, SPC Undefined

VBR H'00000000
System registers MACH, MACL, PR Undefined

PC H'A0000000

2.1.2 General Registers

There are 16 general registers, designated RO to R15 (figure 2.3). General registers RO to R7 are
banked registers, with a different RO—R7 register bank (RO_BANKO0-R7_BANKO or
RO_BANK1-R7_BANK1) being accessed according to the processor mode. For details, see figur
2.1 User Mode Register Configulation and figure 2.2 Privileged Mode Register Configulation.

The general register configuration is shown in table 2.2.

General Registers
31 0
RO*1, *2 Notes:

R1*2 * . : : : :
Ro*2 1RO _funct_lon_s asan mdex_ register in the_ indexed
R3*2 register-indirect addressing mode and indexed
RA*2 GBR-indirect addressing mode. In some instructions,
R5*2 only RO can be used as the source register or
R6*2 destination register.
R7*2

R8 *2 RO-R7 are banked registers.

R9 In privileged mode, SR.RB specifies which banked
R10 registers are accessed as general registers

R11 (RO_BANKO-R7_BANKO or RO_BANK1-R7_BANK1).
R12

R13

R14

R15

Figure 2.3 General Registers
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2.1.3 System Registers

System registers can be accessed by the LDS and STS instructions. When an exception occurs
contents of the program counter (PC) are saved in the saved program counter (SPC). The SPC
contents are restored to the PC by the RTE instruction used at the end of the exception handlin
There are four system registers, as follows.

¢ Multiply and accumulate high register (MACH)
e Multiply and accumulate low register (MACL)
* Procedure register (PR)

e Program counter (PC)

The system register configuration is shown in figure 2.4.

System Registers
31
MACH Multiply and Accumulate High and Low Registers
MACL (MACHI/L)
Store the results of multiply-and-accumulate operations.
|31 PR 0| Procedure Register (PR)
Stores the return address for exiting a subroutine
procedure.
31 0
| PC | Program Counter (PC)
Indicates the address four addresses (two instructions)
ahead of the currently executing instruction. Initialized
to H'A0000000 by a reset.

Figure 2.4 System Registers

2.1.4 Control Registers

Control registers can be accessed in privileged mode using the LDC and STC instructions. The
GBR register can also be accessed in user mode. There are five control registers, as follows:

e Status register (SR)

e Saved status register (SSR)

e Saved program counter (SPC)
¢ Global base register (GBR)

¢ Vector base register (VBR)
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31 0 Saved Status Register (SSR)
| SSR Stores current SR value at time of exception to
indicate processor status in return to instruction
stream from exception handler.

31 0 Saved Program Counter (SPC)

| SPC | Stores current PC value at time of exception to
indicate return address at completion of exception
handling.

31 0 Global Base Register (GBR)

GBR Stores base address of GBR-indirect
addressing mode. The GBR-indirect addressing mode
is used for on-chip supporting module register area
data transfers and logic operations.
The GBR register can also be accessed in user mode.
Its contents are undefined after a reset.

31 0 Vector Base Register (VBR)
| VBR | Stores base address of exception handling vector area.
Initialized to H'0000000 by a reset.

31 30 29 2827 13121110 9 8 7 3 10 Status
|0 MD[RBIBL|0 olci]o]o|m|Q[13121110[0]0]S]|T| Eg%i?ter

MD: Processor operation mode bit: Indicates the processor operation mode as follows:
MD =1: Privileged mode; MD = 0: User mode
MD is set to 1 on generation of an exception or interrupt , and is initialized to 1 by a reset.
RB: Register bank bit: Determines the bank of general registers RO—R7 used in processing mode.
RB = 1: RO_BANK1-R7_BANK1 and R8-R15 are general registers, and RO_BANKO—
R7_BANKO can be accessed by LDC/STC instructions.
RB = 0: RO_BANKO-R7_BANKO and R8-R15 are general registers, and RO_BANK1—
R7_BANK1 can be accessed by LDC/STC instructions.
RB is set to 1 on generation of an exception or interrupt , and is initialized to 1 by a reset.
BL: Block bit
BL = 1: Exceptions and interrupts are suppressed. See section 4, Exception
Handling, for details.
BL = 0: Exceptions and interrupts are accepted.
BL is set to 1 on generation of an exception or interrupt , and is initialized to 1 by a reset.
CL: Cache lock bit
When set to 1, the cache lock function can be used.
M and Q bits: Used by the DIVOS/U and DIV1 instructions.
13—10 bits: Interrupt mask bits: 4-bit field indicating the interrupt request mask level.
13—-10 do not change to the interrupt acceptance level when an interrupt is generated.
Initialized to B'1111 by a reset.
S bit: Used by the MAC instruction.
T bit: Used by the MOVT, CMP/cond, TAS, TST, BT, BF, SETT, CLRT, and DT instructions to
indicate true (1) or false (0).
Used by the ADDV/C, SUBV/C, DIVOU/S, DIV1, NEGC, SHAR/L, SHLR/L, ROTRI/L, and
ROTCRIL instructions to indicate a carry, borrow, overflow, or underflow.
0 bits: These bits always read 0, and the write value should always be 0.

Note: The M, Q, S, and T bits can be set or cleared by special instructions in user mode.
Their values are undefined after a reset. All other bits can be read or written in privileged mode.

Figure 2.5 Register Set Overview, Control Registers
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2.2 Data Formats

221 Data Format in Registers

Register operands are always longwords (32 bits, figure 2.6). When a memory operand is only ¢
byte (8 bits) or a word (16 bits), it is sign-extended into a longword when loaded into a register.

31 0
| Longword

Figure 2.6 Longword

222 Data Format in Memory

Memory data formats are classified into bytes, words, and longwords. Memory can be accessec
8-bit byte, 16-bit word, or 32-bit longword form. A memory operand less than 32 bits in length is
sign-extended before being stored in a register.

A word operand must be accessed starting from a word boundary (even address of a 2-byte uni
address 2n), and a longword operand starting from a longword boundary (even address of a 4-&
unit: address 4n). An address error will result if this rule is not observed. A byte operand can be
accessed from any address.

Big-endian or little-endian byte order can be selected for the data format. The endian mode shol
be set with the MD5 external pin in a power-on reset. Big-endian mode is selected when the ML
pin is low, and little-endian when high. The endian mode cannot be changed dynamically. Bit
positions are numbered left to right from most-significant to least-significant. Thus, in a 32-bit
longword, the leftmost bit, bit 31, is the most significant bit and the rightmost bit, bit 0, is the leas
significant bit.

The data format in memory is shown in figure 2.7.

Address 10\ +1 Address A+ 3 Address A+ 10 Addlress A+8

Address A Address A + 2| Address A + 11| Address A + 9
31y 23y 154 740 |31y 23y 15y 740
Address A -»(Byte0 [Bytel |Byte2 | Byte3| [Byte3 |Byte2|Bytel |ByteO|« Address A + 8

Address A+4 »| Word0 Word1 Word1 Word0 |« Address A +4
Address A + 8 » Longword Longword <« Address A
Big-endian mode Little-endian mode

Figure 2.7 Data Format in Memory
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2.3 Instruction Features

2.3.1 Execution Environment

Data Length: The SH7709A instruction set is implemented with fixed-length 16-bit wide
instructions executed in a pipelined sequence with single-cycle execution for most instructions.
All operations are executed in 32-bit longword units. Memory can be accessed in 8-bit byte, 16-b
word, or 32-bit longword units, with byte or word units sign-extended into 32-bit longwords.
Literals are sign-extended in arithmetic operations (MOV, ADD, and CMP/EQ instructions) and
zero-extended in logical operations (TST, AND, OR, and XOR instructions).

Load/Store Architecture: The SH7709A features a load-store architecture in which basic
operations are executed in registers. Operations requiring memory access are executed in regist
following register loading, except for bit-manipulation operations such as logical AND functions,
which are executed directly in memory.

Delayed Branching:Unconditional branching is implemented as delayed branch operations.
Pipeline disruptions due to branching are minimized by the execution of the instruction following
the delayed branch instruction prior to branching. Conditional branch instructions are of two
kinds, delayed and normal.

BRA TRGET
ADD R1, RO ;ADD is executed prior to branching to TRGET
26
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T bit: The T bit in the status register (SR) is used to indicate the result of compare operations, a
is read as a TRUE/FALSE condition determining if a conditional branch is taken or not. To
improve processing speed, the T bit logic state is modified only by specific operations. An
example of how the T bit may be used in a sequence of operations is shown below.

ADD #1, RO ;T bit not modified by ADD operation
CW/EQ R1, RO ;T bit setto 1 when R6 0
BT TRCGET ;branch taken to TRGET when T bit =1 (RO = 0)

Literals: Byte-length literals are inserted directly into the instruction code as immediate data. To
maintain the 16-bit fixed-length instruction code, word or longword literals are stored in a table i
main memory rather than inserted directly into the instruction code. The memory table is access
by the MOV instruction using PC-relative addressing with displacement, as follows:

MV. W @disp, PC), RO

Absolute AddressesAs with word and longword literals, absolute addresses must also be stored
in a table in main memory. The value of the absolute address is transferred to a register and the
operand access is specified by indexed register-indirect addressing, with the absolute address
loaded (like word and longword immediate data) during instruction execution.

16-Bit and 32-Bit Displacementsin the same way, 16-bit and 32-bit displacements also must be
stored in a table in main memory. Exactly like absolute addresses, the displacement value is

transferred to a register and the operand access is specified by indexed register-indirect addres
loading the displacement (like word and longword immediate data) during instruction execution.
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2.3.2

Addressing Modes

Addressing modes and effective address calculation methods are shown in table 2.2.

Table 2.2
Addressing Instruction
Mode Format

Effective Address Calculation Method

Addressing Modes and Effective Addresses

Calculation Formula

Register direct Rn

Effective address is register Rn. (Operand is

register Rn contents.)

Register @Rn Effective address is register Rn contents. Rn

Register @Rn+ Effective address is register Rn contents. A Rn

|nd|re_ct with consta_nt is added to Rn after instruction After instruction
post-increment execution: 1 for a byte operand, 2 for a word execution

operand, 4 for a longword operand.

Byte: Rn+1 - Rn
Word: Rn+2 - Rn

Longword: Rn +4 - Rn

Register @-Rn
indirect with

pre-decrement

Effective address is register Rn contents,
decremented by a constant beforehand: 1 for
a byte operand, 2 for a word operand, 4 for a

longword operand.

Rn - 1/2/4

Byte: Rn—1 - Rn
Word: Rn—2 - Rn

Longword: Rn—4 - Rn

(Instruction executed
with Rn after
calculation)
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Table 2.2  Addressing Modes and Effective Addresses (cont)

Addressing Instruction
Mode Format Effective Address Calculation Method Calculation Formula
Register @(disp:4, Effective address is register Rn contents with Byte: Rn + disp
indirect with  Rn) 4-bit displacement disp added. After disp is Word: Rn + disp x 2
displacement zero-extended, it is multiplied by 1 (byte), 2 )

(word), or 4 (longword), according to the Longword: Rn + disp x 4

operand size.

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

Indexed @(RO, Rn) Effective address is sum of register Rn and Rn + RO

register indirect

RO contents.

O]

GBRindirect @(disp:8, Effective address is register GBR contents Byte: GBR + disp
with GBR) with g-bit displacement_ d_isp adt_je_d. After Word: GBR + disp x 2
displacement disp is zero-extended, it is multiplied by 1 ]
(byte), 2 (word), or 4 (longword), according to Longword: GBR + disp
the operand size. x4
disp ) GBR
(zero-extended) + disp x 1/2/4
Indexed GBR @(RO, Effective address is sum of register GBR and GBR + RO
indirect GBR) RO contents.

GBR + RO
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Table 2.2  Addressing Modes and Effective Addresses (cont)

Addressing Instruction
Mode Format Effective Address Calculation Method Calculation Formula

PC-relative @(disp:8, Effective address is register PC contents with  Word: PC + disp x 2
with PC) 8-bit displacement disp added. After disp is

; . o Longword:

displacement zero-extended, it is multiplied by 2 (word), or PC & H'EFEE FEEC +

4 (longword), according to the operand size. disp x 4

With a longword operand, the lower 2 bits of

PC are masked.

(for longword)
PC + disp x 2
or
: PC&HFFFFFFFC
disp +disp x 4

(zero-extended)

PC-relative disp:8 Effective address is register PC contents with PC + disp x 2

8-bit displacement disp added after being
sign-extended and multiplied by 2.

disp
(sign-extended)

PC + disp x 2

disp:12 Effective address is register PC contents with PC + disp x 2
12-bit displacement disp added after being
sign-extended and multiplied by 2.

disp
(sign-extended)

PC + disp x 2
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Table 2.2  Addressing Modes and Effective Addresses (cont)
Addressing Instruction
Mode Format Effective Address Calculation Method Calculation Formula
PC-relative Rn Effective address is sum of register PC and PC +Rn
Rn contents.
(+) PC + RO
Immediate #imm:8 8-bit immediate data imm of TST, AND, OR, —
or XOR instruction is zero-extended.
#imm:8 8-bit immediate data imm of MOV, ADD, or —
CMP/EQ instruction is sign-extended.
#imm:8 8-bit immediate data imm of TRAPA —

instruction is zero-extended and multiplied by
4.

Note: For the addressing modes below that use a displacement (disp), the assembler descriptions
in this manual show the value before scaling (x1, x2, or x4) is performed according to the
operand size. This is done to clarify the operation of the IC. Refer to the relevant assembler
notation rules for the actual assembler descriptions.

@ (disp:4, Rn) ; Register indirect with displacement
@ (disp:8, Rn) ; GBR indirect with displacement

@ (disp:8, PC) ; PC-relative with displacement
disp:8, disp:12; PC-relative
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2.3.3 Instruction Formats

Table 2.3 explains the meaning of instruction formats and source and destination operands. The
meaning of the operands depends on the operation code. The following symbols are used.

XXXX: Operation code
mmmm: Source register

nnnn: Destination register
iiii: Immediate data
dddd: Displacement
Table 2.3  Instruction Formats
Source Destination Instruction
Instruction Format Operand Operand Example
0 format 15 — — NOP
XXXX  XXXX  XXXX  XXXX
n format 15 — nnnn: register MOVT Rn
xxxx| nnnn | XXXX  XXXX direct
Control register or  nnnn: register STS
system register direct MACH,Rn
Control register or  nnnn: register STC.L
system register indirect with SR,@-Rn
pre-decrement
m format 15 mmmm: register Control register LDC
XXXX |mmmm| XXXX  XXXX direct or system Rm,SR
register
mmmm: register Control register LDC.L
indirect with post-  or system @Rm+,SR
increment register
mmmm: register — JMP @Rm
indirect
mmmm: PC- — BRAF Rm

relative using Rm
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Table 2.3

Instruction Formats (cont)

Source Destination Instruction
Instruction Format Operand Operand Example
nm format 15 0 mmmm: register  nnnn: register ADD Rm,Rn

XXXX | nnnn |mmmm| XXXX | direct direct

mmmm: register  nnnn: register MOV.L

indirect indirect Rm,@Rn

mmmm: register  MACH,MACL MAC.W

indirect with post- @Rm+,@Rn+

increment

(multiply-and-

accumulate

operation)

nnnn: * register

indirect with post-

increment

(multiply-and-

accumulate

operation)

mmmm: register nnnn: register MOV.L

indirect with post-  direct @Rm+,Rn

increment

mmmm: register nnnn: register MOV.L

direct indirect with Rm,@-Rn

pre-decrement

mmmm: register nnnn: indexed MOV.L

direct register indirect Rm,@(R0,Rn)
md format 15 0 mmmmdddd: RO (register MOV.B

XXXX  XXXX |mmmm| dddd | register indirect direct) @(disp,Rm),R0
with displacement
nd4 format 15 0 RO (register nnnndddd: MOV.B

XXXX  XXXX | nnnn | dddd

direct)

register indirect
with
displacement

RO,@(disp,Rn)

HITACHI
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Table 2.3 Instruction Formats (cont)
Source Destination Instruction
Instruction Format Operand Operand Example
nmd 15 mmmm: register ~ nnnndddd: MOV.L
format | XXXX | nnnn |mmmm| dddd | direct register Rm,@(disp,Rn)
indirect with
displacement
mmmmdddd: nnnn: register MOV.L
register indirect direct @(disp,Rm),Rn
with displacement
dformat 15 0 dddddddd: GBR RO (register MOV.L
XXXX  xxxX | dddd dddd indirect with direct) @(disp,GBR),R0
displacement
RO (register dddddddd: MOV.L
direct) GBRindirect  RO,@(disp,GBR)
with
displacement
dddddddd: RO (register MOVA

PC-relative with
displacement

direct)

@(disp,PC),R0

dddddddd: — BF label
PC-relative
d12 format 15 0 dddddddddddd: — BRA label
XXXX | dddd dddd dddd | PC-relative (label = disp +
PC)
nd8 format 15 0 dddddddd: nnnn: register MOV.L

| XXXX | nnnn | dddd dddd

PC-relative with
displacement

direct

@(disp,PC),Rn

i format 15 0 iiiiiiii: immediate Indexed GBR AND.B
XXXX  XXXX | Piii diii indirect #imm,
@(RO,GBR)
iiiiiiii: immediate RO (register AND
direct) #imm,R0
jiiiiiii: immediate — TRAPA #imm
ni format 15 O iiiiiiii: immediate nnnn: register  ADD
oo | nnnn | i i direct #imm,Rn

Note: * In a multiply-and-accumulate instruction, nnnn is the source register.
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2.4 Instruction Set

24.1

Instruction Set Classified by Function

The SH7709A instruction set includes 68 basic instruction types, as listed in table 2.4.

Table 2.4  Classification of Instructions

Operation No. of
Classification Types Code Function Instructions
Data transfer 5 MOV Data transfer 39

MOVA Effective address transfer

MOVT T bit transfer

SWAP Swap of upper and lower bytes

XTRCT Extraction of middle of linked registers
Arithmetic 21 ADD Binary addition 33
operations ADDC Binary addition with carry

ADDV Binary addition with overflow check

CMP/cond Comparison

DIV1 Division

DIVOS Initialization of signed division

DIVOU Initialization of unsigned division

DMULS Signed double-precision multiplication

DMULU Unsigned double-precision multiplication

DT Decrement and test

EXTS Sign extension

EXTU Zero extension

MAC Multiply-and-accumulate operation,

double-precision multiply-and-accumulate

operation

HITACHI
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Table 2.4  Classification of Instructions (cont)

Operation No. of
Classification Types Code Function Instructions
Arithmetic 21 MUL Double-precision multiplication (32 x 32 33
operations bits)
(cont) MULS Signed multiplication (16 x 16 bits)

MULU Unsigned multiplication (16 x 16 bits)

NEG Negation

NEGC Negation with borrow

SUB Binary subtraction

SUBC Binary subtraction with borrow

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

TST Logical AND and T bit set

XOR Exclusive OR
Shift 12 ROTL One-bit left rotation 16

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

SHAD Dynamic arithmetic shift

SHLD Dynamic logical shift
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Table 2.4  Classification of Instructions (cont)

Operation No. of
Classification Types Code Function Instructions
Branch 9 BF Conditional branch, delayed conditional 11

branch (T =0)
BT Conditional branch, delayed conditional
branch (T =1)

BRA Unconditional branch

BRAF Unconditional branch

BSR Branch to subroutine procedure

BSRF Branch to subroutine procedure

JMP Unconditional branch

JSR Branch to subroutine procedure

RTS Return from subroutine procedure
System 15 CLRMAC  MAC register clear 75
control CLRT Clear T bit

CLRS Clear S bit

LDC Load to control register

LDS Load to system register

LDTLB Load PTE to TLB

NOP No operation

PREF Prefetch data to cache

RTE Return from exception handling

SETS Set S bit

SETT Set T bit

SLEEP Shift to power-down mode

STC Store from control register

STS Store from system register

TRAPA Trap exception handling

Total: 68 188
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Table 2.5 lists the SH7709A instruction code formats.

Table 2.5

Item

Instruction Code Format

Format Explanation

Instruction
mnemonic

OP.Sz SRC,DEST OP: Operation code
Sz: Size
SRC: Source
DEST: Destination
Rm: Source register
Rn: Destination register
imm: Immediate data
disp: Displacement

Instruction
code

MSB - LSB mmmm: Source register
nnnn: Destination register
0000: RO
0001: R1
1111: R15
iiii: Immediate data
dddd: Displacement*

Operation
summary

, — Direction of transfer

(xx) Memory operand

M/QIT Flag bits in SR

& Logical AND of each bit
| Logical OR of each bit

N Exclusive OR of each bit
~ Logical NOT of each bit
<<n, >>n n-bit shift

Privileged
mode

Indicates whether privileged mode applies

Execution
cycles

Value when no wait states are inserted

The execution cycles listed in the table are minimums. The

actual number of cycles may be increased in cases such

as the followsing:

1. When contention occurs between instruction fetches
and data access

2. When the destination register of the load instruction

(memory - register) and the register used by the next
instruction are the same

T bit

Value of T bit after instruction is executed
—: No change

Note: * Scaling (x1, x2, x4) is performed according to the instruction operand size.
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Table 2.6 lists the SH7709A data transfer instructions

Table 2.6  Data Transfer Instructions
Privileged

Instruction Operation Code Mode Cycles T Bit

MoV #i mm Rn imm - Sign extension 1110nnnniiiiiiii — 1 —
- Rn

MV. W @disp, PC),Rn (disp x2 +PC) - Sign 1001nnnndddddddd — 1 —
extension — Rn

MOV.L @disp,PO,Rn (dispx4+PC)- Rn 1101nnnndddddddd — 1 —

MoV Rm Rn Rm - Rn 0110nnnnmmm®O011 — 1 —

MV.B Rm @un Rm - (Rn) 0010nnnnmmmMO000  — 1 —

MOV. W  Rm @Rn Rm - (Rn) 0010nnnnmmmD001  — 1 —

MOV.L Rm @n Rm - (Rn) 0010nnnnmMmmMm®O010 — 1 —

MWV.B @Rm Rn (Rm) - Sign extension 0110nnnnmmmO000  — 1 —
- Rn

MOV. W  @m Rn (Rm) - Sign extension 0110nnnnmmm0001  — 1 —
- Rn

MV.L @Rm Rn (Rm) - Rn 0110nnnnmmm0010 — 1 —

MOV. B  Rm @Rn Rn-1 - Rn,Rm - (Rn) 0010nnnnnmmm0100 — 1 —

MOV. W Rm @Rn Rn-2 - Rn,Rm - (Rn)  0010nnnnnmmm®0101 — 1 —

MWV.L Rm @Rn Rn-4 - Rn,Rm - (Rn)  0010nnnnmmm©0110 — 1 —

MOV. B @m+, Rn (Rm) - Sign extension 0110nnnnmmmD100 — 1 —
- Rn,Rm+1 -~ Rm

MOV. W @mt, Rn (Rm) — Sign extension 0110nnnnmm®0101 — 1 —
- Rn,Rm+2 -~ Rm

MOV.L @mt, Rn (Rm) -~ Rn,Rm+4 - Rm 0110nnnnmmm0110 — 1 —

MOV. B RO, @di sp, Rn) RO - (disp + Rn) 10000000nnnndddd  — 1 —

MOV. W RO, @di sp, Rn) RO - (disp x 2 + Rn) 10000001nnnndddd — 1 —

MOV.L Rm @di sp, Rn) Rm - (disp x4 + Rn) 0001lnnnnnmmdddd  — 1 —

MWV.B @disp, Rm,R0 (disp+Rm) - Sign 10000100nmmmdddd  — 1 —
extension - RO

MV. W @disp,Rm,R0 (disp x2+ Rm) - Sign 10000101mmmdddd — 1 —
extension - RO

MOV.L @disp,RmM,Rn (disp x4+ Rm) - Rn 0101nnnnmmmdddd  — 1 —

MWV.B Rm @RO, Rn) Rm - (RO + Rn) 0000nnnnmMmMMD100 — 1 —
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Table 2.6

Data Transfer Instructions (cont)

Privileged

Instruction Operation Code Mode Cycles T Bit

MOV. W Rm @ RO, Rn) Rm - (RO + Rn) 0000NnNNNnMmMO101 — 1 —

MOV.L Rm @RO, Rn) Rm - (RO + Rn) 0000nnnnmMmMmMMO110 — 1 —

MV.B @RO,RM, Rn (RO + Rm) - Sign 0000nnNnmMmM1100 — 1 —
extension - Rn

MOV. W @RO, Rm), Rn (RO + Rm) - Sign 0000nnnnmmMmM1101 — 1 —
extension - Rn

MOV.L @RO,RM, Rn (RO+Rm) - Rn 0000nnnnmMMM1110 — 1 —

MOV.B RO, @disp, GBBR) RO - (disp + GBR) 11000000dddddddd  ~ — 1 —

MOV. W RO, @di sp, GBBR) RO - (disp x 2 + GBR) 11000001dddddddd  — 1 —

MOV.L RO, @disp, GBBR) RO - (disp x4+ GBR) 11000010dddddddd  ~ — 1 —

MOV. B  @disp, GBR), R0 (disp + GBR) - Sign 11000100dddddddd ~ — 1 —
extension - RO

MV. W @disp, GBBR), RO (disp x2+ GBR) - 11000101dddddddd — 1 —
Sign extension - RO

MOV.L @disp, GBR), R0 (disp x4+ GBR) - RO 11000110dddddddd  — 1 —

MOVA @disp, PO, R0 dispx4+PC - RO 11000111dddddddd — 1 —

MOVT Rn T - Rn 0000nnnn00101001 — 1 —

SWAP. B Rm Rn Rm - Swap the bottom 0110nnnnmMmMmM1000 — 1 —
two bytes -~ REG

SWAP. W Rm Rn Rm - Swap two 0110nnnnmMmmmi001 — 1 —
consecutive words — Rn

XTRCT Rm Rn Rm: Middle 32 bits of 0010nnnnmmmi101  — 1 —

Rn - Rn
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Table 2.7 lists the SH7709A arithmetic instructions.

Table 2.7  Arithmetic Instructions
Privileged
Instruction Operation Code Mode Cycles T Bit
ADD Rm Rn Rn+Rm - Rn 0011nnnnmmml100 — 1 —
ADD #i mm Rn Rn+imm - Rn Olldinnnniiiiiiii — 1 —
ADDC Rm Rn Rn+Rm+T - Rn, 0011nnnnnmm1110 — 1 Carry
Carry - T
ADDV Rm Rn Rn+Rm - Rn, 001llnnnnmmmmllll — 1 Overflow
Overflow - T
CWP/ EQ #imm RO IfRO=imm,1 T 10001000i iiiiiii — 1 Comparison
result
CW/ EQ Rm Rn IfRn=Rm,1 - T 0011nnnnmmmD000 — 1 Comparison
result
CW/ HS RmRn If Rn =2 Rm with 0011lnnnnmmmD010 — 1 Comparison
unsigned data, 1 - T result
CW/ GE RmRn If Rn = Rm with signed ~ 0011nnnnmmmmD011  — 1 Comparison
data,1 - T result
CW/ H RmRn If Rn > Rm with 001lnnnnmmm®0110 — 1 Comparison
unsigned data, 1 - T result
CW/ GI' Rm Rn If Rn > Rm with signed ~ 0011nnnnmmmm0111 — 1 Comparison
data,1 - T result
CW/ PZ Rn IfRN=20,1-T 0100nnnn00010001 — 1 Comparison
result
CW/PL Rn IfRn>0,1 - T 0100nnnn00010101 — 1 Comparison
result
CWP/ STR Rm Rn If Rn and Rm have an 0010nnnnmmm1100 — 1 Comparison
equivalent byte, 1 - T result
Dl V1 Rm Rn Single-step division 0011nnnnmmmmD100 — 1 Calculation
(Rn/Rm) result
DI VOS Rm Rn MSB of Rn - Q, MSB 0010nnnnnMmm®0111 — 1 Calculation
of Rm - M,M"Q - T result
DI VOU 0 - M/IQIT 0000000000011001 — 1 0

HITACHI
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Table 2.7

Instruction

Arithmetic Instructions (cont)

Operation

Code

Privileged
Mode

Cycles T Bit

DMULS. LRm Rn

Signed operation of
Rn x Rm - MACH,
MACL 32 x 32 - 64 bits

0011nnnnmmmil101

2(5)

DMULU. LRm Rn

Unsigned operation of
Rn x Rm - MACH,
MACL 32 x 32 - 64 bits

0011nnnnmmm0101

2(5)

DT Rn

Rn—-1 - Rn,ifRn=
0,1 -5 T,else0 - T

0100nnnn00010000

Comparison
result

EXTS. B Rm Rn

A byte in Rm is sign-
extended - Rn

0110nnnnmmm1110

EXTS. W Rm Rn

A word in Rm is sign-
extended - Rn

0110nnnnmmmill1ll

EXTU. B Rm Rn

A byte in Rm is zero-
extended - Rn

0110nnnnmmmi100

EXTU. W Rm Rn

A word in Rm is zero-
extended - Rn

0110nnnnmmmmil101

MAC.L @mt, @Gn+

Signed operation of (Rn)
x (Rm) + MAC - MAC,
Rn+4 - Rn,

Rm+4 - Rm

32 x 32+ 64 - 64 bits

0000nnnnmMmMM1111

2(5)

MAC. W  @mt, @Gn+

Signed operation of (Rn)
x (Rm) + MAC - MAC,
Rn+2 - Rn,

Rm+2 -~ Rm

16 x 16 + 64 - 64 bits

0100nnnnmmm1111

2(5)

MILL.L RmRn

Rn xRm - MACL
32 x 32 - 32 hits

0000nNnnmMmMO111

2(5)

MJULS. W Rm Rn

Signed operation of Rn
xRm - MAC
16 x 16 — 32 hits

0010nnnnmmmmil111

103

MJLU. W Rm Rn

Unsigned operation of
Rn xRm - MAC
16 x 16 — 32 bits

0010nnnnmmm1110

13
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Table 2.7  Arithmetic Instructions (cont)

Privileged

Instruction Operation Code Mode Cycles T Bit

NEG Rm Rn 0-Rm - Rn 0110nnnnmmmi011 — 1 —

NEGC Rm Rn 0-Rm-T - Rn, 0110nnnnnmm1010 — 1 Borrow
Borrow - T

SUB Rm Rn Rn-Rm - Rn 0011nnnnmmmi000 — 1 —

SUBC Rm Rn Rn-RmM-T - Rn, 0011lnnnnnmm1010 — 1 Borrow
Borrow - T

SUBV Rm Rn Rn-Rm - Rn, 0011nnnnmmmi011 — 1 Underflow

Underflow - T

Note:

*  The normal number of execution cycles is shown. The value in parentheses is the
number of cycles required in case of contention with the preceding or following

instruction.
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Table 2.8 lists the SH7709A logic operation instructions.

Table 2.8 Logic Operation Instructions
Privileged

Instruction Operation Code Mode Cycles T Bit

AND Rm Rn Rn & Rm - Rn 0010nnnnmMmmMM001 —_ 1 —_

AND #i mm RO RO & imm - RO 1100100%iiiiiiii — 1 —

AND. B #i nm @R0, GBBR) (RO + GBR) & imm - 1100110%iiiiiiii — 3 —
(RO + GBR)

NOT Rm Rn ~Rm - Rn 0110nnnnmmm0111 —_ 1 —_

R Rm Rn Rn|Rm - Rn 0010nnnnmmMm011 — 1 —

R #i mm RO RO | imm - RO 1100101%iiiiiiii — 1 —

OR B #imm @RO, GBBR) (RO + GBR)|imm - 1100111%iiiiiiii — 3 —
(RO + GBR)

TAS. B @n If(Rn)is0,1 - T; 0100nnnn00011011 — 3 Test
1 - MSB of (Rn) result

TST Rm Rn* Rn & Rm; if the result 0010nnnnmmmm000 — 1 Test
is0,1 - T result

TST #i mm RO RO & imm; if the result 11001000i iiiiiii — 1 Test
is0,1 - T result

TST. B #i nm @ RO, GBR) (RO + GBR) & imm; 11001100iiiiiiii — 3 Test
iftheresultis0,1 - T result

XOR Rm Rn Rn~*Rm - Rn 0010nnnnmMmmmM1010 — 1 —

XOR  #imm RO RO~ imm - RO 11001010iiiiiiii — 1 —

XOR B #imm @R0, GBR) (RO + GBR) A imm - 11001110iiiiiiii — 3 —
(RO + GBR)

Note: * An on-chip DMAC bus cycle is not inserted between a TAS instruction operand read

cycle and write cycle. Also, bus release is not performed by BREQ.
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Table 2.9 lists the SH7709A shift instructions.

Table 2.9  Shift Instructions
Privileged

Instruction Operation Code Mode Cycles T Bit
ROTL Rn T « Rn -« MSB 0100nnnn00000100  — 1 MSB
ROTR Rn LSB - Rn -~ T 0100nnnn00000101 — LSB
ROTCL Rn T<Rn T 0100nnnn00100100 — 1 MSB
ROTCR Rn T-Rn-T 0100nnnn00100101 — 1 LSB
SHAD Rm Rn=>0: Rn<<Rm - Rn 0100nnnnmMm1100 — 1 —

Rn<0:Rn>>Rm -

[MSB - Rn]
SHAL Rn T<Rn<0 0100nnnn00100000 — 1 MSB
SHAR Rn MSB - Rn - T 0100nnnn00100001 — 1 LSB
SHLD Rm Rn=0: Rn<<Rm - Rn 0100nnnnmMmMMM1101 — 1 —

Rn<0:Rn>>Rm -

[0 - Rn]
SHLL Rn T<Rn<0O 0100nnnn00000000  — 1 MSB
SHLR Rn 0O-Rn-T 0100nnnn00000001 — 1 LSB
SHLL2 Rn Rn<<2 -~ Rn 0100nnnn00001000 — 1 —
SHLR2 Rn Rn>>2 - Rn 0100nnnn00001001 — 1 —
SHLL8 Rn Rn<<8 - Rn 0100nnnn00011000 — 1 —
SHLR8 Rn Rn>>8 - Rn 0100nnnn00011001 — 1 —
SHLL16 Rn Rn<<16 - Rn 0100nnnn00101000 — 1 —
SHLR16 Rn Rn>>16 - Rn 0100nnnn00101001 — 1 —
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Table 2.10 lists the SH7709A branch instructions.

Table 2.10 Branch Instructions

Privileged

Instruction Operation Code Mode Cycles T Bit

BF | abel If T=0,dispx2+PC - PC; 10001011dddddddd — 3/1* —
if T =1, nop (where label is
disp + PC)

BF/'S | abel Delayed branch, if T =0, 10001111dddddddd — 2/1* —
disp x2 + PC - PC;
if T=1, nop

BT | abel Delayed branch, if T =1, 10001001dddddddd — 3/1* —
disp x2 + PC - PC;
if T =0, nop

BT/S | abel If T=1,dispx2+PC - PC; 10001101dddddddd — 2/1* —
if T =0, nop

BRA | abel Delayed branch, 1010dddddddddddd — 2 —
disp x2 + PC - PC

BRAF Rm Delayed branch, 0000mMmmMMD0100011 — 2 —
Rm+PC - PC

BSR | abel Delayed branch, PC - PR, 1011dddddddddddd — 2 —
disp x2 + PC - PC

BSRF Rm Delayed branch, PC - PR, 0000mMmmMMD0000011 — 2 —
Rm+PC - PC

JWP @ m Delayed branch, Rm - PC 0100mMmmMmMD0101011 — 2 —

JSR @Rm Delayed branch, PC - PR, 0100mm®D0001011 — 2 —
Rm - PC

RTS Delayed branch, PR - PC 0000000000001011 — 2 —

Note: * One state when there is no branch.
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Table 2.11 lists the SH7709A system control instructions.

Table 2.11 System Control Instructions

Privileged
Instruction Operation Code Mode Cycles T Bit
CLRMAC 0 — MACH, MACL 0000000000101000 — —
CLRS 0-5S 0000000001001000 — 1 —
CLRT 0-T 0000000000001000 — 1 0
LDC  Rm SR Rm - SR 0100mMmmMMD0001110 v 5 LSB
LDC Rm GBR Rm - GBR 0100mmMmD0011110 — 1 —
LDC  RmVBR Rm - VBR 0100mMmmMMD0101110 v 1 —
LDC  Rm SSR Rm - SSR 0100mMmmMD0111110 v 1 —
LDC  Rm SPC Rm - SPC 0100mmMMD1001110 V 1 —
LDC RmRO_BANK Rm - RO_BANK 0100mMmmMmM0001110 v 1 —
LDC RmRI_BANK Rm - R1_BANK 0100mMmmMM10011110 v 1 —
LDC RmR2_BANK Rm - R2_BANK 0100mmMM 0101110 V 1 —
LDC RmR3_BANK Rm - R3_BANK 0100mMmmMmM0111110 V 1 —
LDC RmR4_BANK Rm - R4_BANK 0100mMmmMM11001110 v 1 —
LDC RmR5_BANK Rm - R5_BANK 0100mmMM 1011110 V 1 —
LDC RmR6_BANK Rm - R6_BANK 0100mMmmMmMl1101110 V 1 —
LDC RmR7_BANK Rm - R7_BANK 0100mmMM11111110 v 1 —
LDC. L @mt, SR (Rm) -~ SR,Rm+4 - Rm 0100mmMmMD0000111 v 7 LSB
LDC. L @m+, GBR (Rm) -~ GBR,Rm+4 -~ Rm  0100mmm00010111 — 1 —
LDC. L @, VBR (Rm) - VBR, Rm +4 _ Rm 0100mMmmMMD0100111 v 1 —
LDC. L @m+, SSR (Rm) ~ SSR,Rm+4 ~ Rm 0100mMmmMOD0110111 v 1 —
LDC. L @m+, SPC (Rm) - SPC,Rm+4 - Rm 0100mMmmMMOD1000111 v 1 —
LDC. L @R+, (Rm) — RO_BANK, 0100mMmmMm10000111 v 1 —
RO_BANK Rm+4 - Rm
LDC. L @Rmr, (Rm) — R1_BANK, 0100mMmmMM 0010111 v 1 —
R1_BANK Rm+4 - Rm
LDC. L @R, (Rm) — R2_BANK, 0100mmMM10100111 v 1 —
R2_BANK Rm+4 - Rm
LDC. L @Rmr, (Rm) -~ R3_BANK, 0100mMmmMM 0110111 v 1 —
R3_BANK Rm+4 - Rm
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Table 2.11 System Control Instructions (cont)

Privileged
Instruction Operation Code Mode Cycles T Bit
LDC. L @Rm+, (Rm) - R4_BANK, 0100mmMM11000111 v 1 —
R4_BANK Rm+4 - Rm
LDC. L @m+, (Rm) -~ R5_BANK, 0100mmm11010111 Vv 1 —
R5_BANK Rm+4 - Rm
LDC. L @Rm+, (Rm) - R6_BANK, 0100mmMM11100111 v 1 —
R6_BANK Rm+4 - Rm
LDC. L @m+, (Rm) -~ R7_BANK, 0100mmm1110111 Vv 1 —
R7_BANK Rm+4 - Rm
LDS Rm MACH Rm - MACH 0100mmmD0001010 — 1 —
LDS Rm MACL Rm - MACL 0100mMmmMm00011010 — 1 —
LDS Rm PR Rm - PR 0100mmMmD0101010 — 1 —
LDS. L @m+, MACH (Rm) - MACH,Rm+4 . Rm 0100mmmD0000110 — 1 —_
LDS. L @m+, MACL (Rm) -~ MACL,Rm+4 -~ Rm 0100mmm00010110 — 1 —
LDS. L @m+, PR (Rm) - PR,Rm+4 - Rm 0100mmMmD0100110 — 1 —
LDTLB PTEH/PTEL - TLB 0000000000111000 v 1 —
NOP No operation 0000000000001001 — 1 —
PREF @m (Rm) - cache 0000MmmMM.0000011 — 1 —
RTE Delayed branch, 0000000000101011 4 —
SSR/SPC - SR/PC
SETS 1-S 0000000001011000 — 1 —
SETT 1-T 0000000000011000 — 1 1
SLEEP Sleep 0000000000011011 4* —
STC SR, Rn SR - Rn 0000nNNN00000010 1 —
STC GBR, Rn GBR - Rn 0000nnnn00010010 — 1 —
STC  VBR Rn VBR - Rn 0000nnNN00100010 1 —
STC SSR, Rn SSR - Rn 0000nNNN00110010 vV 1 —
STC SPC, Rn SPC - Rn 0000nnnn01000010 v 1 —
STC RO_BANK, Rn RO _BANK- Rn 0000nnNnNN10000010 V 1 —
STC R1_BANK, Rn R1_BANK- Rn 0000nnnn10010010 v 1 —
STC R2_BANK, Rn R2_BANK- Rn 0000nnnn10100010 v 1 —
STC R3_BANK, Rn  R3 BANK- Rn 0000nnNnNn10110010 V 1 —

Note: * The number of cycles until the sleep state is entered.
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Table 2.11 System Control Instructions (cont)

Privileged
Instruction Operation Code Mode Cycles T Bit
STC R4_BANK, Rn R4_BANK- Rn 0000nNNN11000010 V —
STC R5_BANK, Rn  R5_BANK- Rn 0000nNNN11010010 V 1 —
STC R6_BANK, Rn  R6_BANK- Rn 0000nnNNN11100010 v 1 —
STC R7_BANK, Rn R7_BANK- Rn 0000nnNN11110010 V 1 —
STC.L SR @Rn Rn—-4 - Rn, SR - (Rn) 0100nnnNn00000011  V 1 —
STC. L GBR, @Rn Rn—4 - Rn, GBR - (Rn) 0100nnnn00010011 — 1 —
STC. L VBR, @Rn Rn-4 - Rn, VBR - (Rn) 0100nnnNn00100011 vV 1 —
STC. L SSR, @Rn Rn—-4 - Rn, SSR - (Rn) 0100nnnn00110011 vV 1 —
STC. L SPC, @Rn Rn—4 - Rn, SPC - (Rn) 0100nnnn01000011 v 1 —
STC. L RO_BANK, Rn—4 - Rn, RO_BANK - (Rn) 0100nnnn10000011 V 2 —
@Rn
STC. L R1_BANK, Rn—4 - Rn, R1_BANK - (Rn) 0100nnnn10010011 v 2 —
@Rn
STC. L R2_BANK, Rn—4 - Rn, R2_BANK - (Rn) 0100nnnn10100011 V 2 —
@Rn
STC. L R3_BANK, Rn-4 - Rn, R3_BANK - (Rn) 0100nnnn10110011 v 2 —
@Rn
STC. L R4_BANK, Rn—4 - Rn, R4_BANK - (Rn) 0100nnnn11000011 V 2 —
@Rn
STC. L R5_BANK, Rn-4 - Rn, R5_BANK - (Rn) 0100nnnn11010011 v 2 —
@Rn
STC. L R6_BANK, Rn-4 - Rn, R6_BANK - (Rn) 0100nnnn11100011 V 2 —
@Rn
STC. L R7_BANK, Rn-4 - Rn, R7_BANK - (Rn) 0100nnnn11110011 v 2 —
@Rn
STS MACH, Rn MACH - Rn 0000nnnn00001010 — 1 —
STS MACL, Rn MACL - Rn 0000nnnn00011010 — 1 —
STS PR, Rn PR - Rn 0000nnnn00101010 — 1 —
STS.L MACH, @-Rn Rn—-4 - Rn, MACH - (Rn) 0100nnnn00000010 — 1 —
STS. L MACL, @Rn Rn-4 - Rn, MACL - (Rn) 0100nnnn00010010 — 1 —
STS. L PR, @-Rn Rn—4 - Rn, PR - (Rn) 0100nnnn00100010 — 1 —
TRAPA #i mm PC - SPC, SR - SSR, 1100001%iiiiiiii — 6 —
imm - TRA
49

HITACHI



Notes: 1. The table shows the minimum number of execution cycles. The actual number of

50

instruction execution cycles will increase in cases such as the following:
« When there is contention between an instruction fetch and data access

« When the destination register in a load (memory-to-register) instruction is also used
by the next instruction

. With the addressing modes using displacement (disp) listed below, the assembler

descriptions in this manual show the value before scaling (x1, x2, or x4) is performed.
This is done to clarify the operation of the chip. For the actual assembler descriptions,
refer to the individual assembler notation rules.

@ (disp:4, Rn) ; Register-indirect with displacement
@ (disp:8, Rn) ; GBR-indirect with displacement

@ (disp:8, PC) ; PC-relative with displacement
disp:8, disp:12 ; PC-relative
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24.2

Instruction Code Map

Table 2.12 shows the instruction code map.

Table 2.12 Instruction Code Map
Instruction Code Fx: 0000 Fx: 0001 Fx: 0010 Fx: 0011 to 1111

MSB LSB MD: 00 MD: 01 MD: 10 MD: 11
0000, Rn | Fx | 0000
0000, Rn | Fx |0001
0000 Rn |00MD| 0010|STC SR,Rn STC GBR,Rn STC VBR,Rn STC SSR,Rn
0000 Rn |01MD| 0010|STC SPC,Rn
0000 Rn |10MD| 0010|STC RO_BANK,Rn |STC R1_BANK,Rn [STC R2_BANK,Rn [STC R3_BANK,Rn
0000 Rn |11MD| 0010|STC R4_BANK,Rn [STC R5_BANK,Rn [STC R6_BANK,Rn [STC R7_BANK,Rn
0000, Rm |00MD| 0011|BSRF ~ Rm BRAF  Rm
0000, Rn |10MD| 0011|PREF ~ @Rn
0000, Rn | Rm [0IMD|MOV.B  Rm,@(RO,Rn) [MOV.W Rm,@(RO,Rn) |MOV.L Rm,@(RO,Rn) |MUL.L Rm,Rn
0000, 0000|00MD]| 1000| CLRT SETT CLRMAC LDTLB
0000, 0000|01MD| 1000|CLRS SETS
0000/ 0000| Fx |1001|NOP DIVOU
0000/ 0000| Fx |1010
0000/ 0000| Fx |1011|RTS SLEEP RTE
0000, Rn | Fx |1000
0000, Rn | Fx |1001 MOVT Rn
0000, Rn | Fx |1010|STS MACH,Rn STS MACL,Rn STS PR,Rn
0000, Rn Fx | 1011
0000, Rn | Rm |1IMD|MOV.B  @(RO,Rm),Rn |[MOV.W @(RO,Rm),Rn |MOV.L @(RO,Rm),Rn |MAC.L @Rm+@Rn+
0001 Rn | Rm | disp |[MOV.L Rm,@(disp:4,Rn)
0010 Rn | Rm [0OMD|MOV.B  Rm,@Rn MOV.W Rm,@Rn MOV.L Rm,@Rn
0010, Rn | Rm |0IMD|MOV.B  Rm,@-Rn MOV.W Rm,@-Rn MOV.L Rm,@-Rn DIVOS  Rm,Rn
0010, Rn | Rm |10MD|TST Rm,RNn AND  Rm,Rn XOR  Rm,Rn OR Rm,Rn
0010, Rn | Rm |11MD|CMP/STR Rm,Rn XTRCT Rm,Rn MULU.W Rm,Rn MULSW Rm,Rn
0011] Rn | Rm |0OMD|CMP/EQ Rm,Rn CMP/HS Rm,Rn CMP/GE Rm,Rn
0011 Rn | Rm [0IMD|DIV1  Rm,Rn DMULU.LRm,Rn CMP/HI Rm,Rn CMP/GT Rm,Rn
0011 Rn | Rm |10MD|SUB Rm,Rn SUBC Rm,Rn SUBV  Rm,Rn
0011 Rn | Rm [11IMD/ADD  Rm,Rn DMULS.LRm,Rn ADDC  Rm,Rn ADDV  Rm,Rn
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Table 2.12

Instruction Code Map (cont)

Instruction Code

Fx: 0000 Fx: 0001 Fx: 0010 Fx: 0011 to 1111

MSB LSB MD: 00 MD: 01 MD: 10 MD: 11
0100, Rn Fx | 0000|SHLL Rn DT Rn SHAL Rn
0100, Rn Fx | 0001|SHLR Rn CMP/PZ Rn SHAR Rn
0100, Rn Fx |0010|STS.L MACH,@-Rn |STS.L MACL,@-Rn STS.L PR,@-Rn
0100, Rn |00OMD|0011|STC.L SR,@-Rn STC.L GBR,@-Rn STC.L VBR,@-Rn STC.L SSR,@-Rn
0100| Rn |01MD| 0011|STC.L  SPC,@-Rn
0100/ Rn |10MD| 0011 |STC.L RO_BANK,@-Rn |STC.L R1_BANK,@-Rn |STC.L R2_BANK,@-Rn |STC.L  R3_BANK,@-Rn
0100 Rn |11MD| 0011|STC.L R4_BANK,@-Rn |STC.L  R5_BANK,@-Rn |STC.L R6_BANK,@-Rn |[STC.L  R7_BANK,@-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 @Rm+MACH |LDS.L @Rm+MACL |LDS.L @Rm+,PR
0100, Rm |0OMD| 0111|LDC.L @Rm+,SR LDC.L @Rm+,GBR LDC.L @Rm+,VBR LDC.L @Rm+,SSR
0100, Rm |01MD| 0111|LDC.L  @Rm+,SPC
0100, Rm |10MD| 0111|LDC.L @Rm+,R0_BANK|LDC.L @Rn+RLBANK  |LDC.L @Rm+,R2_BANK | LDC.L @Rm+,R3_BANK
0100/ Rm |11MD| 0111 |LDC.L @Rm+,R4_BANK|LDC.L @Rm+,R5_BANK | LDC.L @Rm+,R6_BANK | LDC.L @Rm+,R7_BANK
0100, Rn Fx [ 1000|SHLL2 Rn SHLL8 Rn SHLL16 Rn
0100, Rn Fx [ 1001|SHLR2 Rn SHLR8 Rn SHLR16 Rn
0100 Rm | Fx | 1010|LDS Rm,MACH LDS Rm,MACL LDS Rm,PR
0100 Rm/| Fx |1011|JSR @Rm TAS.B @Rn JMP @Rm

Rn
0100 Rn | Rm | 1100 SHAD Rm,Rn
0100 Rn | Rm | 1101|SHLD Rm,Rn
0100 Rm |0OMD| 1110|LDC Rm,SR LDC Rm,GBR LDC Rm,VBR LDC Rm,SSR
0100 Rm |01MD| 1110(LDC Rm,SPC
0100 Rm |10MDj| 1110|LDC Rm,RO_BANK |LDC Rm,R1_BANK |LDC Rm,R2_BANK |LDC Rm,R3_BANK
0100/ Rm |11MD| 1110(LDC Rm,R4_BANK |LDC Rm,R5_BANK |LDC Rm,R6_BANK |LDC Rm,R7_BANK
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 Rm,Rn SWAP.W Rm,Rn NEGC Rm,Rn NEG 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
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Table 2.12 Instruction Code Map (cont)

Instruction Code

Fx: 0000 Fx: 0001 Fx: 0010 Fx: 0011 to 1111

MSB LSB MD: 00 MD: 01 MD: 10 MD: 11
1000,00MD| Rn | disp |MOV.B MOV.W

RO,@(disp:4,Rn) RO,@(disp:4,Rn)
1000,01MD| Rm | disp |MOV.B MOV.W

@(disp:4,Rm),R0 @(disp:4,Rm),R0O
1000{10MD| imm/disp |CMP/EQ #imm:8,R0 BT label:8 BF label:8
1000/11MD| imm/disp BT/S label:8 BF/S label:8

1001 Rn disp

MOV.W @(DISP:8,PC),RN

1010 disp BRA label:12
1011 disp BSR label:12
1100,00MD| imm/disp |MOV.B MOV.W MOV.L TRAPA  #imm:8

RO,@(disp:8,GBR)

RO,@(disp:8,GBR)

RO,@(disp:8,GBR)

1100/01MD, disp

MOV.B
@(disp:8,GBR),RO

MOV.W
@(disp:8,GBR),RO

MOV.L
@(disp:8,GBR),RO

MOVA
@(disp:8,PC),R0O

1100{10MD imm

TST #imm:8,R0

AND #imm:8,R0

XOR #imm:8,R0

OR #imm:8,R0

1100{11MD imm

TST.B
#imm:8,@(R0,GBR)

AND.B
#imm:8,@(R0,GBR)

XOR.B
#imm:8,@(R0,GBR)

OR.B
#imm:8,@(R0,GBR)

Rn disp MOV.L @(disp:8,PC),Rn
1101
1110, Rn imm MOV #imm:8,Rn
1111 kkkkkkkkkkkk
Note: See the SH-3/SH-3E/SH3-DSP Programming Manual for details.
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25 Processor States and Processor Modes

2.5.1 Processor States

The SH7709A has five processor states: the reset state, exception-handling state, bus-released
state, program execution state, and power-down state.

Reset Statein this state the CPU is reset. The CPU enters the power-on reset staRESHEP
pin is low, or the manual reset state if REESETM pin is low. See section 4, Exception Handling,
for more information on resets.

In the power-on reset state, the internal states of the CPU and the on-chip supporting module
registers are initialized. In the manual reset state, the internal states of the CPU and registers of
chip supporting modules other than the bus state controller (BSC) are initialized. Since the BSC i
not initialized in the manual reset state, refreshing operations continue. Refer to the register
configurations in the relevant sections for further details.

Exception-Handling State:This is a transient state during which the CPU’s processor state flow
is altered by a reset, general exception, or interrupt exception handling.

In the case of a reset, the CPU branches to address H'A0000000 and starts executing the user-
coded exception handling program.

In the case of a general exception or interrupt, the program counter (PC) contents are saved in tt
saved program counter (SPC) and the status register (SR) contents are saved in the saved statu
register (SSR). The CPU branches to the start address of the user-coded exception service routir
found from the sum of the contents of the vector base address and the vector offset. See section
Exception Processing, for more information on resets, general exceptions, and interrupts.

Program Execution State:In this state the CPU executes program instructions in sequence.

Power-Down State:In the power-down state, CPU operation halts and power consumption is
reduced. There are three modes in the power-down state: sleep mode, standby mode and hardw
standby mode. See section 8, Power-Down Modes, for more information.

Bus-Released Statdn this state the CPU has released the bus to a device that requested it.

Transitions between the states are shown in figure 2.8.
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Note: * The hardware standby mode is entered when the CA pin goes low from any state.

Figure 2.8 Processor State Transitions

25.2 Processor Modes

There are two processor modes: privileged mode and user mode. The processor mode is
determined by the processor mode bit (MD) in the status register (SR). User mode is selected
when the MD bit is 0, and privileged mode when the MD bit is 1. When the reset state or
exception state is entered, the MD bit is set to 1. When exception handling ends, the MD bit is
cleared to 0 and user mode is entered. There are certain registers and bits which can only be
accessed in privileged mode.
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Section 3 Memory Management Unit (MMU)

3.1 Overview

3.1.1 Features

The SH7709A has an on-chip memory management unit (MMU) that implements address
translation. The SH7709A features a resident translation look-aside buffer (TLB) that caches
information for user-created address translation tables located in external memory. It enables hi
speed translation of virtual addresses into physical addresses. Address translation uses the pag
system and supports two page sizes (1 Kbytes and 4 Kbytes). The access right to virtual addres
space can be set for privileged and user modes to provide memory protection.

3.1.2 Role of MMU

The MMU is a feature designed to make efficient use of physical memory. As shown in figure 3.
if a process is smaller in size than the physical memory, the entire process can be mapped ontc
physical memory. However, if the process increases in size to the extent that it no longer fits int
physical memory, it becomes necessary to partition the process and to map those parts requirin
execution onto memory as occasion demands ((1)). Having the process itself consider this
mapping onto physical memory would impose a large burden on the process. To lighten this
burden, the idea of virtual memory was born as a means of performing en bloc mapping onto
physical memory ((2)). In a virtual memory system, substantially more virtual memory than
physical memory is provided, and the process is mapped onto this virtual memory. Thus a proce
only has to consider operation in virtual memory. Mapping from virtual memory to physical
memory is handled by the MMU. The MMU is normally controlled by the operating system,
switching physical memory to allow the virtual memory required by a process to be mapped ontt
physical memory in a smooth fashion. Switching of physical memory is carried out via secondar
storage, etc.

The virtual memory system that came into being in this way is particularly effective in a time-
sharing system (TSS) in which a number of processes are running simultaneously ((3)). If
processes running in a TSS had to take mapping onto virtual memory into consideration while
running, it would not be possible to increase efficiency. Virtual memory is thus used to reduce tf
load on the individual processes and so improve efficiency ((4)). In the virtual memory system,
virtual memory is allocated to each process. The task of the MMU is to perform efficient mappin:
of these virtual memory areas onto physical memory. It also has a memory protection feature th
prevents one process from inadvertently accessing another process’s physical memory.

When address translation from virtual memory to physical memory is performed using the MMU
it may occur that the relevant translation information is not recorded in the MMU, with the result
that one process may inadvertently access the virtual memory allocated to another process. In t
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case, the MMU will generate an exception, change the physical memory mapping, and record the
new address translation information.

Although the functions of the MMU could also be implemented by software alone, the need for
translation to be performed by software each time a process accesses physical memory would
result in poor efficiency. For this reason, a buffer for address translation (translation look-aside
buffer: TLB) is provided in hardware to hold frequently used address translation information. The
TLB can be described as a cache for storing address translation information. Unlike cache
memory, however, if address translation fails, that is, if an exception is generated, switching of
address translation information is normally performed by software. This makes it possible for
memory management to be performed flexibly by software.

The MMU has two methods of mapping from virtual memory to physical memory: a paging
method using fixed-length address translation, and a segment method using variable-length
address translation. With the paging method, the unit of translation is a fixed-size address space
(usually of 1 to 64 Kbytes) called a page.

In the following text, the SH7709A address space in virtual memory is referred to as virtual
address space, and address space in physical memory as physical memory space.
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3.1.3 SH7709A MMU

Virtual Address Map: The SH7709A uses 32-bit virtual addresses to access a 4-Gbyte virtual
address space that is divided into several areas. Address space mapping is shown in figure 3.2.

(a) In privileged mode, there are five areas, PO—-P4. The PO and P3 areas are mapped onto phys

address space in page units, in accordance with address translation table information. Write-
back or write-through can be selected for write access by means of a CCR setting.

Mapping of the P1 area is fixed to physical address space (H'00000000 to H'1FFFFFFF). In tt
P1 area, setting a virtual address MSBs (bit 31) to 0 generates the corresponding physical
address. P1 area access can be cached, and the cache control register (CCR) is set to indica
whether to cache or not. Write access is processed as write-through. Write-back or write-
through can be selected.

Mapping of the P2 area is fixed to physical address space (H'00000000 to H'1FFFFFFF). In tt
P2 area, setting the top three virtual address bits (bits 31, 30, and 29) to 0 generates the
corresponding physical address. P2 area access cannot be cached.

The P1 and P2 areas are not mapped by the address translation table, so the TLB is not used
and no exceptions like TLB misses occur. Initialization of MMU-related registers, exception
processing, and the like are located in the P1 and P2 areas. Because the P1 area is cached,
handlers that require high-speed processing are placed there.

A part of the control register in the peripheral module is allocated in area 1 of the physical
address space. When the physical address space is not used for address translation, allocate
part of the control register in the P2 area. When the physical address space is used for addre
translation, set no caching.

The P4 area is used for mapping on-chip control register addresses.

Addresses H'EO000000 to H'EFFFFFFF and H'F4000000 to H'FBFFFFFF are reserved areas
Operation is not guaranteed if these areas are accessed.

Cache is allocated to addresses H'FO000000 to H'F1FFFFFF, and the TLB to addresses
H'F2000000 to H'F3FFFFFF.

Addresses H'FC000000 to H'FFFFFFFF are control register space. Operation is not
guaranteed if an address to which a control register is not allocated is accessed.

(b) In the user mode, 2 Ghytes of the virtual address space from H'00000000 to H'7FFFFFFF (art
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U0) can be accessed. U0 is mapped onto physical address space in page units. Write-back ot
write-through mode can be selected for write accesses by means of a CCR setting. 2 Ghytes
the virtual address space from H'80000000 to H'FFFFFFFF cannot be accessed in the user
mode. Attempting to do so creates an address error. Write-back or write-through can be
selected for write access by means of a CCR setting.
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Figure 3.2 Virtual Address Space Mapping
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Physical Address SpaceThe SH7709A supports a 32-bit physical address space, but the upper 3
bits are actually ignored and treated as a shadow. See section 10, Bus State Controller (BSC), f
details.

Single Address Translation:When the MMU is enabled, the virtual address space is divided into
units called pages. Physical addresses are translated in page units. Address translation tables in
external memory hold information such as the physical address that corresponds to the virtual
address and memory protection codes. When an access to areas P1 or P2 occurs, there is no TL
access and the physical address is defined uniquely by hardware. If it belongs to area PO, P3 or
UO0, the TLB is searched by virtual address and, if that virtual address is registered in the TLB, the
access hits the TLB. The corresponding physical address and the page control information are re
from the TLB and the physical address is determined.

If the virtual address is not registered in the TLB, a TLB miss exception occurs and processing
will shift to the TLB miss handler. In the TLB miss handler, the TLB address translation table in
external memory is searched and the corresponding physical address and the page control
information are registered in the TLB. After returning from the handler, the instruction that causec
the TLB miss is re-executed. When the MMU is enabled, address translation information that
results in a physical address space of H'80000000—H'FFFFFFFF should not be registered in the
TLB.

When the MMU is disabled, the virtual address is used directly as the physical address. As the
SH7709A supports a 29-bit address space as the physical address space, the top 3 bits of the
physical address are ignored, and constitute a shadow space (see section 10, Bus State Controll
(BSC)). For example, addresses H'00001000 in the PO area, H'80001000 in the P1 area,
H'A0001000 in the P2 area, and H'C0001000 in the P3 area are all mapped onto the same physi
address. When access to these addresses is performed with the cache enabled, an address with
top 3 bits of the physical address masked to 0O is stored in the cache address array to ensure dat:
congruity.

Single Virtual Memory Mode and Multiple Virtual Memory Mode: There are two virtual

memory modes: single virtual memory mode and multiple virtual memory mode. In single virtual
memory mode, multiple processes run in parallel using the virtual address space exclusively and
the physical address corresponding to a given virtual address is specified uniquely. In multiple
virtual memory mode, multiple processes run in parallel sharing the virtual address space, so a
given virtual address may be translated into different physical addresses depending on the proce
By the value set to the MMU control register (MMUCR), either single or multiple virtual mode is
selected.

In terms of operation, the only difference between single virtual memory mode and multiple
virtual memory mode is in the TLB address comparison method (see section 3.3.3, TLB Address
Comparison).
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Address Space Identifier (ASID):In multiple virtual memory mode, the address space identifier
(ASID) is used to differentiate between processes running in parallel and sharing virtual addres:s
space. The ASID is 8 bits in length and can be set by software setting of the ASID of the current
running process in PTEH within the MMU. When the process is switched using the ASID, the
TLB does not have to be purged.

In single virtual memory mode, the ASID is used to provide memory protection for processes
running simulataneously and using the virtual address space exclusively (see section 3.4.2, MM
Software Management).

3.1.4 Register Configuration

A register that has an undefined initial value must be initialized by software. Table 3.1 shows the
configuration of the MMU control registers.

Table 3.1  Register Configuration

Name Abbreviation R/W Size Initial Value *' Address
Page table entry register PTEH R/W Longword Undefined H'FFFFFFFO
high

Page table entry register low PTEL R/W Longword Undefined H'FFFFFFF4
Translation table base TTB R/W Longword Undefined H'FFFFFFF8
register

TLB exception address TEA R/W Longword Undefined H'FFFFFFFC
register

MMU control register MMUCR R/W Longword *° H'FFFFFFEO

Notes: *1 Initialized by a power-on reset or manual reset.
*2 SV bit: undefined
Other bits: 0
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3.2 Register Description

There are five registers for MMU processing. These are all peripheral module registers, so they &
located in address space area P4 and can only be accessed from privileged mode by specifying
address. These registers consist of:

1.

64

The page table entry register high (PTEH) register residing at address H'FFFFFFFO, which
consists of a virtual page number (VPN) and ASID. The VPN set is the VPN of the virtual
address at which the exception is generated in case of an MMU exception or address error
exception. When the page size is 4 kbytes, the VPN is the upper 20 bits of the virtual address
but in this case the upper 22 bits of the virtual address are set. The VPN can also be modified
by software. As the ASID, software sets the number of the currently executing process. The
VPN and ASID are recorded in the TLB by the LDTLB instruction.

The page table entry register low (PTEL) register residing at address H'FFFFFFF4, and used
store the physical page number and page management information to be recorded in the TLB
by the LDTLB instruction. The contents of this register are only modified in response to a
software command.

The translation table base register (TTB) residing at address H'FFFFFFF8, which points to the
base address of the current page table. The hardware does not set any value in TTB
automatically. TTB is available to software for general purposes.

The TLB exception address register (TEA) residing at address H'FFFFFFFC, which stores the
virtual address corresponding to a TLB or address error exception. This value remains valid
until the next exception or interrupt.

The MMU control register (MMUCR) residing at address H'FFFFFFEOQ, which makes the
MMU settings described in figure 3.3. Any program that modifies MMUCR should reside in
the P1 or P2 area.
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The MMU registers are shown in figure 3.3.

31 10 7 0
| VPN |0 | ASID |
PTEH
31 109876 4 3210
| PPN |dvhﬂkazkﬂDka|
PTEL
31 0
| TTB |
TTB
31 0

Virtual address causing TLB-related
or address error exception

TEA
31 8 765432 1 0

0 |SV|OO |RC|O|TF|IX|AT|

MMUCR

0: Reserved bits. Always read as 0. Writing is ignored. However, 0 should also be
specified in a write to MMUCR only.

SV: Single virtual memory mode bit. Set to 1 for the single virtual memory mode,
cleared to 0 for the multiple virtual memory mode.

RC: A 2-bit random counter, automatically updated by hardware according to the
following rules in the event of an MMU exception. When a TLB miss exception
occurs, all TLB entry ways corresponding to the virtual address at which the
exception occurred are checked, and if all ways are valid, 1 is added to RC; if
there is one or more invalid way, they are set by priority from way 0, in the order:
way 0, way 1, way 2, way 3. In the event of an MMU exception other than a TLB
miss exception, the way which caused the exception is set in RC.

TF: TLB flush bit. Write 1 to flush the TLB (clear all valid bits of the TLB to 0). Always
reads 0.

IX: Index mode bit. When 0, VPN bits 16—-12 are used as the TLB index number.
When 1, the value obtained by EX-ORing ASID bits 4-0 in PTEH and VPN bits
16-12 are used as the TLB index number.

AT: Address translation bit. Enables/disables the MMU.

0: MMU disabled
1: MMU enabled

Figure 3.3 MMU Register Contents
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3.3

331

The TLB caches address translation table information located in the external memory. The addre
translation table stores the physical page number translated from the virtual page number and th
control information for the page, which is the unit of address translation. Figure 3.4 shows the

overall TLB configuration. The TLB is 4-way set associative with 128 entries. There are 32 entrie:

TLB Functions

Configuration of the TLB

for each way. Figure 3.5 shows the configuration of virtual addresses and TLB entries.

Way 0-3 Way 0-3
[ I I I [ I I
[ I I I [ I I I
[ I I I | [ I I I I
Entry 0 | VPN(31-17) [VPN(11-10)| ASID(7-0) | V | Entry 0 |PPN(31-10) |PR(1-0)[SZ SH
Entry 1 H Entry 1
Entry 31 _-_ Entry 31
Address array Data array
Figure 3.4 Overall Configuration of the TLB
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31 10 9 0
| VPN | Offset |

Virtual address (1-kbyte page)

31 12 11 0
| VPN | Offset |

Virtual address (4-kbyte page)

(15) (2) (® 1) @)@ (22) (2) (1) (1)
[VPN (31-17)| VPN (11-10)| ASID [sH|sz| V| | PPN [PrR[c|D]
TLB entry
Legend:

VPN: Virtual page number. Top 22 bits of virtual address for a 1-kbyte page, or top 20 bits of
virtual address for a 4-kbyte page. Since VPN bits 16-12 are used as the index number, they
are not stored in the TLB entry.

ASID: Address space identifier. Indicates the process that can access a virtual page. In single
virtual memory mode and user mode, or in multiple virtual memory mode, if the SH bit is 0,
the address is compared with the ASID in PTEH when address comparison is performed.

SH: Share status bit
0 = Page not shared between processes
1 = Page shared between processes

SZ: Page-size bit
0 = 1-kbyte page
1 = 4-kbyte page

V: Valid bit. Indicates whether entry is valid.

0 = Invalid
1 = Valid
Cleared to 0 by a power-on reset. Not affected by a manual reset.

PPN: Physical page number. Top 22 bits of physical address. PPN bits 11-10 are not used in case
of a 4-kbyte page. Attention must be paid to the synonym problem in case of a 1-kbyte page
(see section 3.4.4).

PR: Set the most significant bit to 0.

Protection key field. 2-bit field encoded to define the access rights to the page.
00: Reading only is possible in privileged mode.
01: Reading/writing is possible in privileged mode.
10: Reading only is possible in privileged/user mode.
11: Reading/writing is possible in privileged/user mode.

C: Cacheable bit. Indicates whether the page is cacheable.
0: Non-cacheable
1: Cacheable

D: Dirty bit. Indicates whether the page has been written to.
0 = Not written to
1 = Written to

Figure 3.5 Virtual Address and TLB Structure
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3.3.2 TLB Indexing

The TLB uses a 4-way set associative scheme, so entries must be selected by index. VPN bits 1
to 12 are used as the index number regardless of the page size. The index number can be gener
in two different ways depending on the setting of the 1X bit in MMUCR.

1. When IX =0, VPN bits 16—-12 alone are used as the index number

2. When IX = 1, VPN bits 16-12 are EX-ORed with ASID bits 4-0 to generate a 5-bit index
number

The second method is used to prevent lowered TLB efficiency that results when multiple
processes run simultaneously in the same virtual address space (multiple virtual memory) and a
specific entry is selected by indexing of each process. Figures 3.6 and 3.7 show the indexing
schemes.

Virtual address PTEH register
31 1716 1211 0 31 10 7 0
‘ ’ VPN ‘ 0 ‘ ASID ‘
ASID(4-0
Exclusive-OR )« (4-0)
Index
Way 0-3

I I I 11[
[ I I I‘I T T T 1
[ | | I

0| VPN(31-17) |VPN(11-10)| ASID(7-0) | V |{| PPN(31-10) |PR(1-0)|SZ| C | D | SH

31

Address array Data array

Figure 3.6 TLB Indexing (IX = 1)
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Virtual address
31 1716 1211 0

Index

Way 0-3

0| VPN(31-17) |VPN(11-10)| ASID(7-0) | V L] PPN(31-10) |PR(1-0)[SZ| C | D |SH

31

Address array Data array

Figure 3.7 TLB Indexing (IX = 0)

3.3.3 TLB Address Comparison

The results of address comparison determine whether a specific virtual page number is register
in the TLB. The virtual page number of the virtual address that accesses external memory is
compared to the virtual page number of the indexed TLB entry. The ASID within the PTEH is
compared to the ASID of the indexed TLB entry. All four ways are searched simultaneously. If tt
compared values match, and the indexed TLB entry is valid (v Bit the hit is registered.

It is necessary to have software ensure that TLB hits do not occur simultaneously in more than
way, as hardware operation is not guaranteed if this occurs. For example, if there are two identi
TLB entries with the same VPN and a setting is made such that a TLB hit is made only by a
process with ASID = H'FF when one is in the shared state (SH = 1) and the other in the non-she
state (SH = 0), then if the ASID in PTEH is set to H'FF, there is a possibility of simultaneous TLE
hits in both these ways. It is therefore necessary to ensure that this kind of setting is not made b
software.

The object compared varies depending on the page management information (SZ, SH) in the Tl
entry. It also varies depending on whether the system supports multiple virtual memory or single
virtual memory.

The page-size information determines whether VPN (11-10) is compared. VPN (11-10) is
compared for 1-kbyte pages (SZ = 0) but not for 4-kbyte pages (SZ = 1).
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The sharing information (SH) determines whether the PTEH.ASID and the ASID in the TLB entry
are compared. ASIDs are compared when there is no sharing between process@s{&tHhot
when there is sharing (SH1).

When single virtual memory is supported (MMUCR.S\) and privileged mode is engaged
(SR.MD = 1), all process resources can be accessed. This means that ASIDs are not compared
when single virtual memory is supported and privileged mode is engaged. The objects of addres:
comparison are shown in figure 3.8.

SH=1or
(SR.MD =1 and No
MMUCR.SV = 1)?

No (4 kbytes) No (4 kbytes)

Yes (1 kbyte) Yes (1 kbyte)

A4

A4

Bits compared:
VPN (31-17)
VPN (11-10)

Bits compared:
VPN (31-17)

Bits compared:
VPN (31-17)
VPN (11-10)
ASID (7-0)

Bits compared:
VPN (31-17)
ASID (7-0)

Figure 3.8 Objects of Address Comparison
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3.34 Page Management Information

In addition to the SH and SZ bits, the page management information of TLB entries also include
D, C, and PR bits.

The D bit of a TLB entry indicates whether the page is dirty (i.e., has been written to). If the D bi
is 0, an attempt to write to the page results in an initial page write exception. For physical page
swapping between secondary memory and main memory, for example, pages are controlled so
a dirty page is paged out of main memory only after that page is written back to secondary
memory. To record that there has been a write to a given page in the address translation table i
memory, an initial page write exception is used.

The C bit in the entry indicates whether the referenced page resides in a cacheable or non-
cacheable area of memory. When the control register in area 1 is mapped, set the C bitto 0. Th
PR field specifies the access rights for the page in privileged and user modes and is used to prc
memory. Attempts at nonpermitted accesses result in TLB protection violation exceptions.

Access states designated by the D, C, and PR bits are shown in table 3.2.

Table 3.2  Access States Designated by D, C, and PR Bits
Privileged Mode User Mode
Reading Writing Reading Writing
D bit 0 Permitted Initial page write Permitted Initial page write
exception exception
Permitted Permitted Permitted Permitted
C bit 0 Permitted Permitted Permitted Permitted
(no caching) (no caching) (no caching) (no caching)
1 Permitted Permitted Permitted Permitted
(with caching) (with caching) (with caching) (with caching)
PRbit 00 Permitted TLB protection TLB protection TLB protection
violation exception violation violation exception
exception
01 Permitted Permitted TLB protection TLB protection
violation violation exception
exception
10  Permitted TLB protection Permitted TLB protection
violation exception violation exception
11  Permitted Permitted Permitted Permitted

HITACHI
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34 MMU Functions

341 MMU Hardware Management

There are two kinds of MMU hardware management as follows:

1.

The MMU decodes the virtual address accessed by a process and performs address translati
by controlling the TLB in accordance with the MMUCR settings.

In address translation, the MMU receives page management information from the TLB, and
determines the MMU exception and whether the cache is to be accessed (using the C bit). Fo
details of the determination method and the hardware processing, see section 3.5, MMU
Exceptions.

3.4.2 MMU Software Management

There are three kinds of MMU software management, as follows.

1.

MMU register setting. MMUCR setting, in particular, should be performed in areas P1 and P2
for which address translation is not performed. Also, since SV and IX bit changes constitute
address translation system changes, in this case, TLB flushing should be performed by
simultaneously writing 1 to the TF bit also. Since MMU exceptions are not generated in the
MMU disabled state with the AT bit cleared to 0, use in the disabled state must be avoided
with software that does not use the MMU.

TLB entry recording, deletion, and reading. TLB entry recording can be done in two ways by
using the LDTLB instruction, or by writing directly to the memory-mapped TLB. For TLB
entry deletion and reading, the memory allocation TLB can be accessed. See section 3.4.3,
MMU Instruction (LDTLB), for details of the LDTLB instruction, and section 3.6, Memory-
Mapped TLB Configuration, for details of the memory-mapped TLB.

MMU exception processing. When an MMU exception is generated, it is handled on the basis
of information set from the hardware side. See section 3.5, MMU Exceptions, for details.

When single virtual memory mode is used, it is possible to create a state in which physical
memory access is enabled in the privileged mode only by clearing the share status bit (SH) to 0 t
specify recording of all TLB entries. This strengthens inter-process memory protection, and
enables special access levels to be created in the privileged mode only.

Recording a 1-kbyte page TLB entry may result in a synonym problem. See section 3.4.4,
Avoiding Synonym Problems.
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3.4.3 MMU Instruction (LDTLB)

The load TLB instruction (LDTLB) is used to record TLB entries. When the 1X bit in MMUCR is
0, the LDTLB instruction changes the TLB entry in the way specified by the RC bit in MMUCR
to the value specified by PTEH and PTEL, using VPN bits 16—12 specified in PTEH as the inde»
number. When the IX bitin MMUCR is 1, the EX-OR of VPN bits 16—12 specified in PTEH and
ASID bits 4-0 in PTEH are used as the index number.

Figure 3.9 shows the case where the IX bitin MMUCR is 0.

When an MMU exception occurs, the virtual page number of the virtual address that caused the
exception is set in PTEH by hardware. The way is set in the RC bit of MMUCR for each exceptic
according to the rules shown in figure 3.9. Consequently, if the LDTLB instruction is issued after
setting only PTEL in the MMU exception processing routine, TLB entry recording is possible.
Any TLB entry can be updated by software rewriting of PTEH and the RC bits in MMUCR.

As the LDTLB instruction changes address translation information, there is a risk of destroying
address translation information if this instruction is issued in the PO, UO, or P3 area. Make sure,
therefore, that this instruction is issued in the P1 or P2 area. Also, an instruction associated with
access to the PO, UO, or P3 area (such as the RTE instruction) should be issued at least two
instructions after the LDTLB instruction.
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MMUCR

31 9 0
0 ‘SV‘O‘O‘RC‘O‘TF‘IX‘AT|
Index T Way selection
PTEH register —L— PTEL register
31 17 12 10 8 0 31 10 0
VPN ‘ ‘VPN ‘ 0 ‘ ASID | ’ PPN ‘O‘V‘O‘PR‘SZ‘C‘D‘SH‘O|
Write Write
v v v
Way Oto 3
1[ III III Illhl[[ III I1111111111I
0| VPN(31-17) VPN(11-10) | ASID(7-0) |V PPN(31-10) PR(1-0)|SZ|C |D |SH
—>
31

Address array Data array
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Figure 3.9 Operation of LDTLB Instruction
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3.4.4 Avoiding Synonym Problems

When a 1-kbyte page is recorded in a TLB entry, a synonym problem may arise. If a number of
virtual addresses are mapped onto a single physical address, the same physical address data w
recorded in a number of cache entries, and it will not be possible to guarantee data congruity. T
reason why this problem only occurs when using a 1-kbyte page is explained below with referer
to figure 3.10.

To achieve high-speed operation of the SH7709A cache, an index number is created using virtu
address bits 10-4. When a 4-kbyte page is used, virtual address bits 10—4 are included in the
offset, and since they are not subject to address translation, they are the same as physical addr
bits 10—4. In cache-based address comparison and recording in the address array, since the ca
tag address is a physical address, physical address bits 31-10 are recorded.

When a 1-kbyte page is used, also, a cache index number is created using virtual address bits 1
However, in case of a 1-kbyte page, virtual address bit 10 is subject to address translation and
therefore may not be the same as physical address bit 10. Consequently, the physical address i
recorded in a different entry from that of the index number indicated by the physical address in t
cache address array.

For example, assume that, with 1-kbyte page TLB entries, TLB entries for which the following
translation has been performed are recorded in two TLBs:

Virtual address 1 H'00000000- physical address H'00000400
Virtual address 2 H'00000400- physical address H'00000400

Virtual address 1 is recorded in cache entry H'00, and virtual address 2 in cache entry H'40. Sin
two virtual addresses are recorded in different cache entries despite the fact that the physical
addresses are the same, memory inconsistency will occur as soon as a write is performed to eit
virtual address. Therefore, when recording a 1-kbyte TLB entry, if the physical address is the sa
as a physical address already used in another TLB entry, it should be recorded in such a way th
physical address bit 10 is the same.

75
HITACHI



When using a 4-kbyte page

Virtual address

31 121110 0
VPN N offset |

—

Virtual address (11-4)

>

Physical address
31 121110 0

PPN R Offset |

Physical address (31-10) >

Cache address
array

When using a 1-kbyte page
Virtual address
31 11109 0

VPN N Offset |

. Virtual address (11-4) q
Physical address

31 11109 0

PPN N Offset |

Physical address (31-10) >

Cache address
array
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3.5 MMU Exceptions

There are four MMU exceptions: TLB miss, TLB protection violation, TLB invalid, and initial
page write.

3.5.1 TLB Miss Exception

A TLB miss results when the virtual address and the address array of the selected TLB entry are
compared and no match is found. TLB miss exception processing includes both hardware and
software operations.

Hardware Operations: In a TLB miss, the SH7709A hardware executes a set of prescribed
operations, as follows:

1. The VPN field of the virtual address causing the exception is written to the PTEH register.

2. The virtual address causing the exception is written to the TEA register.

3. Either exception code H'040 for a load access, or H'060 for a store access, is written to the
EXPEVT register.

4. The PC value indicating the address of the instruction in which the exception occurred is
written to the save program counter (SPC). If the exception occurred in a delay slot, the PC
value indicating the address of the related delayed branch instruction is written to the SPC.

5. The contents of the status register (SR) at the time of the exception are written to the save

status register (SSR).

The mode (MD) bit in SR is set to 1 to place the SH7709A in the privileged mode.

The block (BL) bit in SR is set to 1 to mask any further exception requests.

The register bank (RB) bit in SR is set to 1.

The RC field in the MMU control register (MMUCR) is incremented by 1 when all entries

indexed are valid. When some entries indexed are invalid, the smallest way number of them

setin RC.

10. Execution branches to the address obtained by adding the value of the VBR contents and
H'00000400 to invoke the user-written TLB miss exception handler.

© 0 N o

Software (TLB Miss Handler) Operations: The software searches the page tables in external
memory and allocates the required page table entry. Upon retrieving the required page table en
software must execute the following operations:

1. Write the value of the physical page number (PPN) field and the protection key (PR), page s
(S2), cacheable (C), dirty (D), share status (SH), and valid (V) bits of the page table entry
recorded in the address translation table in the external memory into the PTEL register in the
SH7709A.
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2. If using software for way selection for entry replacement, write the desired value to the RC
field in MMUCR.

3. Issue the LDTLB instruction to load the contents of PTEH and PTEL into the TLB.

4. Issue the return from exception handler (RTE) instruction to terminate the handler routine and
return to the instruction stream.

3.5.2 TLB Protection Violation Exception

A TLB protection violation exception results when the virtual address and the address array of the
selected TLB entry are compared and a valid entry is found to match, but the type of access is nc
permitted by the access rights specified in the PR field. TLB protection violation exception
processing includes both hardware and software operations.

Hardware Operations: In a TLB protection violation exception, the SH7709A hardware executes
a set of prescribed operations, as follows:

1. The VPN field of the virtual address causing the exception is written to the PTEH register.
2. The virtual address causing the exception is written to the TEA register.

3. Either exception code H'0AO for a load access, or H'OCO for a store access, is written to the
EXPEVT register.

4. The PC value indicating the address of the instruction in which the exception occurred is
written into SPC (if the exception occurred in a delay slot, the PC value indicating the address
of the related delayed branch instruction is written into SPC).

The contents of SR at the time of the exception are written to SSR.

The MD bit in SR is set to 1 to place the SH7709A in the privileged mode.
The BL bit in SR is set to 1 to mask any further exception requests.

The register bank (RB) bit in SR is set to 1.

The way that generated the exception is set in the RC field in MMUCR.

10. Execution branches to the address obtained by adding the value of the VBR contents and
H'00000100 to invoke the TLB protection violation exception handler.

© 0N o O;

Software (TLB Protection Violation Handler) Operations: Software resolves the TLB
protection violation and issues the RTE (return from exception handler) instruction to terminate
the handler and return to the instruction stream.
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3.5.3 TLB Invalid Exception

A TLB invalid exception results when the virtual address is compared to a selected TLB entry
address array and a match is found but the entry is not valid (the V bit is 0). TLB invalid exceptic
processing includes both hardware and software operations.

Hardware Operations: In a TLB invalid exception, the SH7709A hardware executes a set of
prescribed operations, as follows:

P wwbdPE

o

© o N o

The VPN number of the virtual address causing the exception is written to the PTEH register
The virtual address causing the exception is written to the TEA register.
The way number causing the exception is written to RC in MMUCR.

Either exception code H'040 for a load access, or H'060 for a store access, is written to the
EXPEVT register.

The PC value indicating the address of the instruction in which the exception occurred is
written to the SPC. If the exception occurred in a delay slot, the PC value indicating the
address of the delayed branch instruction is written to the SPC.

The contents of SR at the time of the exception are written into SSR.

The mode (MD) bit in SR is set to 1 to place the SH7709A in the privileged mode.
The block (BL) bit in SR is set to 1 to mask any further exception requests.

The register bank (RB) bit in SR is set to 1.

10. Execution branches to the address obtained by adding the value of the VBR contents and

H'00000100, and the TLB protection violation exception handler starts.

Software (TLB Invalid Exception Handler) Operations: The software searches the page tables
in external memory and assigns the required page table entry. Upon retrieving the required pag
table entry, software must execute the following operations:

1.

Write the values of the physical page number (PPN) field and the values of the protection ke
(PR), page size (SZ), cacheable (C), dirty (D), share status (SH), and valid (V) bits of the pac
table entry recorded in the external memory to the PTEL register.

If using software for way selection for entry replacement, write the desired value to the RC
field in MMUCR.

Issue the LDTLB instruction to load the contents of PTEH and PTEL into the TLB.

Issue the RTE instruction to terminate the handler and return to the instruction stream. The
RTE instruction should be issued after two LDTLB instructions.
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354 Initial Page Write Exception

An initial page write exception results in a write access when the virtual address and the address
array of the selected TLB entry are compared and a valid entry with the appropriate access rights
is found to match, but the D (dirty) bit of the entry is O (the page has not been written to). Initial
page write exception processing includes both hardware and software operations.

Hardware Operations: In an initial page write exception, the SH7709A hardware executes a set
of prescribed operations, as follows:

P owbdpRE

© o N o,

The VPN field of the virtual address causing the exception is written to the PTEH register.
The virtual address causing the exception is written to the TEA register.
Exception code H'080 is written to the EXPEVT register.

The PC value indicating the address of the instruction in which the exception occurred is
written to the SPC. If the exception occurred in a delay slot, the PC value indicating the
address of the related delayed branch instruction is written to the SPC.

The contents of SR at the time of the exception are written to SSR.

The MD bit in SR is set to 1 to place the SH7709A in the privileged mode.
The BL bit in SR is set to 1 to mask any further exception requests.

The register bank (RB) bit in SR is set to 1.

The way that caused the exception is set in the RC field in MMUCR.

10. Execution branches to the address obtained by adding the value of the VBR contents and

H'00000100 to invoke the user-written initial page write exception handler.

Software (Initial Page Write Handler) Operations: The software must execute the following
operations:

1.
2.
3.

Retrieve the required page table entry from external memory.
Set the D bit of the page table entry in the external memory to 1.

Write the value of the PPN field and the PR, Sz, C, D, SH, and V bits of the page table entry i
the external memory to the PTEL register.

If using software for way selection for entry replacement, write the desired value to the RC
field in MMUCR.

Issue the LDTLB instruction to load the contents of PTEH and PTEL into the TLB.

Issue the RTE instruction to terminate the handler and return to the instruction stream. The
RTE instruction should be issued after two LDTLB instructions.

Figure 3.11 shows the flowchart for MMU exceptions.
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Figure 3.11 MMU Exception Generation Flowchart
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3.55 Processing Flow in Event of MMU Exception (Same Processing Flow for Address
Error)

Figure 3.12 shows the MMU exception signals in the instruction fetch mode.

B [

| IF | ID EX MA | WB
Dl ex | v | we Handler transition
processing
1D EX MA | WB
NOP

NOP
MMU exception handler —» | IF | ID | EX MA| WB|

I:I : Exception source stage

IF = Instruction fetch
ID = Instruction decode
EX = Instruction execution
MA = Memory access
WB = Write back
NOP = No operation

Figure 3.12 MMU Exception Signals in Instruction Fetch
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Figure 3.13 shows the MMU exception signals in the data access mode.

[ ]
]

IF
ID
EX
MA
WB
NOP

Handler transition
processing

IF| ID| EX
F| ID
IF
WB
MA WB]
NOP

|

NOP

MMU exception handler

— | IF [ D |EX |mA| wB|

: Exception source stage

: Stage cancellation for instruction
that has begun execution

= Instruction fetch

= Instruction decode

= Instruction execution
= Memory access

= Write back

= No operation

Figure 3.13 MMU Exception Signals in Data Access
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3.6 Memory-Mapped TLB

In order for TLB operations to be managed by software, TLB contents can be read or written to ir
the privileged mode using the MOV instruction. The TLB is assigned to the P4 area in the virtual
address space. The TLB address array (VPN, V bit, and ASID) is assigned to H'F2000000—
H'F2FFFFFF, and the data array (PPN, PR, SZ, C, D, and SH bits) to H'F3000000-H'F3FFFFFF
The V bit in the address array can also be accessed from the data array. Only longword access i
possible for both the address array and the data array.

3.6.1 Address Array

The address array is assigned to H'F2000000 to H'F2FFFFFF. To access an address array, the
32-bit address field (for read/write operations) and 32-bit data field (for write operations) must be
specified. The address field specifies information for selecting the entry to be accessed; the data
field specifies the VPN, V bit and ASID to be written to the address array (figure 3.14 (1)).

In the address field, specify the entry address for selecting the entry (bits 16—12), W for selecting
the way (bits 9-8: 00 is way 0, 01 is way 1, 10 is way 2, 11 is way 3) and H'F2 to indicate addres:
array access (bits 31-24). The IX bit in MMUCR indicates whether an EX-OR is taken of the
entry address and ASID.

When writing, the write is performed to the entry selected with the index address and way.

When reading, the VPN, V bit, and ASID of the entry selected with the index address and way in
the format of the data field in figure 3.12 without comparing addresses. 0 is written to data field
bits 16-12.

To invalidate a specific entry, specify the entry and way, and write 0 to the corresponding V bit.

3.6.2 Data Array

The data array is assigned to H'F3000000 to H'F3FFFFFF. To access a data array, the 32-bit
address field (for read/write operations), and 32-bit data field (for write operations) must be
specified. These are specified in the general register. The address section specifies information f
selecting the entry to be accessed; the data section specifies the longword data to be written to i
data array (figure 3.14 (2)).

In the address section, specify the entry address for selecting the entry (bits 16—12), W for
selecting the way (bits 9-8: 00 is way 0, 01 is way 1, 10 is way 2, 11 is way 3), and H'F3 to
indicate data array access (bits 31-24). The IX bit in MMUCR indicates whether an EX-OR is
taken of the entry address and ASID.

Both reading and writing use the longword of the data array specified by the entry address and
way number. The access size of the data array is fixed at longword.
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(1) TLB Address Array Access

Read access

31 24 23 17 16 121110987 6 0

Address field | 11110010 B R * | VPN |* |*| W | 0 |* ........... * |

31 1716 12111098 7 0

Data field | VPN [0 o|ven[olv]  AsiD |

Write access

31 24 23 1716 121110987 6 0

Address field | 11110010 e e * | VPN |-k |*| w | 0 |* ........... * |

31 1716 12111098 7 0

Data field | VPN be - [vene|v]  AsiD |
VPN: Virtual page number ASID: Address space identifier

V: Valid bit *: Don't care bit

W: Way (00: Way 0, 01: Way 1, 10: Way 2, 11: Way 3)

(2) TLB Data Array Access

Read/write access

31 24 23 1716 12111098 7 0

Address field | 11110011 e * | VPN |* |*| W |* .............. *l
31 2928 109 87654 32 1 0

Data field | 000 | PPN [x|v|x|PR[sz|c|D[sH|X]|

PPN: Physical page number V: Valid bit
PR: Protection key field SZ: Page-size bit
C: Cacheable bit D: Dirty bit
SH: Share status bit *: Don't care bit
VPN: Virtual page number
X: 0 forread, don't care bit for write
W: Way (00: Way 0, 01: Way 1, 10: Way 2, 11: Way 3)

Figure 3.14 Specifying Address and Data for Memory-Mapped TLB Access
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3.6.3 Usage Examples

Invalidating Specific Entries: Specific TLB entries can be invalidated by writing O to the entry’s

V bit. When the A bitis 1, the VPN and ASID specified by the write data is compared to the VPN
and ASID within the TLB entry selected by the entry address and data is written to the matching
way. If no match is found, there is no operation. RO specifies the write data and R1 specifies the
address.

; RO=H 1547 381C Rl=H F201 3000

; MMUCR | X=0

; VPN(31-17) =B 0001 0101 0100 011 VPN 11-10)=B 10 ASID=B 0001 1100
; corresponding entry association is made fromthe entry sel ected by

; the VPN(16-12)=B 1 0011 index, the V bit of the hit way is cleared to
; 0,achieving invalidation.

MOV.L RO, @rL

Reading the Data of a Specific EntryThis example reads the data section of a specific TLB
entry. The bit order indicated in the data field in figure 3.14 (2) is read. RO specifies the address
and the data section of a selected entry is read to R1.

; Rl=H F300 4300 VPN 16-12)=B 00100 Way 3
MOV. L @0, RL

3.7 Usage Note

Instructions that manipulate the MD or BL bit in register SR (the LDC Rm, SR instruction, LDC
@Rm+, SR instruction, and RTE instruction) and the following instruction, or the LDTLB
instruction, should be used with the TLB disabled or in a fixed physical address space (the P1 or
P2 space).
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Section 4 Exception Processing

4.1 Overview

41.1 Features

Exception processing is separate from normal program processing, and is performed by a routir
separate from the normal program. In response to an exception processing request due to
abnormal termination of the executing instruction, control is passed to a user-written exception
handler. However, in response to an interrupt request, normal program execution continues unt
the end of the executing instruction. Here, all exceptions other than resets and interrupts will be
called general exceptions. There are thus three types of exceptions: resets, general exceptions
interrupts.

4.1.2 Register Configuration

Table 4.1 lists the registers used for exception processing. A register with an undefined initial
value should be initialized by software.

Table 4.1  Register Configuration

Register Abbr. R/W  Size Initial Value Address

TRAPA exception register TRA R/W  Longword Undefined H'FFFFFFDO

Exception event register EXPEVT R/W Longword H'000/H'020** H'FFFFFFD4

Interrupt event register INTEVT R/W Longword Undefined H'FFFFFFD8

Interrupt event register 2 INTEVT2 R Longword Undefined H'04000000
(H'A4000000)*?

Notes: *1 H'0000 is set in a power-on reset, and H'020 in a manual reset.

*2 When address translation by the MMU does not apply, the address in parentheses
should be used.

4.2 Exception Processing Function

4.2.1 Exception Processing Flow

In exception processing, the contents of the program counter (PC) and status register (SR) are
saved in the saved program counter (SPC) and saved status register (SSR), respectively, and

execution of the exception handler is invoked from a vector address. The return from exception
handler (RTE) instruction is issued by the exception handler routine at the completion of the
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routine, restoring the contents of the PC and SR to return to the processor state at the point of
interruption and the address where the exception occurred.

A basic exception processing sequence consists of the following operations:

The contents of the PC and SR are saved in the SPC and SSR, respectively.

The block (BL) bit in SR is set to 1, masking any subsequent exceptions.

The mode (MD) bit in SR is set to 1 to place the SH7709A in the privileged mode.

The register bank (RB) bit in SR is set to 1.

An exception code identifying the exception event is written to bits 11-0 of the exception
event (EXPEVT) or interrupt event (INTEVT and INTEVT2) register.

6. Instruction execution jumps to the designated exception processing vector address to invoke
the handler routine.

a s wbdE

42.2 Exception Processing Vector Addresses

The reset vector address is fixed at H'A0000000. The other three events are assigned offsets fro
the vector base address by software. Translation look-aside buffer (TLB) miss exceptions have a
offset from the vector base address of H'00000400. The vector address offset for general excepti
events other than TLB miss exceptions is H'00000100. The interrupt vector address offset is
H'00000600. The vector base address is loaded into the vector base register (VBR) by software.
The vector base address should reside in P1 or P2 fixed physical address space. Figure 4.1 sho
the relationship between the vector base address, the vector offset, and the vector table.

».
>

'

VBR + Vector offset ———»

(Vector base address)

H'A000 0000 ——»

Vector address

Figure 4.1 Vector Addresses

In table 4.2, exceptions and their vector addresses are listed by exception type, instruction
completion state, relative acceptance priority, relative order of occurrence within an instruction
execution sequence and vector address for exceptions and their vector addresses.
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Table 4.2

Exception Event Vectors

Exception  Current Exception Vector Vector
Type Instruction Exception Event Priority  *1 Order Address Offset
Reset Aborted Power-on 1 — H'A00000000 —
Manual reset 1 — H'A00000000 —
H-UDI reset 1 — H’A00000000 —
General Aborted CPU Address error 2 1 — H'00000100
exception and retried  (instruction access)
events TLB miss 2 2 — H'00000400
(instruction access)
TLB invalid 2 3 — H'00000100
(instruction access)
TLB protection 2 4 — H'00000100
violation
(instruction access)
General illegal 2 5 — H'00000100
instruction exception
lllegal slot 2 5 — H'00000100
instruction exception
CPU_Address error 2 6 — H'00000100
(data access)
TLB miss 2 7 — H'00000400
(data access not in
repeat loop)
TLB invalid (data 2 8 — H'00000100
access)
TLB protection 2 9 — H'00000100
violation
(data access)
Initial page write 2 10 — H'00000100
Completed Unconditional trap 2 5 — H'00000100
(TRAPA instruction)
User breakpoint trap 2 n*2 — H'00000100
DMA address error 2 12 — H'00000100
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Table 4.2  Exception Event Vectors (cont)

Exception  Current Exception Vector Vector
Type Instruction Exception Event Priority  *1Order Address Offset
General Completed Nonmaskable 3 — — H'00000600
interrupt interrupt
requests External hardware ~ 4*3 — — H'00000600
interrupt
H-UDI interrupt 4*3 — — H'00000600

Notes: *1 Priorities are indicated from high to low, 1 being highest and 4 being lowest.

*2 The user defines the break point traps. 1 is a break point before instruction execution
and 11 is a break point after instruction execution. For an operand break point, use 11.

*3 Use software to specify relative priorities of external hardware interrupts and peripheral
module interrupts (see section 6, Interrupt Controller (INTC)).

4.2.3 Acceptance of Exceptions

Processor resets and interrupts are asynchronous events unrelated to the instruction stream. All
exception events are prioritized to establish an acceptance order whenever two or more exceptio
events occur simultaneously. If a power-on reset and manual reset occur simultaneously, the
power-on reset has priority.

All general exception events occur in a relative order in the execution sequence of an instruction
(i.e. execution order), but are handled at priority level 2 in instruction-stream order (i.e. program

order), where an exception detected in a preceding instruction is accepted prior to an exception

detected in a subsequent instruction.

Three general exception events (reserved instruction code exception, unconditional trap, and
illegal slot instruction exception) are detected in the decode stage (ID stage) of different
instructions and are mutually exclusive events in the instruction pipeline. They have the same
execution priority. Figure 4.2 shows the order of general exception acceptance.
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Pipeline Sequence:

Instruction n | F [ D [ Ex [ mA [ wa |

i A TLB miss (data access)
Instruction n + 1 | IF | D | Ex | MmA [ wB |

i A TLB miss (instruction access)
Instruction n + 2 | IF | o | Ex | MmA [ wB |

RIE (reserved instruction exception)
Detection Order:

TLB miss (instruction n+1)

y

TLB miss (instruction n) and RIE (instruction n + 2) = simultaneous detection
Handling Order: Program Order:

TLB miss (instruction n)

¢ 1

Re-execution of instruction n

y

TLB miss (instruction n + 1)

¢ 2

Re-execution of instruction n + 1

y

RIE (instruction n + 2) 3

IF = Instruction fetch

ID = Instruction decode
EX = Instruction execution
MA = Memory access

WB = Write back

Figure 4.2 Example of Acceptance Order of General Exceptions

All exceptions other than a reset are detected in the pipeline ID stage, and accepted on instructi
boundaries. However, an exception is not accepted between a delayed branch instruction and tl
delay slot. A re-execution type exception detected in a delay slot is accepted before execution o
the delayed branch instruction. A completion type exception detected in a delayed branch

instruction or delay slot is accepted after execution of the delayed branch instruction. The delay
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slot here refers to the next instruction after a delayed unconditional branch instruction, or the nex
instruction when a delayed conditional branch instruction is true.

4.2.4 Exception Codes

An exception code is predetermined to identify each exception event, and is written to bits 110 c
the EXPEVT register in the case of a reset or general exception, or to the INTEVT and INTEVT2
registers in the case of a general interrupt request. These exception codes are shown in table 4
Another exception handling related register is the TRAPA exception register (TRA), which is usec
to record 8-bit immediate data for an unconditional trap (TRAPA instruction).

Table 4.3  Exception Codes

Exception Type Exception Event Exception Code
Reset Power-on reset H'000
Manual reset H'020
H-UDI reset H'000
General exception events TLB miss/invalid exception (read) H'040
TLB miss/invalid exception (write) H'060
Initial page write exception H'080
TLB protection exception (read) H'0A0
TLB protection exception (write) H'0CO
CPU Address error (read) H'OEOQ
CPU Address error (write) H'100
Unconditional trap (TRAPA instruction) H'160
Reserved instruction code exception H'180
lllegal slot instruction exception H'1A0
User breakpoint trap H'1EOQ
DMA address error H'600
General interrupt requests Nonmaskable interrupt H'1CO
H-UDI interrupt H'620
External hardware interrupts:
IRL3-IRLO = 0000 H'200
IRL3-IRLO = 0001 H'220
IRL3-IRLO = 0010 H'240
IRL3-IRLO = 0011 H'260
IRL3-IRLO = 0100 H'280
IRL3-IRLO = 0101 H'2A0
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Table 4.3  Exception Codes (cont)

Exception Type Exception Event Exception Code

General interrupt requests External hardware interrupts (cont):

(cont) IRL3-IRLO = 0110 H'2C0
IRL3-IRLO = 0111 H'2EO0
IRL3-IRLO = 1000 H'300
IRL3-IRLO = 1001 H'320
IRL3-IRLO = 1010 H'340
IRL3-IRLO = 1011 H'360
IRL3—-IRLO = 1100 H'380
IRL3-IRLO = 1101 H'3A0
IRL3—-IRLO = 1110 H'3CO

Note: Exception codes H'120, H'140, and H'3EO are reserved.

4.2.5 Exception Request Masks

If a general exception event occurs when the BL bit in SR is 1, the CPU’s internal registers are ¢
to their post-reset state, other module registers retain their contents prior to the general exceptic
and a branch is made to the same address (H'A0000000) as for a reset.

If a general interrupt occurs when BL1, the request is masked (held pending) and not accepted
until the BL bit is cleared to 0 by software. For reentrant exception processing, the SPC and SS
must be saved and the BL bit in SR cleared to 0.

4.2.6 Returning from Exception Handling

The RTE instruction is used to return from exception handling. When RTE is executed, the SPC
value is set in the PC, and the SSR value in SR, and the return from exception processing is
performed by branching to the SPC address.

If the SPC and SSR have been saved in the external memory, set the BL bit in SR to 1, then
restore the SPC and SSR, and issue an RTE instruction.
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4.3 Register Description

There are three registers related to exception handling. These are peripheral module registers, a
therefore reside in area P4. They can be accessed by specifying the address in the privileged mc
only.

1.

The exception event register (EXPEVT) resides at address H'FFFFFFD4, and contains a 12-k
exception code. The exception code set in EXPEVT is that for a reset or general exception
event. The exception code is set automatically by hardware when an exception occurs.
EXPEVT can also be modified by software.

The interrupt event register (INTEVT) resides at address H'FFFFFFD8, and contains a 12-bit
interrupt exception code or a code indicating the interrupt priority. Which is set when an
interrupt occurs depends on the interrupt source (see tables 6.4 and 6.5, Interrupt Exception
Sources and Priority). The exception code or interrupt priority code is set automatically by
hardware when an exception occurs. INTEVT can also be modified by software.

Interrupt event register 2 (INTEVT2) resides at address H'04000000, and contains a 12-bit
exception code. The exception code set in INTEVT2 is that for an interrupt request. The
exception code is set automatically by hardware when an exception occurs.

The TRAPA exception register (TRA) resides at address H'FFFFFFDO, and contains 8-bit
immediate data (imm) for the TRAPA instruction. TRA is set automatically by hardware when
a TRAPA instruction is executed. TRA can also be modified by software.

The bit configurations of the EXPEVT, INTEVT, and TRA registers are shown in figure 4.3.

EXPEVT register, INTEVT and INTEVT2 registers  TRA register
31 11 0 31 9 20

0 0 Exceptioncode| |O 0| imm |00|

0: Reserved bits, always read as zero
imm: 8-bit immediate data in TRAPA instruction

Figure 4.3 Bit Configurations of EXPEVT, INTEVT, INTEVT2, and TRA Registers

4.4 Exception Handler Operation

4.4.1 Reset

The reset sequence is used to power up or restart the SH7709A from the initialization state. The
RESETP signal andRESETM signal are sampled every clock cycle, and in the case of a power-on
reset, all processing being executed (excluding the RTC) is suspended, all unfinished events are
canceled, and reset processing is executed immediately. In the case of a manual reset, however,
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processing to retain external memory contents is continued. The reset sequence consists of the
following operations:

bR

The MD bitin SR is set to 1 to place the SH7709A in privileged mode.
The BL bitin SR is set to 1, masking any subsequent exceptions.
The RB bit in SR is set to 1.

An encoded value of H'000 in a power-on reset or H'020 in a manual reset is written to bits 1
0 of the EXPEVT register to identify the exception event.
Instruction execution jumps to the user-written exception handler at address H'A0000000.

4.4.2 Interrupts

An interrupt processing request is accepted on completion of the current instruction. The interru
acceptance sequence consists of the following operations:

o s wbdpE

The contents of the PC and SR are saved in SPC and SSR, respectively.

The BL bitin SR is set to 1, masking any subsequent exceptions.

The MD bitin SR is set to 1 to place the SH7709A in privileged mode.

The RB bitin SR is set to 1.

An encoded value identifying the exception event is written to bits 11-0 of the INTEVT and

INTEVT?2 registers.

Instruction execution jumps to the vector location designated by the sum of the value of the
contents of the vector base register (VBR) and H'00000600 to invoke the exception handler.

4.4.3 General Exceptions

When the SH7709A encounters any exception condition other than a reset or interrupt request,
executes the following operations:

ok wbdpE

The contents of the PC and SR are saved in the SPC and SSR, respectively.

The BL bitin SR is set to 1, masking any subsequent exceptions.

The MD bitin SR is set to 1 to place the SH7709A in privileged mode.

The RB bit in SR is set to 1.

An encoded value identifying the exception event is written to bits 11-0 of the EXPEVT
register.

Instruction execution jumps to the vector location designated by either the sum of the vector
base address and offset H'00000400 in the vector table in a TLB miss trap, or by the sum of
vector base address and offset H'00000100 for exceptions other than TLB miss traps, to invc
the exception handler.

95
HITACHI



4.5

Individual Exception Operations

This section describes the conditions for specific exception processing, and the processor
operations.

4.5.1

96

Resets

Power-On Reset

U
g

Conditions RESETP low

Operations: EXPEVT set to H'000, VBR and SR initialized, branch te R&0000000.
Initialization sets the VBR register to H'0000000. In SR, the MD, RB and BL bits are set to
1 and the interrupt mask bits (I3 to 10) are set to B'1111. The CPU and on-chip supporting
modules are initialized. See the register descriptions in the relevant sections for details. A
power-on reset must always be performed when powering on.

A low level is output from thRESETOUT pin, and a high level is output from the

STATUSO and STATUS1 pins.

Manual Reset

0 Conditions:RESETM low

O Operations: EXPEVT set to H'020, VBR and SR initialized, branch te R&0000000.
Initialization sets the VBR register to H'0000000. In SR, the MD, RB, and BL bits are set
to 1 and the interrupt mask bits (13 to 10) are set to B'1111. The CPU and on-chip
supporting modules are initialized. See the register descriptions in the relevant sections fol
details.
A low level is output from thRESETOUT pin, and a high level is output from the
STATUSO and STATUSL1 pins.

H-UDI Reset

O Conditions: H-UDI reset command input (see section 25.4.3, H-UDI Reset)
0 Operations: EXPEVT set to H'000, VBR and SR initialized, branch te R&0000000.

Initialization sets the VBR register to H'0000000. In SR, the MD, RB and BL bits are set to
1 and the interrupt mask bits (I3 to 10) are set to B'1111. The CPU and on-chip supporting
modules are initialized. See the register descriptions in the relevant sections for details.
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Table 4.4  Types of Reset

Internal State

Conditions for Transition

Type to Reset State CPU On-Chip Supporting Modules
Power-on RESETP = Low Initialized (See register configuration in
reset relevant sections)

Manual RESETM = Low Initialized

reset

H-UDI H-UDI reset command input Initialized

reset

4.5.2 General Exceptions

e TLB miss exception
0 Conditions: Comparison of TLB addresses shows no address match

O Operations: The virtual address (32 bits) that caused the exception is set in TEA and the
corresponding virtual page number (22 bits) is set in PTEH (31-10). The ASID of PTEH
indicates the ASID at the time the exception occurred. The RC bit in MMUCR is
incremented by 1 when all ways are enabled, and if there is a disabled way, setting is
prioritized starting from way 0.

The PC and SR of the instruction that generated the exception are saved to the SPC and SS

respectively. If the exception occurred during a read, H'040 is set in EXPEVT; if the exceptio

occurred during a write, H'060 is set in EXPEVT. The BL, MD and RB bits in SR are setto 1

and a branch occurs to PC = VBR + H'0400.

To speed up TLB miss processing, the offset differs from other exceptions.

e TLB invalid exception
0 Conditions: Comparison of TLB addresses shows address match but V = 0.

O Operations: The virtual address (32 bits) that caused the exception is set in TEA and the
corresponding virtual page number (22 bits) is set in PTEH (31-10). The ASID of PTEH
indicates the ASID at the time the exception occurred. The way that generated the
exception is set in the RC bits in MMUCR.

The PC and SR of the instruction that generated the exception are saved in the SPC and SS
respectively. If the exception occurred during a read, H'040 is set in EXPEVT; if the exceptio
occurred during a write, H'060 is set in EXPEVT. The BL, MD, and RB bits in SR are setto 1
and a branch occurs to RO/BR + H'0100.
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Initial page write exception

O Conditions: A hit occurred to the TLB for a store access, baOD
This occurs for initial writes to the page registered by the load.

O Operations: The virtual address (32 bits) that caused the exception is set in TEA and the
corresponding virtual page number (22 bits) is set in PTEH (31-10). The ASID of PTEH
indicates the ASID at the time the exception occurred. The way that generated the
exception is set in the RC bit in MMUCR.

The PC and SR of the instruction that generated the exception are saved to the SPC and SSF

respectively. H'080 is set in EXPEVT. The BL, MD, and RB bits in SR are setto 1 and a

branch occurs in PEVBR + H'0100.

TLB protection exception

0 Conditions: When a hit access violates the TLB protection information (PR bits) shown
below:

PR Privileged mode User mode

00 Only read enabled No access

01 Read/write enabled No access

10 Only read enabled Only read enabled
11 Read/write enabled Read/write enabled

O Operations: The virtual address (32 bits) that caused the exception is set in TEA and the
corresponding virtual page number (22 bits) is set in PTEH (31-10). The ASID of PTEH
indicates the ASID at the time the exception occurred. The way that generated the
exception is set in the RC bits in MMUCR.

The PC and SR of the instruction that generated the exception are saved to the SPC and SSF

respectively. If the exception occurred during a read, H'0AO is set in EXPEVT; if the exception

occurred during a write, H'OCO is set in EXPEVT. The BL, MD, and RB bits in SR are setto 1

and a branch occurs to RG/BR + H'0100.

Address error

0 Conditions:

a. Instruction fetch from odd address (4n + 1, 4n + 3)

b. Word data accessed from addresses other than word boundaries (4n + 1, 4n + 3)

c. Longword accessed from addresses other than longword boundaries (4n + 1, 4n + 2,
4n + 3)

d. Virtual space accessed in user mode in the area H'80000000 to H'FFFFFFFF.

O Operations: The virtual address (32 bits) that caused the exception is setin TEA. The PC
and SR of the instruction that generated the exception are saved to the SPC and SSR,
respectively. If the exception occurred during a read, H'OEOQ is set in EXPEVT; if the
exception occurred during a write, H'100 is set in EXPEVT. The BL, MD, and RB bits in
SR are set to 1 and a branch occurs te=RBR + H'0100.
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For details, see 3.5.5., Processing Flow in Event of MMU Exception Occurrence, in sectic
3, MMU.

Unconditional trap

g
O

Conditions: TRAPA instruction executed

Operations: The exception is a processing completion type, so the PC of the instruction
after the TRAPA instruction is saved to the SPC. SR from the time when the TRAPA
instruction was executing is saved to SSR. The 8-bhit immediate value in the TRAPA
instruction is quadrupled and set in TRA (9-0). H'160 is set in EXPEVT. The BL, MD, anc
RB bits in SR are setto 1 and a branch occurs to PC = VBR + H'0100.

Reserved instruction exception

O

a.

Conditions:

When undefined code not in a delay slot is decoded

Delay branch instructions: JMP, JSR, BRA, BRAF, BSR, BSRF, RTS, RTE, BT/S, BF/S
Undefined instruction: H'Fxxx

When a privileged instruction not in a delay slot is decoded in user mode

Privileged instructions: LDC, STC, RTE, LDTLB, SLEEP; instructions that access GBR
with LDC/STC are not privileged instructions.

Operations: The PC and SR of the instruction that generated the exception are saved to t
SPC and SSR, respectively. H'180 is set in EXPEVT. The BL, MD, and RB bits in SR are
setto 1 and a branch occurs to PC = VBR + H'0100. When an undefined instruction othel
than H'Fxxx is decoded, operation cannot be guaranteed.

lllegal slot instruction exception

O

a.

Conditions:

When undefined code in a delay slot is decoded

Delay branch instructions: JMP, JSR, BRA, BRAF, BSR, BSRF, RTS, RTE, BT/S, BF/S
Undefined instruction = H'Fxxx when an instruction that rewrites the PC in a delay slot is
decoded

Instructions that rewrite the PC: JMP, JSR, BRA, BRAF, BSR, BSRF, RTS, RTE, BT, BF,
BT/S, BF/S, TRAPA, LDC Rm, SR, LDC.L @Rm+, SR

When a privileged instruction in a delay slot is decoded in user mode

Privileged instructions: LDC, STC, RTE, LDTLB, SLEEP; instructions that access GBR
with LDC/STC are not privileged instructions.

Operations: The PC of the previous delay branch instruction is saved to the SPC. SR of tt

instruction that generated the exception is saved to SSR. H'1A0 is set in EXPEVT. The B
MD, and RB bits in SR are set to 1 and a branch occurs to\FBR + H'0100. When an
undefined instruction other than H'Fxxx is decoded, operation cannot be guaranteed.

User break point trap

O

Conditions: When a break condition set in the user break controller is satisfied
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O Operations: When a post-execution break occurs, the PC of the instruction immediately
after the instruction that set the break point is set in the SPC. If a pre-execution break
occurs, the PC of the instruction that set the break point is set in the SPC. SR when the
break occurs is set in SSR. H'1EOQ is set in EXPEVT. The BL, MD, and RB bits in SR are
set to 1 and a branch occurs to PEBR + H'0100. See section 10, User Break Controller,
for more information.

» DMA Address error
O Conditions:
a. Word data accessed from addresses other than word boundaries (4n + 1, 4n + 3)

b. Longword accessed from addresses other than longword boundaries (4n + 1, 4n + 2,
4n + 3)

O Operations: The PC of the instruction immediately after the instruction executed before the
exception occurs is saved to the SPC. SR when the exception occurs is saved to SSR.
H'5CO is set in EXPEVT. The BL, MD, and RB bits in SR are set to 1 and a branch occurs
to PC=VBR + H'0100.

4.5.3 Interrupts

1. NMI
Conditions: NMI pin edge detection

Operations: The PC and SR immediately after the instruction that receives the interrupt are
saved to the SPC and SSR, respectively. H'01CO is set to INTEVT and INTEVT2. The BL,
MD, and RB bits of the SR are set to 1 and a branch occurs to PC = VBR + H'0600. When the
BL bit in SR is 0, this interrupt is not masked by the interrupt mask bit in SR, and is accepted
with top priority. When the BL bit is 1, the interrupt is masked. When BLMSK in ICRI is a

logic zero and not masked when BLMSK in ICRI is a logic one. See section 6, Interrupt
Controller (INTC), for more information.

2. IRL Interrupts

Conditions: When the value of the interrupt mask bits is lower than the IRL(3-0) level, and the
BL bit in SR is 0, the interrupt is accepted at an instruction boundary.

Operations: The PC after the instruction that accepts the interrupt is saved to the SPC. SR at
the time the interrupt is accepted is saved to SSR. The code corresponding to the IRL3—-IRLO
level is setin INTEVT and INTEVTZ2. The corresponding code is given as H'200 + [IRL(3-0)
value]x H'20. The BL, MD, and RB bits in SR are set to 1 and a branch occurs to VBR +
H'0600. The received level is not set in the interrupt mask bit of SR. See section 6, Interrupt
Controller (INTC), for more information. For the corresponding codes, see table 6.5, Interrupt
Exception Handling Sources and Priority (IRL Mode).
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3. IRQ Pin Interrupts

Conditions: When the IRQ pin is asserted, the value of the interrupt mask bits of SR is lower
than the IRQ priority level, and the BL bit in SR is 0, the interrupt is accepted at an instructior
boundary.

Operations: The PC after the instruction that accepts the interrupt is saved to the SPC. The ¢
at the point the interrupt is accepted is saved to the SSR. The code corresponding to the
interrupt source is set to INTEVT and INTEVT2. The BL, MD, and RB bits of the SR are set
to 1 and a branch occurs to VBR + H'0600. The received level is not set to the interrupt mask
bit of SR. See section 6, Interrupt Controller (INTC), for more information.

4. PINT Pin Interrupts

Conditions: When the PINT pin is asserted, the value of the interrupt mask bits of SR is lowe
than the PINT priority level, and the BL bit in SR is 0, the interrupt is accepted at an
instruction boundary.

Operations: The PC after the instruction that accepts the interrupt is saved to the SPC. The ¢
at the point the interrupt is accepted is saved to the SSR. The code corresponding to the
interrupt source is set to INTEVT and INTEVT2. The BL, MD, and RB bits of the SR are set
to 1 and a branch occurs to VBR + H'0600. The received level is not set to the interrupt mask
bit of SR. See section 6, Interrupt Controller (INTC), for more information.

5. On-Chip Peripheral Module Interrupts
Conditions: When the value of the interrupt mask bits of SR is lower than the on-chip
peripheral module (TMU, RTC, SCIO0, SCI1, SCI2, A/D, LCDC, PCC, DMAC, CPG, REF)
interrupt level and the BL bit in SR is 0, the interrupt is accepted at an instruction boundary.

Operations: The PC after the instruction that accepts the interrupt is saved to the SPC. The ¢
at the point the interrupt is accepted is saved to the SSR. The code corresponding to the
interrupt source is set to INTEVT and INTEVT2. The BL, MD, and RB bits of the SR are set
to 1 and a branch occurs to VBR + H'0600. See section 6, Interrupt Controller (INTC), for
more information.

6. H-UDI Interrupt

Conditions: When an H-UDI interrupt command is input (see section 22.4.4, H-UDI Interrupt)
the value of the interrupt mask bits of SR is lower than 15, and the BL bit in SR is 0, the
interrupt is accepted at an instruction boundary.

Operations: The PC after the instruction that accepts the interrupt is saved to the SPC. The ¢
at the point the interrupt is accepted is saved to the SSR. H'5EOQ is set to INTEVT and
INTEVT2. The BL, MD, and RB bits of the SR are set to 1 and a branch occurs to VBR +
H'0600. See section 6, Interrupt Controller (INTC), for more information.
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4.6

102

Cautions

Return from exception processing

g

O

Check the BL bit in SR with software. If the SPC and SSR have been saved to external
memory, set the BL bit in SR to 1 before restoring them.

Issue an RTE instruction. Set the SPC in the PC and SSR in SR with the RTE instruction,
branch to the SPC address, and return from exception processing.

Operation when exception or interrupt occurs while SR=BL

O

Interrupt: Acceptance is suppressed until the BL bit in SR is set to 0 by software. If there is
a request and the acceptance conditions are satisfied, the interrupt is accepted after
execution of the instruction that sets the BL bit in SR to 0. In the sleep or standby mode,
however, the interrupt will be accepted even if the BL bit in SR is 1. When the BLMSK bit
in ICR1 is 1, NMI is accepted regardless of the BL bit setting. If there is a request and the
reception conditions are satisfied, the interrupt is accepted after the execution of the
instruction that sets the BL bit in SR to 0. During the sleep or standby mode, however, the
interrupt will be accepted even when the BL bit in SR is 1.

NMI is accepted when BLMSK in ICR1 is 1.

Exception: No user break point trap will occur even if a break condition is met. When one
of the other exceptions occurs, a branch is made to the fixed address of the reset
(H'A0000000). In this case, the values of the EXPEVT, SPC, and SSR registers are
undefined.

Differently from general reset processing, no signal is output RESETOUT,
STATUSO, and STATUSL.

SPC when an Exception Occurs: The PC saved to the SPC when an exception occurs is as
shown below:

O

Re-executing type exceptions: The PC of the instruction that caused the exception is set in
the SPC and re-executed after return from exception processing. If the exception occurred
in a delay slot, however, the PC of the immediately prior delayed branch instruction is set
in the SPC. If the condition of the conditional delayed branch instruction is not satisfied,
the delay slot PC is set in SPC.

Completion-type exceptions and interrupts: The PC of the instruction after the one that
caused the exception is set in the SPC. If the exception was caused by a delayed
conditional instruction, however, the branch destination PC is set in SPC. If the condition
of the conditional delayed branch instruction is not satisfied, the delay slot PC is set in
SPC.

Initial register values after reset

O

O

Undefined registers
RO_BANKO0/1-R7_BANKO0/1, R8-R15, GBR, SPC, SSR, MACH, MACL, PR
Initialized registers

HITACHI



VBR = H'00000000

SR.MD =1, SR.BL=1, SR.RB =1, SR.I3-SR.I0 = H'F.
Other SR bits are undefined.

PC = H'A0000000

« Ensure that an exception is not generated at an RTE instruction delay slot, as operation is nc
guaranteed in this case.

« When the BL bit in the SRL register is set to 1, ensure that a TLB-related exception or addre:
error does not occur at an LDC instruction that updates the SR register and the following
instruction. This occurrence will be identified as multiple exceptions, and may initiate reset
processing.
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Section 5 Cache

51 Overview

5.1.1 Features
The cache specifications are listed in table 5.1.

Table 5.1  Cache Specifications

Parameter Specification

Capacity 16 kbytes

Structure Instruction/data mixed, 4-way set associative
Locking Way 2 and way 3 are lockable

Line size 16 bytes

Number of entries 256 entries/way

Write system PO, P1, P3, UO: Write-back/write-through selectable
Replacement method Least-recently-used (LRU) algorithm

5.1.2 Cache Structure

The cache mixes data and instructions and uses a 4-way set associative system. It is composec
four ways (banks), each of which is divided into an address section and a data section. Each of
address and data sections is divided into 256 entries. The data section of the entry is called a lir
Each line consists of 16 bytes (4 byke4). The data capacity per way is 4 kbytes (16 by@s6
entries), with a total of 16 kbytes in the cache as a whole (4 ways). Figure 5.1 shows the cache
structure.
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Address array (ways 0-3) Data array (ways 0-3) LRU
| . : | . :
Entry 0| v | U [Tag address O two | twi | Lw2 | Lw3
Entry 1 1 1
Entry 255 | 255 | 255
24 (1 + 1 + 22) bits 128 (32 x 4) bits 6 bits
- B S — -
LWO-LW3: Longword data 0-3

Figure 5.1 Cache Structure

Address Array: The V bit indicates whether the entry data is valid. When the V bitis 1, data is
valid; when 0, data is not valid. The U bit indicates whether the entry has been written to in write-
back mode. When the U bit is 1, the entry has been written to; when 0, it has not. The address ta
holds the physical address used in the external memory access. It is composed of 22 bits (addre:
bits 31-10) used for comparison during cache searches.

In the SH7709A, the top three of 32 physical address bits are used as shadow bits (see section 1
Bus State Controller (BSC)), and therefore in a normal replace operation the top three bits of the
tag address are cleared to 0.

The V and U bits are initialized to 0 by a power-on reset, but are not initialized by a manual reset
The tag address is not initialized by either a power-on or manual reset.

Data Array: Holds a 16-byte instruction or data. Entries are registered in the cache in line units
(16 bytes). The data array is not initialized by a power-on or manual reset.

LRU: With the 4-way set associative system, up to four instructions or data with the same entry
address (address bits 11-4) can be registered in the cache. When an entry is registered, the LRL
shows which of the four ways it is recorded in. There are six LRU bits, controlled by hardware. A
least-recently-used (LRU) algorithm is used to select the way.

In normal operation, four ways are used as cache and six LRU bits indicate the way to be replace
(table 5.2). If a bit pattern other than those listed in table 5.2 is set in the LRU bits by software, th
cache will not function correctly. When modifying the LRU bits by software, set one of the
patterns listed in table 5.2.

The LRU bits are initialized to 0 by a power-on reset, but are not initialized by a manual reset.

106
HITACHI



Table 5.2 LRU and Way Replacement

LRU (5-0) Way to be Replaced
000000, 000100, 010100, 100000, 110000, 110100 3
000001, 000011, 001011, 100001, 101001, 101011 2
000110, 000111, 001111, 010110, 011110, 0111112 1
111000, 111001, 111011, 111100, 1112110, 111111 0

5.1.3 Register Configuration
Table 5.3 shows details of the cache control register.

Table 5.3  Register Configuration

Register Abbr. R/W  Size Initial Value  Address
Cache control register CCR R/W  Longword H'00000000 H'FFFFFFEC
Cache control register 2 CCR2 w Longword H'00000000 H'040000B0
(H’A40000B0)*
Note: * When address translation by the MMU does not apply, the address in parentheses should
be used.

5.2 Register Description

5.2.1 Cache Control Register (CCR)

The cache is enabled or disabled using the CE bit of the cache control register (CCR). CCR alst
has a CF bit (which invalidates all cache entries), and a WT and CB bits (which select either wri
through mode or write-back mode). Programs that change the contents of the CCR register sho
be placed in address space that is not cached. Figure 5.2 shows the configuration of the CCR
register.
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31 6 5 4 3 2 1 0
— e oo — | — [ — | cp| cB|wr | cE|

CF: Cache flush bit. Writing 1 flushes all cache entries (clears the V, U, and LRU bits of all
cache entries to 0). Always reads 0. Write-back to external memory is not performed when
the cache is flushed.

CB: Cache write-back bit. Indicates the cache’s operating mode for area P1.
1 = write-back mode, 0 = write-through mode.

WT: Write-through bit. Indicates the cache’s operating mode for area PO, U0 and P3.
1 = write-through mode, 0 = write-back mode.

CE: Cache enable bit. Indicates whether the cache function is used.
1 = cache used, 0 = cache not used.

Figure 5.2 CCR Register Configuration

5.2.2 Cache Control Register 2 (CCR2)

CCR2 register is used to enable or disable cache locking mechanism during DSP mode (CPU
status register bit 12) only. Executing a prefetch instruction (PREF) during DSP mode will bring
in one line size of data pointed by Rn to cache, according to the setting of CCR2 [9:8] (W3LOAD,
W3LOCK) and [1:0] (W2LOAD, W2LOCK):

When CCR2[9:8]=11, during DSP mode PREF @Rn will bring the data into way 3. When
CCRZ2[9:8]=00, 01 or 10 during DSP mode, or any setting during non-DSP mode, PREF @Rn wil
place the data into the way pointed by LRU.

When CCR2[1:0]=11, during DSP mode PREF @Rn will bring the data into way 2. When
CCR2[1:0]=00, 01 or 10 during DSP mode, or any setting during non-DSP mode, PREF @Rn wil
place the data into the way pointed by LRU.

CCR2 must be set before cache is enabled (CCR.CE =1).
When a PREF instruction is issued and there is a cache hit, the operation is treated as NOP.
Figure 5.3 shows the configuration of the CCR2 register.

CCR2 is a write-only register; if read, an undefined value will be returned.
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31 9 8 7 2 1 0
W3 | W3 w2 | w2

LOADI|LOCK LOAD|LOCK|

W2LOCK: Way 2 lock bit. W2LOAD: Way 2 load bit.

When W2LOCK =1 & W2LOAD =1 & DSP = 1, the prefetched data will always be loaded
into Way?2. In all other conditions the prefetched data will be loaded into the way pointed by
LRU.

W3LOCK: Way 3 lock bit. W3LOAD: Way 3 load bit.

When W3LOCK =1 & W3LOAD =1 & DSP = 1, the prefetched data will always be loaded
into Way3. In all other conditions the prefetched data will be loaded into the way pointed by
LRU.

Note: W2LOAD and W3LOAD should not be set to high at the same time.

Figure 5.3 CCR2 Register Configuration

Whenever CCR2 bit 8 (W3LOCK) or bit 0 (W2LOCK) is high the cache is locked. The locked
data will not be overwritten unless W3LOCK bit and W2LOCK bit are reset or the PREF
condition during DSP mode matched. During cache locking mode, the LRU in table 5.2 will be
replaced by tables 5.4 to 5.6.

Table 5.4 LRU and Way Replacement (when W2LOCK=1)

LRU (5-0) Way to be Replaced
000000, 000001, 000100, 010100, 100000, 100001, 110000, 110100 3
000011, 000110, 000111, 001011, 001111, 010110, 011110, 011111 1
101001, 101011, 111000, 111001, 111011, 111100, 111110, 11112122 0

Table 5.5 LRU and Way Replacement (when W3LOCK=1)

LRU (5-0) Way to be Replaced
000000, 000001, 000011, 001011, 100000, 100001, 101001, 101011 2

000100, 000110, 000111, 001111, 010100, 010110, 011110, 011111 1

110000, 110100, 111000, 111001, 111011, 111100, 111110, 111111 0
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Table 5.6 LRU and Way Replacement (when W2LOCK=1 and W3LOCK=1)

LRU (5-0) Way to be Replaced

000000, 000001, 000011, 000100, 000110, 000111, 001011, 001111, 1
010100, 010110, 011110, 011111

100000, 100001, 101001, 101011, 110000, 110100, 111000, 111001, 0
111011, 111100, 111110, 111111

5.3 Cache Operation

5.3.1 Searching the Cache

If the cache is enabled, whenever instructions or data in memory are accessed the cache will be
searched to see if the desired instruction or data is in the cache. Figure 5.4 illustrates the methoc
by which the cache is searched. The cache is a physical cache and holds physical addresses in i
address section.

Entries are selected using bits 11-4 of the address (virtual) of the access to memory and the
address tag of that entry is read. In parallel to reading of the address tag, the virtual address is
translated to a physical address in the MMU. The physical address after translation and the
physical address read from the address section are compared. The address comparison uses all
ways. When the comparison shows a match and the selected entry is valid (V = 1), a cache hit
occurs. When the comparison does not show a match or the selected entry is not valid (V =0), a
cache miss occurs. Figure 5.4 shows a hit on way 1.
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Virtual address

31 12 11 43210
[ [ ]
- -
Entry selection | Longword (LW) selection
Ways 0-3 Ways 0-3
MMU 0 | V| U|Tag address LWO | LW1 | Lw2 | Lw3
1
255 | T
Physical address ; J ; * L,

CMPO|CMP1|CMP2|CMP3

l

Hit signal 1

CMPQ: Comparison circuit 0
CMP1: Comparison circuit 1
CMP2: Comparison circuit 2
CMP3: Comparison circuit 3

Figure 5.4 Cache Search Scheme (Normal Mode)
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5.3.2 Read Access

Read Hit: In a read access, instructions and data are transferred from the cache to the CPU, the
LRU is updated.

Read Miss: An external bus cycle starts and the entry is updated. The way replaced is the one
least recently used. Entries are updated in 16-byte units. When the desired instruction or data the
caused the miss is loaded from external memory to the cache, the instruction or data is transferre
to the CPU in parallel with being loaded to the cache. When it is loaded in the cache, the U bit is
cleared to 0 and the V bit is set to 1. When the U bit of a replaced entry in write-back mode is 1,
the cache fill cycle starts after the entry is transferred to the write-back buffer. After the cache
completes its fill cycle, the write-back buffer writes back the entry to the memory. The write-back
unit is 16 bytes.

5.3.3 Prefetch Operations

Prefetch Hit: The LRU is updated so that the hit way becomes the most recent. Other cache
contents are not updated. Instruction or data transfer to the CPU is not performed.

Prefetch Miss: Instruction or data transfer to the CPU is not performed, and the way replaced is a
shown in table 5.4. Other operations are the same as in the case of a read miss.

5.34 Write Access

Write Hit: In a write access in the write-back mode, the data is written to the cache and the U bit
of the entry written is set to 1. Writing occurs only to the cache; no external memory write cycle is
issued. In the write-through mode, the data is written to the cache and an external memory write
cycle is issued.

Write Miss: In the write-back mode, an external write cycle starts when a write miss occurs, and

the entry is updated. The way to be replaced is the one least recently used. When the U bit of the
entry to be replaced is 1, the cache fill cycle starts after the entry is transferred to the write-back

buffer. The write-back unit is 16 bytes. Data is written to the cache and the U bit is set to 1 and th
V bit is also set to 1. After the cache completes its fill cycle, the write-back buffer writes back the

entry to the memory. In the write-through mode, no write to cache occurs in a write miss; the writ
is only to the external memory.

5.3.5 Write-Back Buffer

When the U bit of the entry to be replaced in the write-back mode is 1, it must be written back to
the external memory. To increase performance, the entry to be replaced is first transferred to the
write-back buffer and fetching of new entries to the cache takes priority over writing back to the
external memory. During the write back cycles, the cache can be accessed. The write-back buffe
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can hold one line of the cache data (16 bytes) and its physical address. Figure 5.5 shows the
configuration of the write-back buffer.

PA (31-4)|Longword 0 |Longword 1 | Longword 2 | Longword 3

PA (31-4): Physical address written to external memory
Longword 0-3: The line of cache data to be written to
external memory

Figure 5.5 Write-Back Buffer Configuration

5.3.6 Coherency of Cache and External Memory

Use software to ensure coherency between the cache and the external memory. When memory
shared by this LS| and another device is accessed, the latest data may be in a write-back mode
cache, so invalidate the entry that includes the latest data in the cache, generate a write back, a
update the data in memory before using it. When the caching area is updated by a device other
than the SH7709A, invalidate the entry that includes the updated data in the cache.

5.4 Memory-Mapped Cache

To allow software management of the cache, cache contents can be read and written by means
MOV instructions in the privileged mode. The cache is mapped onto the P4 area in virtual addre
space. The address array is mapped onto addresses H'FO000000 to H'FOFFFFFF, and the data
array onto addresses H'F1000000 to H'F1FFFFFF. Only longword can be used as the access si
for the address array and data array, and instruction fetches cannot be performed.

54.1 Address Array

The address array is mapped onto H'FO000000 to H'FOFFFFFF. To access an address array, th
32-bit address field (for read/write accesses) and 32-bit data field (for write accesses) must be

specified. The address field specifies information for selecting the entry to be accessed; the dat:
field specifies the address, V bit, U bit, and LRU bits to be written to the address array (figure 5.

@)

In the address field, specify the entry address selecting the entry (bits 11-4), W for selecting the
way (bits 12—-11: in normal mode (16-kbyte cache), 00 is way 0, 01 is way 1, 10 is way 2, and 11
is way 3), and H'FO to indicate address array access (bits 31-24).

When writing, specify bit 3 as the A bit. The A bit indicates whether addresses are compared
during writing. When the A bit is 1, the addresses of four entries selected by the entry addresse:
are compared to the addresses to be written into the address array specified in the data field.
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Writing takes place to the way that has a hit. When a miss occurs, nothing is written to the addre:
array and no operation occurs. The way number (W) specified in bits 12—-11 is not used. When th
A bit is 0, it is written to the entry selected with the entry address and way number without
comparing addresses. The address specified by bits 31-10 in the data specification in figure 5.6
(1), address array access, is a virtual address. When the MMU is enabled, the address is transla
into a physical address, then the physical address is used in comparing addresses when the A bi
1. The physical address is written into the address array.

When reading, the address tag, V bit, U bit, and LRU bits of the entry specified by the entry
address and way number (W) are read using the data format shown irbfiguithout

comparing addresses. To invalidate a specific entry, specify the entry by its entry address and wz
number, and write 0 to its V bit. To invalidate only an entry for an address to be invalidated,
specify 1 for the A bit.

When an entry for which 0 is written to the V bit has a U bit set to 1, it will be written back. This
allows coherency to be achieved between the external memory and cache by invalidating the
entry. However, when 0 is written to the V bit, 0 must also be written to the U bit of that entry.

In the SH7709A, the upper 3 bits of the 32-bit physical address are treated as a shadow field (se
section 11, Bus State Controller (BSC)). Therefore, when a cache miss occurs, 0 is stored in the
upper 3 bits of the address array address tag.

When using an MOV instruction to modify the address array directly, a nonzero value must not be
written to the upper 3 bits of the address tag.

5.4.2 Data Array

The data array is mapped onto H'F1000000 to H'F1FFFFFF. To access a data array, the 32-bit
address field (for read/write accesses) and 32-bit data field (for write accesses) must be specifiec
The address field specifies information for selecting the entry to be accessed; the data field
specifies the longword data to be written to the data array (figure 5.6 (2)).

Specify the entry address for selecting the entry (bits 11-4), L indicating the longword position
within the (16-byte) line (bits 3—-2: 00 is longword 0, 01 is longword 1, 10 is longword 2, and 11 is
longword 3), W for selecting the way (bits 12—11: in normal mode, 00 is way 0, 01 is way 1, 10 is
way 2, and 11 is way 3), and H'F1 to indicate data array access (bits 31-24).

Both reading and writing use the longword of the data array specified by the entry address, way
number and longword address. The access size of the data array is fixed at longword.
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1. Address array access

Address specification

Read access

31 24 23 14 13 12 11 3 2 0
[ 1111 0000 Ko * W Entry [o] = o0 o0
Write access
31 24 23 14 13 12 11 3 2 0
[ 1111 o000 IR « W Entry [A] = o o
Data specification
31 30 29 10 9 3 2 1 0
[o]o]o] Address tag (28-10) LRU X X |ul v]
2. Data array access (both read and write accesses)
Address specification
31 24 23 14 13 12 11 3 2 1 0
[ 11110000 | s * W Entry 0 O

Data specification
31

| Longword

X: 0 for read, don't care for write
*: Don't care bit

Figure 5.6 Specifying Address and Data for Memory-Mapped Cache Access
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55 Usage Examples

55.1 Invalidating Specific Entries

A specific cache entry can be invalidated by writing O to the entry’s U bit and V bit. When the A
bit is 1, the address tag specified by the write data is compared to the address tag within the cacl
selected by the entry address, and data is written when a match is found. If no match is found,
there is no operation. RO specifies the write data in RO and R1 specifies the address. When the \
bit of an entry in the address array is set to 0, the entry is written back if the entry’s U bit is 1.

RO=H 01100010; VPN=B' 0000 0001 0001 0000 0000 00, U=0, V=0
; R1=H FO000088; address array access, entry=B 00001000, A=l

M. L RO, @l

5.5.2 Reading the Data of a Specific Entry

This example reads the data section of a specific cache entry. The longword indicated in the date
field of the data array in figure 5.6 is read to the register. RO specifies the address and R1 is reac

R1=H F100 004C, data array access, entry=B 00000100, Wy = O,
| ongword address = 3

MOV.L @0, RL ; Longword 3 is read.
5.6 Usage Note

5.6.1 Cache Lock Function

When the cache controller’s cache lock function is used, write-back may not be performed
correctly.

When using the cache lock function, write-through mode (bit 2 (CB) =0 and bit 1 (WT) = 1 in the
cache control register (CCR)), not write-back mode, should be used.
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Section 6 Interrupt Controller (INTC)

6.1 Overview

The interrupt controller (INTC) ascertains the priority of interrupt sources and controls interrupt
requests to the CPU. The INTC has registers for setting the priority of each interrupt, and interrt
requests are handled according to the priorities set in these registers.

6.1.1 Features
INTC has the following features:

« 16 levels of interrupt priority can be set: By setting the five interrupt-priority registers, the
priorities of on-chip peripheral module, IRQ, and PINT interrupts can be selected from 16
levels for individual request sources.

« NMI noise canceler function: NMI input-level bit indicates NMI pin states. By reading this bit
in the interrupt exception service routine, the pin state can be checked, enabling it to be usec
a noise canceler.

< External devices can be notified that an interrupt has been recEN@@((T): When the
SH7709A has released the bus right, the external bus master can be notified that an externa
interrupt, an on-chip peripheral module interrupt or a memory refresh request has occurred,
enabling this LSI to request the bus right.
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6.1.2 Block Diagram

Figure 6.1 is a block diagram of the INTC.

J— |
IRQOUT ::
NMI ——»]
RLBIRLO ——» >
IRLS3-IRLS0 —+—> B
IROO_IRQ5 ——2s| M .
3 >
PINTO-PINT15 ——2»
! 16 A
DMAC (Interrupt request) -~
DA (Interrupt request) -
SrCIF (Interrupt request) | Priority
o, _nterrupt reques) "| identifier
ADC (Interrupt request) -
(Interrupt request) N
nterrupt request
TMU l :
nterrupt request g
RTC | >
V;E'T: (Interrupt request/ q
I'refresh request) "
H-UDI (Interrupt request) .
i Ty
|
|
|
|
|
| pee |
|
: IPRA-IPRE
|
|
| < Bus
: interface
|
e INTC - -
Legend:

TMU:  Timer unit
RTC: Realtime clock unit
SCI:  Serial communication interface
IrDA:  Serial communication interface (with IrDA)
SCIF:  Serial communication interface (with FIFO)
WDT: Watchdog timer
REF: Refresh requests in the bus state controller
ICR: Interrupt control register
IPRA-IPRE: Registers A-E for setting the interrupt proprity levels
SR: Status register
DMAC: Direct memory access controller
ADC: Analog-to-digital converter
H-UDI:  Hitachi user-debugging interface

Interrupt
request

SR
13[12]11]i0]

CPU

Internal bus

Figure 6.1 INTC Block Diagram
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6.1.3 Pin Configuration
Table 6.1 lists the INTC pin configuration.

Table 6.1 Pin Configuration

Name Abbreviation /O Description
Nonmaskable interrupt input pin NMI | Nonmaskable interrupt request signal
input
Interrupt input pins IRQ5-IRQO0 | Interrupt request signal input
IRL3-IRLO (Maskable by interrupt mask bits in
R SR
IRLS3-IRLSO )
Port interrupt input pins PINTO-PINT15 | Port interrupt request signal input
(Maskable by interrupt mask bits in
SR)
Interrupt request output pin IRQOUT 0] Output of signal that notifies external

devices that an interrupt source or
memory refresh has occurred

119
HITACHI



6.1.4 Register Configuration
The INTC has 12 registers listed in table 6.2.

Table 6.2  Register Configuration

Access
Name Abbr. R/W Initial Value *' Address Size
Interrupt control register O ICRO RIW *? H'FFFFFEEO 16
Interrupt control register 1 ICR1 R/W  H'0000 H'04000010 16
(H'A4000010)*®
Interrupt control register 2 ICR2 R/W  H'0000 H'04000012 16
(H'A4000012)*°
PINT interrupt enable register PINTER R/W H'0000 H'04000014 16
(H'A4000014)*3
Interrupt priority level setting register A IPRA R/W  H'0000 H'FFFFFEE2 16
Interrupt priority level setting register B IPRB R/W  H'0000 H'FFFFFEE4 16
Interrupt priority level setting register C IPRC R/W  H'0000 H'04000016 16
(H'A4000016)*?
Interrupt priority level setting register D IPRD R/W  H'0000 H'04000018 16
(H'A4000018)**
Interrupt priority level setting register E  IPRE R/W  H'0000 H'0400001A 16
(H'A400001A)*3
Interrupt request register 0 IRRO R/W H'00 H'04000004 8
(H'A4000004)**
Interrupt request register 1 IRR1 R H'00 H'04000006 8
(H'A4000006)**
Interrupt request register 2 IRR2 R H'00 H'04000008 8
(H'A4000008)**

Notes: The registers that have addresses that start with H'04 are located to area 1 of the physical

space. When the cache is enabled, either access these registers from the P2 area in the
virtual space, or make appropriate settings by the MMU so that these registers are not

cached.

*1 Initialized by a power-on or manual reset.
*2 H'8000 when the NMI pin is at high level. H'0000 when the NMI pin is at low level.
*3 When address translation by the MMU does not apply, the address in parentheses

should be used.
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6.2 Interrupt Sources

There are five types of interrupt sources: NMI, IRQ, IRL, PINT, and on-chip peripheral modules.
The priority of each interrupt is indicated by a priority level value (16-0), with level 16 as the
highest and level 1 as the lowest. When level 0 is set, the interrupt is masked and interrupt
reqguests are ignored.

6.2.1 NMI Interrupts

The NMI interrupt has the highest priority level of 16. When the BLMSK bit of the interrupt
control register (ICR1) is 1 or the BL bit of the status register (SR) is 0, NMI interrupts are
accepted when the MAI bit of the ICR1 register is 0. NMI interrupts are edge-detected. In sleep
standby mode, the interrupt is accepted regardless of the BL. The NMI edge select bit (NMIE) ir
the interrupt control register 0 (ICRO) is used to select either the rising or falling edge. When the
NMIE bit of the ICRO register is changed, the NMI interrupt is not detected for 20 cycles after
changing the ICRO.NMIE to avoid a false detection of the NMI interrupt. NMI interrupt exception
processing does not affect the interrupt mask level bits (13—10) in the status register (SR).

When the BL bit is 1 and the BLMSK bit of the ICR1 register is set to 1, only NMI interrupts are
accepted and the SPC register and SSR register are updated by the NMI interrupt handler, mak
it impossible to return to the original processing from exception processing initiated prior to the
NMI. Use should therefore be restricted to cases where return is not necessary.

It is possible to wake the chip up from the standby state with an NMI interrupt (except when the
MAI bit of the ICR1 register is set to 1).

6.2.2 IRQ Interrupt

IRQ interrupts are input by priority from pins IRQO-IRQ5 with a level or an edge. The priority
level can be set by priority setting registers C—D (IPRC—IPRD) in a range from levels 0-15.

When using edge-sensing for IRQ interrupts, clear the interrupt source by having software read
from the corresponding bit in IRRO, then write O to the bit.

When the ICR1 register is rewritten, IRQ interrupts may be mistakenly detected, depending on t
pin states. To prevent this, rewrite the register while interrupts are masked, then release the ma
after clearing the illegal interrupt by writing 0 to interrupt request register O (IRRO).

It is necessary for an edge input interrupt detection to input a pulse width more than two-cycle
width by P clock basis.

With level detection, the level must be maintained until the interrupt is accepted and the CPU
starts interrupt handling.
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The interrupt mask bits (13—10) of the status register (SR) are not affected by IRQ interrupt
processing.

Interrupts IRQ4—-IRQO can wake the chip up from the standby state when the relevant interrupt
level is higher than I3—10 in the SR register (but only when the RTC 32-kHz oscillator is used).

6.2.3 IRL Interrupts

IRL interrupts are input by level at pilRL3—IRL0 andIRLS3-IRLSO. IRLS3-IRLSO is enabled
when IRQLVL bit and IRLSEN bit in interrupt control register 1 (ICR1) are both 1. The priority
level is the higher of those indicated by piR&.3—IRL0 andIRLS3—IRLS0. An IRL3—
IRLO/IRLS3-IRLSO value of 0 (0000) indicates the highest-level interrupt request (interrupt
priority level 15). A value of 15 (1111) indicates no interrupt request (interrupt priority level 0).
Figure 6.2 shows an examples of an IRL interrupt connection. Table 6.3 BIAARRLS pins and
interrupt levels.

SH7709A
—
Interrupt ————m»|  Priority 4 —
request % encoder ——F— | IRL3 to IRLO
—————— P IRL3 to IRLO
I——
- 4 L
I
oo 5 priorty ——F— = IRLS3 to IRLSO
request ——— | encoder
—_— IRLS3 to IRLSO

Figure 6.2 Example of IRL Interrupt Connection
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Table 6.3 IRL3-IRLO/IRLS3-IRLS0 Pins and Interrupt Levels

IRL3/ IRL2/ IRL1/ IRLO/
IRLS3 IRLS2 IRLS1 IRLSO Interrupt Priority Level Interrupt Request

0 0 0 0 15 Level 15 interrupt request

14 Level 14 interrupt request

13 Level 13 interrupt request

12 Level 12 interrupt request

11 Level 11 interrupt request

=
o

Level 10 interrupt request

Level 9 interrupt request

Level 8 interrupt request

Level 7 interrupt request

Level 6 interrupt request

Level 5 interrupt request

Level 4 interrupt request

Level 3 interrupt request

Level 2 interrupt request

Level 1 interrupt request

RPlRr|Rr|RPr|RP|R|r|r|o|]lo|j]o|o|o|o]|o
RlRr|Rr|lFP|lOoOjlOo|l0O|O|R|FP|R|FR|O|O|O
Rr|lkr|lolO|Rr|FP|O|O|R|RPR|O|O|R|FL|O
Rrlo|lRr| lO|lRPR| O|RPR|O|R|O|R|O|R|O|R

OIRPIN W Al OO |N| | ©O©

No interrupt request

A noise-cancellation feature is built in, and the IRL interrupt is not detected unless the levels
sampled at every supporting module cycle remain unchanged for two consecutive cycles, so the
no transient level on tH&L/IRLS pin change is detected. In the standby mode, as the peripheral
clock is stopped, noise cancellation is performed using the 32-kHz clock for the RTC instead.
Therefore when the RTC is not used, interruption by means of IRL interrupts cannot be perform:
in standby mode.

The priority level of the IRL interrupt must not be lowered unless the interrupt is accepted and th
interrupt processing starts. However, the priority level can be changed to a higher one.

The interrupt mask bits (13—10) in the status register (SR) are not affeci®LHARLS interrupt
processing.
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6.2.4 PINT Interrupt

PINT interrupts are input by priority from pins PINTO-PINT15 with a level. The priority level can
be set by priority setting registers D (IPRD) in a range from levels 0-15, in the unit of PINTO-
PINT7 or PINT8—PINT15.

The PINT interrupt level should be held until the interrupt is accepted and interrupt handling is
started.

The interrupt mask bits (13—10) of the status register (SR) are not affected by PINT interrupt
processing.

PINTO and PINT1 interrupts can wake the chip up from the standby state when the relevant
interrupt level is higher than I3—10 in the SR register (but only when the RTC 32-kHz oscillator is
used).

6.2.5 On-Chip Peripheral Module Interrupts
On-chip peripheral module interrupts are generated by the following nine modules:

* Timer unit (TMU)

e Realtime clock (RTC)

» Serial communication interface (SCI, IrDA, SCIF)
e Bus state controller (BSC)

* Watchdog timer (WDT)

« Direct memory access controller (DMAC)

» A/D converter (ADC)

e User-debugging interface (H-UDI)

Not every interrupt source is assigned a different interrupt vector, but sources are reflected in the
interrupt event registers (INTEVT and INTEVT2), so it is easy to identify sources by branching
with the INTEVT or INTEVT?2 register value as an offset.

The priority level (from 0-15) can be set for each module except for H-UDI by writing to the
interrupt priority setting registers A, B and E (IPRA, IPRB and IPRE). The priority level of H-
UDI interrupt is 15 (fixed).

The interrupt mask bits (13—10) of the status register are not affected by the on-chip peripheral
module interrupt processing.

TMU and RTC interrupts can restore the chip from the standby state when the relevant interrupt
level is higher than I3—I0 in the SR register (but only when the RTC 32-kHz oscillator is used).
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6.2.6 Interrupt Exception Processing and Priority

Tables 6.4 and 6.5 lists the codes for the interrupt event register (INTEVT and INTEVT2), and tt
order of interrupt priority. Each interrupt source is assigned unique code. The start address of th
interrupt service routine is common to each interrupt source. This is why, for instance, the value
INTEVT or INTEVT2 is used as offset at the start of the interrupt service routine and branched ti
identify the interrupt source.

The order of priority of the on-chip peripheral module, IRQ, and PINT interrupts is set within the
priority levels 0-15 at will by using the interrupt priority level set to registers A—E (IPRA-IPRE).
The order of priority of the on-chip peripheral module, IRQ, and PINT interrupts is set to zero by
RESET.

When the order of priorities for multiple interrupt sources are set to the same level and such
interrupts are generated at the same time, they are processed according to the default order list
in tables 6.4 and 6.5.
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Table 6.4 Interrupt Exception Handling Sources and Priority (IRQ Mode)
Interrupt Priority
INTEVT Code Priority IPR (Bit within IPR  Default

Interrupt Source (INTEVT2 Code) (Initial Value) Numbers) Setting Unit  Priority
NMI H'1CO (H'1CO0) 16 — — High
H-UDI H'5EQ (H'5E0) 15 — — A
IRQ  IRQO H'200-3C0* (H'600)  0-15 (0) IPRC (3-0) —

IRQ1 H'200-3C0* (H'620)  0-15 (0) IPRC (7-4) —

IRQ2 H'200-3C0* (H'640) 0-15 (0) IPRC (11-8) —

IRQ3 H'200-3C0* (H'660) 0-15 (0) IPRC (15-12) —

IRQ4 H'200-3CO0* (H'680) 0-15 (0) IPRD (3-0) —

IRQ5 H'200-3C0* (H'6A0) 0-15 (0) IPRD (7-4) —
PINT  PINTO-7 H'200-3C0* (H'700)  0-15 (0) IPRD (15-12) —

PINT8-15 H'200-3C0* (H'720)  0-15 (0) IPRD (11-8) —
DMAC DEIO H'200-3C0* (H'800)  0—15 (0) IPRE (15-12) High

DEI1 H'200-3CO0* (H'820)

DEI2 H'200-3CO0* (H'840) I

DEI3 H'200-3C0* (H'860) Low
I'DA  ERI1 H'200-3C0* (H'880)  0-15 (0) IPRE (11-8) High
(5CI)  Rrxi1 H'200-3C0* (H'8AQ) I

BRI1 H'200-3C0* (H'8CO0)

TXI1 H'200-3CO0* (H'8E0) Low
SCIF  ERI2 H'200-3C0* (H'900)  0-15 (0) IPRE (7-4)  High
(SCI2)  Rxi2 H'200-3C0* (H'920)

BRI2 H'200-3CO0* (H'940) I

TXI2 H'200-3CO0* (H'960) Low
ADC  ADI H'200-3C0* (H'980) 0-15 (0) IPRE (3-0) —
TMUO TUNIO H'400 (H'400) 0-15 (0) IPRA (15-12) —
TMU1 TUNI1 H'420 (H'420) 0-15 (0) IPRA (11-8) —
TMU2  TUNI2 H'440 (H'440) 0-15 (0) IPRA (7-4)  High ]

TICPI2 H'460 (H'460) Low Low
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Table 6.4  Interrupt Exception Handling Sources and Priority (IRQ Mode) (cont)

Interrupt Priority
INTEVT Code Priority IPR (Bit within IPR  Default

Interrupt Source (INTEVT2 Code) (Initial Value) Numbers) Setting Unit  Priority
RTC ATI H'480 (H'480) 0-15 (0) IPRA (3-0)  High High

PRI H'4A0 (H'4A0) t

Cul H'4CO0 (H'4CO0) Low
SCl  ERI H'4EQ (H'4E0) 0-15 (0) IPRB (7-4)  High
(SCI0) Ry H'500 (H'500)

TXI H'520 (H'520)

TEI H'540 (H'540) Low
WDT Tl H'560 (H'560) 0-15 (0) IPRB (15-12) —
BSC RCMI H'580 (H'580) 0-15 (0) IPRB (11-8) High
(REF) Rovi H'SA0 (H'5A0) Low Low
Note: * The code corresponding to an interrupt level shown in table 6.6 is set.
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Table 6.5 Interrupt Exception Handling Sources and Priority (IRL Mode)
Interrupt Priority
INTEVT Code Priority IPR (Bit within IPR  Default

Interrupt Source (INTEVT2 Code) (Initial Value) Numbers) Setting Unit  Priority
NMI H'1CO (H'1C0) 16 — — High
H-UDI H'SEQ (H'5E0) 15 — — A
IRL IRL(3:0)*2 = 0000 H'200 (H'200) 15 — —

IRL(3:0)*? = 0001H'220 (H'220) 14 — —

IRL(3:0)*2 = 0010 H'240 (H'240) 13 — —

IRL(3:0)*2 = 0011 H'260 (H'260) 12 — —

IRL(3:0)*? = 0100 H'280 (H'280) 11 — —

IRL(3:0)** = 0101 H'2A0 (H'2A0) 10 — —

IRL(3:0)*2 = 0110 H'2C0 (H'2C0) 9 — —

IRL(3:0)*2 = 0111 H'2EQ (H'2E0Q) 8 — —

IRL(3:0)*? = 1000 H'300 (H'300) 7 — —

IRL(3:0)*2 = 1001 H'320 (H'320) 6 — —

IRL(3:0)*2 = 1010 H'340 (H'340) 5 — —

IRL(3:0)*? = 1011 H'360 (H'360) 4 — —

IRL(3:0)*2 = 1100 H'380 (H'380) 3 — —

IRL(3:0)*2 = 1101 H'3A0 (H'3A0) 2 — —

IRL(3:0)*? = 1110 H'3CO (H'3C0) 1 — —
IRQ  IRQ4 H'200-3C0** (H'680) 0-15 (0) IPRD (3-0) —

IRQ5 H'200-3C0** (H'6A0) 015 (0) IPRD (7-4) —
PINT  PINTO-7 H'200-3C0** (H'700) 0-15 (0) IPRD (15-12) —

PINT8-15 H'200-3C0** (H'720) 0-15 (0) IPRD (11-8) —
DMAC DEIO H'200-3C0** (H'800) 0-15 (0) IPRE (15-12) High

DEI1 H'200-3C0** (H'820)

DEI2 H'200-3CO0** (H'840)

DEI3 H'200-3C0** (H'860) Low
IrDA  ERI1 H'200-3C0** (H'880) 0-15 (0) IPRE (11-8) High
(SCI)  rxi1 H'200-3C0** (H'8A0)

BRI1 H'200-3C0** (H'8CO0) v

TXI1 H'200-3C0** (H'8EQ) Low Low
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Table 6.5

Interrupt Exception Handling Sources and Priority (IRL Mode) (cont)

Interrupt Priority
INTEVT Code Priority IPR (Bit within IPR  Default

Interrupt Source (INTEVT2 Code) (Initial Value) Numbers) Setting Unit  Priority
SCIF  ERI2 H'200-3C0** (H'900) 0-15 (0) IPRE (7-4)  High High
(SCI2)  Rxi2 H'200-3C0** (H'920) A

BRI2 H'200-3CO0** (H'940)

TXI2 H'200-3C0** (H'960) Low
ADC  ADI H'200-3C0** (H'980) 0—15 (0) IPRE (3-0) —
TMUO TUNIO H'400 (H'400) 0-15 (0) IPRA (15-12) —
TMU1 TUNI1 H'420 (H'420) 0-15 (0) IPRA (11-8) —
TMU2 TUNI2 H'440 (H'440) 0-15 (0) IPRA (7-4)  High

TICPI2 H'460 (H'460) Low
RTC  ATI H'480 (H'480) 0-15 (0) IPRA (3-0)  High

PRI H'4A0 (H'4A0)

Cul H'4CO0 (H'4CO0) Low
SCI ERI H'4E0 (H'4E0) 0-15 (0) IPRB (7-4)  High
(SCI0) Ry H'500 (H'500)

TXI H'520 (H'520)

TEI H'540 (H'540) Low
WDT Tl H'560 (H'560) 0-15 (0) IPRB (15-12) —
BSC RCMI H'580 (H'580) 0-15 (0) IPRB (11-8) High v
(REF) ROVI H'5A0 (H'5A0) Low Low
Notes: *1 The code corresponding to an interrupt level shown in table 6.6 is set.

*2 When IRLS3-IRLSO are enabled, IRL is higher level of IRL3—-IRLO and IRLS3-IRLSO0.
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Table 6.6  Interrupt Level and INTEVT Code
Interrupt level INTEVT Code
15 H'200

14 H'220

13 H'240

12 H'260

11 H'280

10 H'2A0

9 H'2CO

8 H'2EO0

7 H'300

6 H'320

5 H'340

4 H'360

3 H'380

2 H'3A0

1 H'3CO
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6.3 INTC Registers

6.3.1 Interrupt Priority Registers A to E (IPRA-IPRE)

The interrupt priority level setting registers A to E (IPRA to IPRE) are 16-bit read/write registers
that set priority levels from 0 to 15 for on-chip peripheral module interrupts. These registers are
initialized to H'0000 at power-on reset, manual reset, or in hardware standby mode, but is not
initialized in standby mode.

Bit: 15 14 13 12 11 10 9 8

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

Bit: 7 6 5 4 3 2 1 0

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

Table 6.7 lists the relationship between the interrupt sources and the IPRA and IPRE bits.

Table 6.7 Interrupt Request Sourcesand IPRA-IPRE

Register Bits 15 to 12 Bits 11t0 8 Bits 7to 4 Bits 3to 0
IPRA TMUO TMU1 TMU2 RTC

IPRB WDT REF SCIO Reserved*
IPRC IRQ3 IRQ2 IRQ1 IRQO
IPRD PINTO to PINT7 PINT8 to PINT15 IRQ5 IRQ4
IPRE DMAC IrDA SCIF ADC

Note: * Always read as 0. Only 0 should be written in.

As shown in table 6.7, four sets of on-chip peripheral module, IRQ, or PINT interrupts are
assigned to each register. 4-bit groups (bits 15 to 12, bits 11 to 8, bits 7 to 4, and bits 3 to 0) are
with values from H'0 (0000) to H'F (1111). Setting H'0O means priority level 0 (masking is
requested); H'F is priority level 15 (the highest level). A reset initializes IPRA-IPRE to H'0000.

H'0 should be set into bits corresponding to an unused interrupt.
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6.3.2 Interrupt Control Register 0 (ICRO)

The interrupt control register 0 (ICRO) is a 16-bit register that sets the input signal detection mode
of the external interrupt input pin NMI and indicates the input signal level to the NMI pin. This
register is initialized to H'0000 at power-on reset or manual reset, but is not initialized in standby
mode.

Bit: 15 14 13 12 11 10 9 8
O T O = = R R T
Initial value: 0/1* 0 0 0 0 0 0 0
R/W: R R R R R R R R/W
Bit 7 6 5 4 3 2 1 0
-l -1 -1-1-1=-]T-17=
Initial value: 0 0 0 0 0 0 0 0
R/W: R R R R

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

Bit 15—NMI Input Level (NMIL): Sets the level of the signal input at the NMI pin. This bit can
be read to determine the NMI pin level. This bit cannot be modified.

Bit 15: NMIL Description

0 NMI input level is low

1 NMI input level is high

Bit 8—NMI Edge Select (NMIE): Selects whether the interrupt request signal is detected on the
falling or rising edge of NMI input.

Bit 8: NMIE Description

0 Interrupt request signal is detected on falling edge of NMI input (Initial value)

1 Interrupt request signal is detected on rising edge of NMI input

Bits 14 to 9 and 7 to 0—Reservedhese bits are always read as 0. The write value should
always be 0.
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6.3.3 Interrupt Control Register 1 (ICR1)

The interrupt control register 1 (ICR1) is a 16-bit register that specifies the detection mode to
external interrupt input pins, IRQO to IRQ5 individually: rising edge, falling edge, or low level.
This register, initialized to H'4000 at power-on reset or manual reset, is not initialized in the
standby mode. Bits 15 and 13 must be cleared. Write 1 to these bits is inhibited.

Bitt 15 14 13 12 11 10 9 8
\ MA \ IRQLVL‘ BLMSK \ IRLSEN‘ IRQSlS‘ IRQBOS‘ IRQ41$‘ IRQ4OS‘
Initial value: 0 1 0 0 0 0 0 0

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

Bitt 7 6 5 4 3 2 1 0
| IRQ31S | IRQ30S| IRQ21S | IRQ20S| IRQ11S | IRQ10S | IRQOLS| IRQUOS |
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

Bit 15—Mask All Interrupts (MAI):  When set to 1masks all interrupt requests when a low
level is being input to the NMI pin. Masks NMI interrupts in standby mode.

Bit 15: MAI Description

0 All interrupt requests are not masked when a low level is being input to the NMI
pin (Initial value)

1 All interrupt requests are masked when a low level is being input to the NMI pin

Bit 14—Interrupt Request Level Detect (IRQLVL): Selects whether the IRQ3-IRQO pins are
used as four independent interrupt pins or as 15-level interrupt pins encaiég-dRL0.

Bit 14: IRQLVL Description

0 Used as four independent interrupt request pins IRQ3-IRQ0

1 Used as encoded 15-level interrupt pins as IRL3—-IRL0O (Initial value)

Bit 13—BL Bit Mask (BLMSK): Specifies whether NMI interrupts are masked when the BL bit
of the SR register is 1.

Bit 13: BLMSK Description

0 NMI interrupts are masked when the BL bitis 1 (Initial value)

1 NMI interrupts are accepted regardless of the BL bit setting
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Bit 12—IRLS Enable (IRLSEN): EnableIRLS3—-IRLS0 pins. This bit is effective only when
IRQLVL bit is 1.

Bit 12: IRLSEN Description
0 Disable IRLS3-IRLSO0 pins (Initial value)
1 Enable IRLS3-IRLSO pins

Bits 11 and 10—IRQ5 Sense Select (IRQ51S, IRQ50Select whether the interrupt signal to
the IRQ5 pin is detected at the rising edge, at the falling edge, or at low level.

Bit 11: IRQ51S Bit 10: IRQ50S Description

0 0 An interrupt request is detected at IRQ5 input falling edge
(Initial value)
1 An interrupt request is detected at IRQS5 input rising edge
1 0 An interrupt request is detected at IRQ5 input low level
1 Reserved

Bits 9 and 8—IRQ4 Sense Select (IRQ41S, IRQ40Select whether the interrupt signal to the
IRQ4 pin is detected at the rising edge, at the falling edge, or at low level.

Bit 9: IRQ41S Bit8:IRQ40S Description

0 0 An interrupt request is detected at IRQ4 input falling edge
(Initial value)
1 An interrupt request is detected at IRQ4 input rising edge
1 0 An interrupt request is detected at IRQ4 input low level
Reserved

Bits 7 and 6—IRQ3 Sense Select (IRQ31S, IRQ30Jelect whether the interrupt signal to the
IRQ3 pin is detected at the rising edge, at the falling edge, or at low level.

Bit 7: IRQ31S Bit6: IRQ30S Description

0 0 An interrupt request is detected at IRQ3 input falling edge
(Initial value)

An interrupt request is detected at IRQ3 input rising edge

1 0 An interrupt request is detected at IRQ3 input low level

Reserved
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Bits 5 and 4—IRQ2 Sense Select (IRQ21S, IRQ20[elect whether the interrupt signal to the
IRQ2 pin is detected at the rising edge, at the falling edge, or at low level.

Bit 5: IRQ21S Bit4: IRQ20S Description
0 0 An interrupt request is detected at IRQ2 input falling edge
(Initial value)
An interrupt request is detected at IRQ2 input rising edge
1 0 An interrupt request is detected at IRQ2 input low level

Reserved

Bits 3 and 2—IRQ1 Sense Select (IRQ11S, IRQ10elect whether the interrupt signal to the
IRQ1 pin is detected at the rising edge, at the falling edge, or at low level.

Bit 3: IRQ11S Bit2: IRQ10S Description
0 0 An interrupt request is detected at IRQ1 input falling edge
(Initial value)
An interrupt request is detected at IRQ1 input rising edge
1 0 An interrupt request is detected at IRQ1 input low level
1 Reserved

Bits 1 and 0—IRQO Sense Select (IRQO01S, IRQO0Select whether the interrupt signal to the
IRQO pin is detected at the rising edge, at the falling edge, or at low level.

Bit 1: IRQO1S Bit0: IRQO0S Description
0 0 An interrupt request is detected at IRQO input falling edge
(Initial value)
An interrupt request is detected at IRQO input rising edge
1 0 An interrupt request is detected at IRQO input low level
1 Reserved
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6.3.4 Interrupt Control Register 2 (ICR2)

The interrupt control register 2 (ICR2) is a 16-bit read/write register that sets the detection mode
external interrupt input pins PINTO to PINT15. This register is initialized to H'0000 at power-on
reset or manual reset, but is not initialized in software standby mode.

Bitt 15 14 13 12 11 10 9 8
‘PINTlSS‘PINTMS‘PINT13S‘PINT14S‘PINTllS‘PINTlOS‘ PINTQS‘ PINT8S \
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

Bitt 7 6 5 4 3 2 1 0
‘ PINT?S‘ PINTGS‘ PINTSS‘ PINT4S‘ PINT3S‘ PINTZS‘ PINTlS‘ PINTOS‘
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

Bits 15 to 0—PINT15 to PINTO Sense Select (PINT15S to PINTOS3elect whether interrupt
request signals to PINT15 to PINTO are detected at low levels or high levels.

Bits 15 to O:
PINT15S to PINTOS Description
0 Interrupt requests are detected at low level input to the PINT pins
(Initial value)
1 Interrupt requests are detected at high level input to the PINT pins
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6.3.5 PINT Interrupt Enable Register (PINTER)

The PINT interrupt enable register (PINTER) is a 16-bit read/write register that enables interrupt
requests input to external interrupt input pins PINTO to PINT15. This register is initialized to
H'0000 at power-on reset or manual reset, but is not initialized in standby mode.

Bitt 15 14 13 12 11 10 9 8
‘PINTlSE‘PINT14E‘PINT13E‘PINT12E‘PINTllE‘PINTlOE‘ PINTQE‘ PINTSE \
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

Bitt 7 6 5 4 3 2 1 0
‘ PINT7E‘ PINTGE‘ PINTSE‘ PINT4E‘ PINT3E‘ PINTZE‘ PINTlE‘ PINTOE‘
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

Bits 15 to 0—PINT15 to PINTO Interrupt Enable (PINT15E to PINTOE): Enable whether the
interrupt requests input to the PINT15 to PINTO pins.

Bits 15to O:

PINT15E to PINTOE Description

0 Disables PINT input interrupt requests (Initial value)
1 Enables PINT input interrupt requests

When all or some of these pins, PINTO-PINT15 are not used as an interrupt input, a bit
corresponding to a pin unused as an interrupt request should be set to 0.
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6.3.6 Interrupt Request Register 0 (IRRO)

The interrupt request register 0 (IRRO) is an 8-bit register that indicates interrupt requests from
external input pins IRQO to IRQ5 and PINTO to PINT15. This register is initialized to H'00 at
power-on reset or manual reset, but is not initialized in standby mode.

Bitt 7 6 5 4 3 2 1 0
| PINTOR | PINTIR| IRQSR | IRQ4R | IRQ3R | IRQ2R | IRQIR | IRQUR |
Initial value: 0 0 0 0 0 0 0 0
RW: R R RW RW RW RW RW RW

When clearing IRQ5R—-IRQOR bit to 0, 0 should be written to the bit after the bit is set to 1 and th
contents of 1 are read. Only 0 can be written to IRQ5R-IRQOR.

Bit 7—PINTO to PINT7 Interrupt Request (PINTOR): Indicates whether interrupt requests are
input to PINTO to PINT7 pins.

Bit 7: PINTOR Description

0 Interrupt requests are not input to PINTO to PINT7 pins (Initial value)

1 Interrupt requests are input to PINTO to PINT7 pins.

Bit 6—PINT8 to PINT15 Interrupt Request (PINT1R): Indicates whether interrupt requests are
input to PINT8 to PINT15 pins.

Bit 6: PINT1R Description

0 Interrupt requests are not input to PINT8 to PINT15 pins (Initial value)

1 Interrupt requests are input to PINT8 to PINT15 pins.

Bit 5—IRQ5 Interrupt Request (IRQ5R): Indicates whether an interrupt request is input to the
IRQ5 pin. When edge detection mode is set for IRQ5, an interrupt request is cleared by clearing
the IRQ5R bit.

Bit 5: IRQ5R Description

0 An interrupt request is not input to IRQ5 pin (Initial value)
1 An interrupt request is input to IRQ5 pin
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Bit 4—IRQ4 Interrupt Request (IRQ4R): Indicates whether an interrupt request is input to the
IRQ4 pin. When edge detection mode is set for IRQ4, an interrupt request is cleared by clearing
the IRQ4R bit.

Bit 4: IRQ4R Description

0 An interrupt request is not input to IRQ4 pin (Initial value)

1 An interrupt request is input to IRQ4 pin

Bit 3—IRQ3 Interrupt Request (IRQ3R): Indicates whether an interrupt request is input to the
IRQ3 pin. When edge detection mode is set for IRQ3, an interrupt request is cleared by clearing
the IRQ3R hit.

Bit 3: IRQ3R Description
0 An interrupt request is not input to IRQ3 pin (Initial value)

1 An interrupt request is input to IRQ3 pin

Bit 2—IRQ2 Interrupt Request (IRQ2R): Indicates whether an interrupt request is input to the
IRQ2 pin. When edge detection mode is set for IRQ2, an interrupt request is cleared by clearing
the IRQ2R hit.

Bit 2: IRQ2R Description

0 An interrupt request is not input to IRQ2 pin (Initial value)

1 An interrupt request is input to IRQ2 pin

Bit 1—IRQ1 Interrupt Request (IRQ1R): Indicates whether an interrupt request is input to the
IRQ1 pin. When edge detection mode is set for IRQ1, an interrupt request is cleared by clearing
the IRQ1R bit.

Bit 1: IRQ1R Description

0 An interrupt request is not input to IRQ1 pin (Initial value)

1 An interrupt request is input to IRQ1 pin

Bit 0—IRQO Interrupt Request (IRQOR): Indicates whether an interrupt request is input to the
IRQO pin. When edge detection mode is set for IRQO, an interrupt request is cleared by clearing
the IRQOR hit.

Bit 0: IRQOR Description
0 An interrupt request is not input to IRQO pin (Initial value)

1 An interrupt request is input to IRQO pin
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6.3.7 Interrupt Request Register 1 (IRR1)

The interrupt request register 1 (IRR1) is an 8-bit read-only register that indicates whether DMAC
or IrDA interrupt requests are generated. This register is initialized to H'00 at power-on reset or
manual reset, but is not initialized in software mode.

Bitt 7 6 5 4 3 2 1 0

| TXIIR | BRIIR | RXIIR | ERIIR | DEI3R | DEI2R | DEIIR | DEIOR |
Initial value: 0 0 0 0 0 0 0 0
RW: R R R R R R R R

Bit 7—TXI1 Interrupt Request (TXI1R): Indicates whether a TXI1 (IrDA) interrupt request is
generated.

Bit 7: TXI1 Description
0 A TXI1 interrupt request is not generated (Initial value)
1 A TXI1 interrupt request is generated

Bit 6—BRI1 interrupt request (BRI1R): Indicates whether a BRI1 (IrDA) interrupt request is
generated.

Bit 6: BRI1IR Description

0 A BRI1 interrupt request is not generated (Initial value)

1 A BRI1 interrupt request is generated

Bit 5—RXI1 interrupt request (RXI1R): Indicates whether an RXI1 (IrDA) interrupt request is
generated.

Bit 5: RXI1R Description

0 An RXI1 interrupt request is not generated (Initial value)

1 An RXI1 interrupt request is generated

Bit 4—ERI1 Interrupt Request (ERI1R): Indicates whether an ERI1 (IrDA) interrupt request is
generated.

Bit 4: ERI1IR Description

0 An ERI1 interrupt request is not generated (Initial value)
1 An ERI1 interrupt request is generated
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Bit 3—DEI3 Interrupt Request (DEI3R): Indicates whether a DEI3 (DMAC) interrupt request
is generated.

Bit 3: DEI3R Description
0 A DEI3 interrupt request is not generated (Initial value)
1 A DEI3 interrupt request is generated

Bit 2—DEI2 Interrupt Request (DEI2R): Indicates whether a DEI2 (DMAC) interrupt request
is generated.

Bit 2: DEI2R Description
0 A DEI2 interrupt request is not generated (Initial value)
1 A DEI2 interrupt request is generated

Bit 1—DEI1 Interrupt Request (DEI1R): Indicates whether a DEI1 (DMAC) interrupt request
is generated.

Bit 1: DEI1IR Description
0 A DEI1 interrupt request is not generated (Initial value)
1 A DEI1 interrupt request is generated

Bit 0—DEIO Interrupt Request (DEIOR): Indicates whether a DEIO (DMAC) interrupt request
is generated.

Bit 0: DEIOR Description
0 A DEIO interrupt request is not generated (Initial value)
1 A DEIO interrupt request is generated

6.3.8 Interrupt Request Register 2 (IRR2)

The interrupt request register 2 (IRR2) is an 8-bit read-only register that indicates whether A/D
converter, or SCIF interrupt requests are generated. This register is initialized to H'00 at power-(
reset, manual reset, or in hardware standby mode, but is not initialized in software standby mod

Bitt 7 6 5 4 3 2 1 0

\ — \ — \ — \ ADIR \ TXI2R \ BRI2R \ RXI2R \ ERI2R \
Initial value: 0 0 0 0 0 0 0 0
RW: R R R R R R R R
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Bits 7 to 5—Reserved BitsThese bits are always read as 0. The write value should always be 0.

Bit 4—ADI Interrupt Request (ADIR): Indicates whether an ADI (ADC) interrupt request is
generated.

Bit 4: ADIR Description
0 An ADI interrupt request is not generated (Initial value)
1 An ADI interrupt request is generated

Bit 3—TXI2 Interrupt Request (TXI2R): Indicates whether a TXI2 (SCIF) interrupt request is
generated.

Bit 3: TXI2R Description
0 A TXI2 interrupt request is not generated (Initial value)
1 A TXI2 interrupt request is generated

Bit 2—BRI2 Interrupt Request (BRI2R): Indicates whether a BRI2 (SCIF) interrupt request is
generated.

Bit 2: BRI2R Description
0 A BRI2 interrupt request is not generated (Initial value)
1 A BRI2 interrupt request is generated

Bit 1—RXI2 Interrupt Request (RXI2R): Indicates whether an RXI2 (SCIF) interrupt request is
generated.

Bit 1: RXI2R Description
0 An RXI2 interrupt request is not generated (Initial value)
1 An RXI2 interrupt request is generated

Bit 0—ERI2 Interrupt Request (ERI2R): Indicates whether an ERI2 (SCIF) interrupt request is
generated.

Bit 0: ERI2R Description

0 An ERI2 interrupt request is not generated (Initial value)
1 An ERI2 interrupt request is generated
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6.4 INTC Operation

6.4.1 Interrupt Sequence

The sequence of interrupt operations is explained below. Figure 6.3 is a flowchart of the
operations.

1.
2.

© N o g b~

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

The interrupt controller selects the highest priority interrupt from the interrupt requests sent,
following the priority levels set in interrupt priority registers A to E (IPRA to IPRE). Lower
priority interrupts are held pending. If two of these interrupts have the same priority level or if
multiple interrupts occur within a single module, the interrupt with the highest default priority
or the highest priority within its IPR setting unit (as indicated in table 6.4 and table 6.5) is
selected.

The priority level of the interrupt selected by the interrupt controller is compared with the
interrupt mask bits (13—10) in the status register (SR) of the CPU. If the request priority level i
higher than the level in bits 13—10, the interrupt controller accepts the interrupt and sends an
interrupt request signal to the CPU. When the interrupt controller receives an interrupt, a low
level is output from théRQOUT pin.

The CPU receives an interrupt at a break in instructions.

The interrupt source code is set in the interrupt event registers (INTEVT and INTEVT2).

The status register (SR) and program counter (PC) are saved to SSR and SPC, respectively
The block bit (BL), mode bit (MD), and register bank bit (RB) in SR are set to 1.

The CPU jumps to the start address of the interrupt handler (the sum of the value set in the
vector base register (VBR) and H'00000600). The interrupt handler may branch with the
INTEVT register value as its offset in order to identify the interrupt source. This enables it to
branch to the processing routine for the individual interrupt source.

Notes: 1. The interrupt mask bits (13—10) in the status register (SR) are not changed by

acceptance of an interrupt in the SH7709A.

2. TIRQOUT outputs a low level until the interrupt request is cleared. However, if the
interrupt source is masked by an interrupt mask bitRQEDUT pin returns to the
high level. The level is output without regard to the BL bit.

3. The interrupt source flag should be cleared in the interrupt handler. The interrupt
source flag should be cleared in the interrupt handler. To ensure that an interrupt
request that should have been cleared is not inadvertently accepted again, read the
source flag after it has been cleared, then wait for the interval shown in "Time for
priority decision and SR mask bit comparison" in table 6.8 before clearing the BL bit
or executing an RTE instruction.
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Figure 6.3 Interrupt Operation Flowchart

HITACHI




6.4.2 Multiple Interrupts

When multiple interrupts are used, the structure of the interrupt service routine should be as
follows.

1.

o0k wbd

Branch to a specific interrupt handler corresponding to a code set in INTEVT and INTEVT2.
The code in INTEVT and INTEVT2 can be used as a branch-offset for branching to the
specific handler.

Clear the cause of the interrupt in each specific handler.

Save SSR and SPC to the memory.

Clear the BL bit in SR, and set the accepted interrupt level in the interrupt mask bits in SR.
Handle the interrupt.

Execute the RTE instruction.

When these procedures are followed in order, an interrupt of higher priority than the one being
handled can be accepted after clearing BL in step 4. Figure 6.3 shows a sample interrupt operal
flowchart.

6.5 Interrupt Response Time

The time from generation of an interrupt request until interrupt exception processing is performe
and fetching of the first instruction of the exception handler is started (the interrupt response tim
is shown in table 6.8. Figure 6.4 shows an example of pipeline operation when an IRL interrupt |
accepted. When SR.BL is 1, interrupt exception processing is masked, and is kept waiting until
completion of an instruction that clears BL to 0.
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Table 6.8  Interrupt Response Time

Number of States

Peripheral
Item NMI IRQ PINT Modules Notes
Time for priority 0.5 x Icyc 0.5 x Icyc 0.5 x Icyc 0.5 x Icyc
decision and SR +0.5x%xBcyc +1xBcyc +3.5xPcyc +1.5xPcyc*®

mask bit comparison + 0.5 x Pcyc + 4.5x Pcyc**

0.5 xIcyc
+ 1 x Bcyc
+ 2.5 x Pcyc*®

0.5 x Icyc

+ 3 x Pcyc*’

Wait time until end
of sequence being
executed by CPU

X (20)xlcyc X(20)xIcyc X (=0)xlcyc X (=0) xIcyc Interrupt exception

processing is kept
waiting until the
executing instru-
ction ends. If the
number of instruc-
tion execution
states is S*1, the
maximum wait
timeis: X=S-1.
However, if BL is
set to 1 by instruc-
tion execution or
by an exception,
interrupt exception
processing is
deferred until
completion of an
instruction that
clears BL to 0. If
the following
instruction masks
interrupt exception
processing, the
processing may be
further deferred.

Time from interrupt
exception processing
(save of SR and PC)
until fetch of first
instruction of
exception service
routine is started

5 x Icyc 5 x Icyc 5 x Icyc

5 x Icyc
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Table 6.8 Interrupt Response Time (cont)

Number of States

Peripheral
Item NMI IRQ PINT Modules Notes
Response Total (5.5 + X) (5.5 +X) (5.5 + X) (5.5 + X)
time x lcyc x |cyc x lcyc x |cyc
+0.5xBeyc +1xBcyc + 1.5 xPcyc*®+ 1.5 x Pcyc*®
+0.5 xPcyc + 2.5 x Pcyc*®
5.5+ X) (5.5+X) (5.5+X)
x lcyc x lcyc x Icyc
+3 xPcyc*® +3xPcyc*’ + 3 xPcyc*’
Minimum 7.5 16.5 12,5 8.5%%/11.5*" At 60-MHz (CKIO
case*? = 30) operation:
0.13-0.28 ps
Maximum 7 +S 265+S 185+S 10.5 + S*° At 60-MHz (CKIO
case*3 165 + S*7 =15) operatior_n
0.26-0.56 ps (in
case of operand
cache hit)
At 60-MHz (CKIO
= 15) operation:
0.29-0.59 ps
(when external
memory access is
performed with
wait = 0)
Icyc: Duration of one cycle of internal clock supplied to CPU.
Bcyc: Duration of one CKIO cycle.
Pcyc: Duration of one cycle of peripheral clock supplied to peripheral modules.
Notes: *1 S also includes the memory access wait time.

The processing requiring the maximum execution time is LDC.L @Rm+, SR. When the
memory access is a cache-hit, this requires seven instruction execution cycles. When

the external access is performed, the corresponding number of cycles

must be added.

There are also instructions that perform two external memory accesses; if the external
memory access is slow, the number of instruction execution cycles will increase

accordingly.
*2 The internal clock: CKIO: peripheral clock ratio is 2: 1: 1.
*3 The internal clock: CKIO: peripheral clock ratio is 4: 1: 1.
*4 |IRQ mode
*5 IRL mode
*6 Modules: TMU, RTC, SCI, WDT, REFC
*7 Modules: DMAC, ADC, IrDA, SCIF

HITACHI
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Interrupt Start of interrupt
acceptance processing

0.5 x Icyc

+ 0.5 x Beyc
+ 2 x Pcyc
el -

IRL

Instruction (instruction
replaced by interrupt | IE | ID | EX | EX | EX | EX
exception processing) '

Overrun fetch IF
First instruction of interrupt m-
handler IF EX

IF: Instruction fetch: Instruction is fetched from memory in which program is stored.

ID: Instruction decode: Fetched instruction is decoded.

EX: Instruction execution: Data operation and address calculation are performed in
accordance with result of decoding.

Figure 6.4 Example of Pipeline Operations when IRL Interrupt is Accepted
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Section 7 User Break Controller

7.1 Overview

The user break controller (UBC) provides functions that simplify program debugging. Break
conditions are set in the UBC and a user break is generated according to the conditions of the b
cycle generated by the CPU or on-chip DMAC. The breakpoint check function monitors
instruction fetches and operand read/writes, generating a variable combination of pre-execution
instruction fetch, post-execution instruction fetch, and post-execution operand access breakpoir
traps under designated read/write conditions.

This function makes it easy to design an effective self-monitoring debugger, enabling the chip tc
debug programs without using an in-circuit emulator.

7.11 Features
The user break controller has the following features:

* The following break comparison conditions can be set.

Number of break channels: two channels (channels A and B)

User break can be requested as either the independent or sequential condition on channels .

and B (sequential break setting: channel A and, then channel B match with logical AND, but

not in the same bus cycle).

O Address (Compares 40 bits comprised of a 32-bit logical address prefixed with an ASID
address

Comparison bits are maskable in 32-bit units, user can easily program it to mask address
at bottom 12 bits (4-k page), bottom 10 bits (1-k page), or any size of page, etc.
The 8-bit ASID checking is from MMU control to indicate hit or not hit.)
One of four address buses (CPU address bus (LAB), cache address bus (IAB),
X-memory address bus (XAB) and Y-memory address bus (YAB)) can be selected.

0 Data (only on channel B, 32-bit maskable)

One of the four data buses (CPU data bus (LDB), cache data bus (IDB), X-memory data
bus (XDB) and Y-memory data bus (YDB)) can be selected.

Bus master: CPU cycle or DMAC cycle
Bus cycle: instruction fetch or data access
Read/write

Operand size: byte, word, or longword

« User break is generated upon satisfying break conditions. A user-designed user-break
condition exception processing routine can be run.

g
d
g
d
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e In aninstruction fetch cycle, it can be selected that a break is set before or after an instruction
is executed.

» Breaks can be specified for on-chip I/O accesses or LDTLB instruction execution in ASE
mode.

» The number of repeat times can be specified as a break condition. (It is only for channel B)
« Maximum repeat times for the break conditiott.-21 times.
» Eight pairs of branch source/destination buffers.
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7.1.2 Block Diagram

A XABYAB
Conty LA 1AB  LAB MDB

A A A A

Access
comparator BBRA ——— P

Y

\

BARA
P Address
| comparator
- BAMRA
ASID - -
comparator \BASRAj ™
-t Channel A

\

o P ey DE—
comparator SENE
BARB
Address
comparator
BAMRB

ASID ™

comparator \BASRB je—— »

Data BDRB
comparator
BDMRB
- Channel B BETR l—  »

— BRSR
- BRDR

CONTROL BRCR
v Y
LDB/IDB/ User break request

Y

Y

\
[}

Y

PC Trace

Yy

Y

XDB/YDB CPU state
signals

[ ] UBC Location RXXY cCN Location
Legend
BBRA: Break bus cycle register A BASRB: Break ASID register B
BARA: Break address register A BDRB: Break data register B
BAMRA: Break address mask register A BDMRB: Break data mask register B
BASRA: Break ASID register A BETR: Break execution times register
BBRB: Break bus cycle register B BRSR: Branch source register
BARB: Break address register B BRDR: Branch destination register
BAMRB: Break address mask register B BRCR: Break control register

Figure 7.1 Block Diagram of User Break Controller
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7.1.3 Register Configuration
Table 7.1  Register Configuration

Access
Name Abbr. R/W Initial Value *' Address Size Location
Break address register A BARA R/W  H'00000000 H'FFFFFFBO 32 UBC
Break address mask BAMRA R/W  H'00000000 HFFFFFFB4 32 UBC
register A
Break bus cycle register A’ BBRA R/W  H'0000 H'FFFFFFB8 16 UBC
Break address register B BARB  R/W  H'00000000 H'FFFFFFAO 32 UBC
Break address mask BAMRB R/W  H'00000000 HFFFFFFA4 32 UBC
register B
Break bus cycle register B BBRB ~ R/W  H'0000 H'FFFFFFA8 16 UBC
Break data register B BDRB R/W  H'00000000 HFFFFFF90 32 UBC
Break data mask register B BDMRB R/W  H'00000000 H'FFFFFF94 32 UBC
Break control register BRCR R/W  H'00000000 HFFFFFF98 32 UBC
Execution count break BETR R/W  H'0000 H'FFFFFFOC 16 UBC
register
Branch source register BRSR R Undefined*>  HFFFFFFAC 32 UBC
Branch destination register BRDR Undefined*> H'FFFFFFBC 32 UBC
Break ASID register A BASRA R/W  Undefined H'FFFFFFE4 16 CCN
Break ASID register B BASRB R/W  Undefined H'FFFFFFE8 16 CCN

Notes: *1 Initialized by power-on reset. Values held in standby state and undefined by manual
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*2 Bit 31 of BRSR and BRDR (valid flag) is initialized by power-on resets. But other bits

are not initialized.
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7.2 Register Descriptions

7.2.1 Break Address Register A (BARA)

BARA is a 32-bit read/write register. BARA specifies the address used as a break condition in
channel A. A power-on reset initializes BARA to H'00000000.

Bitt 31 30 29 28 27 26 25 24
\ BAA31\ BAA30‘ BAA29\ BAAZS‘ BAA27\ BAAze\ BAAZS‘ BAA24\
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

Bitt 23 22 21 20 19 18 17 16
‘ BAA23‘ BAAZ?_‘ BAA21‘ BAAZO‘ BAA19‘ BAAlS‘ BAA17‘ BAAlG‘
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

Bitt 15 14 13 12 11 10 9 8
\ BAAlS‘ BAAlA‘ BAA13‘ BAAlZ‘ BAAll‘ BAAlO‘ BAA9 \ BAAS \
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

Bit 7 6 5 4 3 2 1 0
\ BAA7 \ BAAG \ BAAS \ BAA4 \ BAA3 \ BAA2 \ BAAL \ BAAO \
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

Bits 31 to 0—Break Address A31 to A0 (BAA31 to BAAO)Stores the address on the LAB or

IAB specifying break conditions of channel A.
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7.2.2 Break Address Mask Register A (BAMRA)

BAMRA is a 32-bit read/write register. BAMRA specifies bits masked in the break address
specified by BARA. A power-on reset initializes BAMRA to H'00000000.

Bit: 31 30 29 28 27 26 25 24
‘ BAMA31‘ BAMA30‘ BAMAZQ‘ BAMAZB‘ BAMA27‘ BAMAZG‘ BAMA?_S‘ BAMA24‘
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

Bitt 23 22 21 20 19 18 17 16
\ BAMAZS‘ BAMAZZ‘ BAMA21‘ BAMAZO‘ BAMA19‘ BAMA18‘ BAMAl?‘ BAMAlG‘
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

Bitt 15 14 13 12 11 10 9 8
‘BAMAlS‘ BAMA14‘ BAMAlS‘ BAMAlZ‘ BAMAll‘ BAMAlO‘ BAMAQ‘ BAMAS \
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

Bitt 7 6 5 4 3 2 1 0
\ BAMA7 \ BAMA6‘ BAMAS \ BAMA4‘ BAMA3 \ BAMA2 \ BAMAl‘ BAMAO \
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

Bits 31 to 0—Break Address Mask Register A31 to A0 (BAMA31 to BAMAO)Specifies bits
masked in the channel A break address bits specified by BARA (BAA31-BAAO).

Bits 31 to O:
BAMAN Description
0 Break address bit BAAn of channel A is included in the break condition
(Initial value)
1 Break address bit BAAn of channel A is masked and is not included in the break
condition
n=31-0
154

HITACHI



7.2.3 Break Bus Cycle Register A (BBRA)

Break bus cycle register A (BBRA) is a 16-bit read/write register, which specifies (1) CPU cycle
or DMAC cycle, (2) instruction fetch or data access, (3) read or write, and (4) operand size in the
break conditions of channel A. A power-on reset initializes BBRA to H'0000.

Bitt 15 14 13 12 11 10 9 8
-l -1-1T-71T-7T-=-1-=-7=1
Initial value: 0 0 0 0 0 0 0 0
R/W:
Bitt 7 6 5 4 3 2 1 0
‘ CDA1 ‘ CDAO‘ IDA1 ‘ IDAO ‘ RWAl‘ RWAO‘ SzA1 ‘ SZA0 ‘
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

Bits 15 to 8—ReservedThese bits are always read as 0. The write value should always be 0.

Bits 7 and 6—CPU Cycle/DMAC Cycle Select A (CDAL, CDAO)Selects the CPU cycle or

DMAC cycle as the bus cycle of the channel A break condition.

Bit 7: CDA1 Bit 6: CDAO Description

0 0 Condition comparison is not performed (Initial value)
* 1 The break condition is the CPU cycle

1 0 The break condition is the DMAC cycle

*: Don'’t care

Bits 5 and 4—Instruction Fetch/Data Access Select A (IDA1, IDAOBelects the instruction
fetch cycle or data access cycle as the bus cycle of the channel A break condition.

Bit 5: IDA1 Bit 4: IDAO Description

0 0 Condition comparison is not performed (Initial value)
1 The break condition is the instruction fetch cycle

1 0 The break condition is the data access cycle
1 The break condition is the instruction fetch cycle or data access

cycle
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Bits 3 and 2—Read/Write Select A (RWAL, RWAOQ)Selects the read cycle or write cycle as the
bus cycle of the channel A break condition.

Bit 3: RWA1 Bit 2: RWAO Description

0 0 Condition comparison is not performed (Initial value)
1 The break condition is the read cycle

1 0 The break condition is the write cycle
1 The break condition is the read cycle or write cycle

Bits 1 and 0—Operand Size Select A (SZA1, SZAO%elects the operand size of the bus cycle
for the channel A break condition.

Bit 1: SZA1 Bit 0: SZA0 Description

0 0 The break condition does not include operand size
(Initial value)

The break condition is byte access

1 0 The break condition is word access

The break condition is longword access
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7.2.4 Break Address Register B (BARB)

BARB is a 32-bit read/write register. BARB specifies the address used as a break condition in
channel B. A power-on reset initializes BARB to H'00000000.

Bitt 31 30 29 28 27 26 25 24
\ BAB31‘ BABSO‘ BABZQ‘ BABZS‘ BABZ7‘ BABZG‘ BABZS‘ BABZ4‘
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

Bitt 23 22 21 20 19 18 17 16
\ BABZ3‘ BABZ2‘ BABZl‘ BABZO‘ BABl9‘ BABlS‘ BABl?‘ BABlG‘
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

Bitt 15 14 13 12 11 10 9 8
\ BABlS‘ BABlA‘ BABl3‘ BABlZ‘ BABll‘ BABlO‘ BAB9 \ BABS \
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

Bitt 7 6 5 4 3 2 1 0
\ BAB7 \ BABG6 \ BAB5 \ BAB4 \ BAB3 \ BAB2 \ BAB1 \ BABO \
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
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7.2.5 Break Address Mask Register B (BAMRB)

BAMRB is a 32-bit read/write register. BAMRB specifies bits masked in the break address
specified by BARB. A power-on reset initializes BAMRB to H'00000000.

Bit: 31 30 29 28 27 26 25 24
‘ BAMB31‘ BAMB30‘ BAMBZQ‘ BAMBZB‘ BAMBZ?‘ BAMBZG‘ BAMB?_S‘ BAMBZ4‘
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

Bitt 23 22 21 20 19 18 17 16
\ BAMBZS‘ BAMBZZ‘ BAMBZl‘ BAMBZO‘ BAMBl9‘ BAMBl8‘ BAMBl?‘ BAMBlG‘
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

Bitt 15 14 13 12 11 10 9 8
‘BAMBlS‘BAMBM‘ BAMBlS‘BAMBlZ‘ BAMBll‘ BAMBlO‘ BAMBQ‘ BAMBS \
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

Bitt 7 6 5 4 3 2 1 0
\ BAMB? \ BAMB6‘ BAMBS5 \ BAMB4‘ BAMB3 \ BAMB2 \ BAMBl‘ BAMBO \
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

Bits 31 to 0—Break Address Mask Register B31 to BO (BAMB31 to BAMBOBpecifies bits
masked in the channel B break address bits specified by BARB (BAB31—BABO).

Bits 31 to O:

BAMBN Description

0 Break address BABN of channel B is included in the break condition (Initial value)

1 Break address BABnN of channel B is masked and is not included in the break
condition

n=31to0
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7.2.6 Break Data Register B (BDRB)

BDRB is a 32-bit read/write register. A power-on reset initializes BDRB to H'00000000.

Bitt 31 30 29 28 27 26 25 24
\ BDB31 \ BDB30‘ BDB29 \ BDBZ8‘ BDB27 \ BDB26 \ BDBZS‘ BDB24 \
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

Bit: 23 22 21 20 19 18 17 16
\ BDB23 \ BDBZZ‘ BDB21 \ BDBZO‘ BDB19 \ BDB18 \ BDBl?‘ BDB16 \
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

Bitt 15 14 13 12 11 10 9 8
\ BDB15 \ BDBl4‘ BDB13 \ BDBlZ‘ BDB11 \ BDB10 \ BDBO \ BDBS \
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

Bitt 7 6 5 4 3 2 1 0
\ BDB7 \ BDB6 \ BDB5 \ BDB4‘ BDB3 \ BDB2 \ BDB1 \ BDBO \

Initial value: 0 0 0 0 0 0 0 0
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7.2.7 Break Data Mask Register B (BDMRB)

BDMRB is a 32-bit read/write register. BDMRB specifies bits masked in the break data specified
by BDRB. A power-on reset initializes BDMRB to H'00000000.

Bit: 31 30 29 28 27 26 25 24
‘ BDMB31‘ BDMB30‘ BDMBZQ‘ BDMBZ8‘ BDMBZ?‘ BDMBZG‘ BDMB?_S‘ BDMBZ4‘
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

Bitt 23 22 21 20 19 18 17 16
\ BDMBZ3‘ BDMBZZ‘ BDMBZl‘ BDMBZO‘ BDMBlQ‘ BDMBlB‘ BDMBl?‘ BDMBlG‘
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

Bitt 15 14 13 12 11 10 9 8
\ BDMBlS‘ BDMBl4‘ BDMBlS‘ BDMBlZ‘ BDMBll‘ BDMBlO‘ BDMB9 \ BDMBS \
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

Bitt 7 6 5 4 3 2 1 0
\ BDMB7 \ BDMB6‘ BDMBS‘ BDMB4‘ BDMBS‘ BDMB2 \ BDMBl‘ BDMBO‘
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

Bits 31 to 0—Break Data Mask Register B31 to BO (BDMB31 to BDMBOBpecifies bits in
the channel B break data bits specified by BDRB (BDB31—BDBO).

Bits 31 to O:

BDMBnN Description

0 Break data BDBn of channel B is included in the break condition (Initial value)

1 Break data BDBn of channel B is masked and is not included in the break
condition

n=31t00

Notes: 1. Specify an operand size when including the value of the data bus in the break condition.

2. When a byte size is selected as a break condition, the break data must be set in bits
15-8 in BDRB for an even break address and bits 7-0 for an odd break address.
Another 8 bits have no influence on a break condition.
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7.2.8 Break Bus Cycle Register B (BBRB)

Break bus cycle register B (BBRB) is a 16-bit read/write register, which specifies, (1) CPU cycle
or DMAC cycle, (2) instruction fetch or data access, (3) read/write, and (4) operand size in the
break conditions of channel B. A power-on reset initializes BBRB to H'0000.

Bitt 15 14 13 12 11 10 9 8
-l -1-1T-71T-7T-=-1-=-7=1
Initial value: 0 0 0 0 0 0 0 0
R/W:
Bitt 7 6 5 4 3 2 1 0
‘ CDB1 ‘ CDBO‘ IDB1 ‘ IDBO ‘ RWBl‘ RWBO‘ SzB1 ‘ SZBO ‘
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

Bits 15 to 8—ReservedThese bits are always read as 0. These bits are always read as 0.

Bits 7 and 6—CPU Cycle/DMAC Cycle Select B (CDB1, CDBO0gBelect the CPU cycle or
DMAC cycle as the bus cycle of the channel B break condition.

Bit 7: CDB1 Bit 6: CDBO Description

0 0 Condition comparison is not performed (Initial value)
* 1 The break condition is the CPU cycle

1 0 The break condition is the DMAC cycle

*: Don’t care

Bits 5 and 4—Instruction Fetch/Data Access Select B (IDB1, IDBOBelect the instruction
fetch cycle or data access cycle as the bus cycle of the channel B break condition.

Bit 5: IDB1 Bit 4: IDBO Description

0 0 Condition comparison is not performed (Initial value)
1 The break condition is the instruction fetch cycle

1 0 The break condition is the data access cycle
1 The break condition is the instruction fetch cycle or data access

cycle
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Bits 3 and 2—Read/Write Select B (RWB1, RWBO0)Select the read cycle or write cycle as the
bus cycle of the channel B break condition.

Bit 3: RWB1 Bit 2: RWBO Description

0 0 Condition comparison is not performed (Initial value)
1 The break condition is the read cycle

1 0 The break condition is the write cycle
1

The break condition is the read cycle or write cycle

Bits 1 and 0—Operand Size Select B (SZB1, SZB®elect the operand size of the bus cycle for
the channel B break condition.

Bit 1: SZB1 Bit 0: SZBO Description

0 0 The break condition does not include operand size (Initial value)
1 The break condition is byte access

1 0 The break condition is word access
1 The break condition is longword access
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7.2.9 Break Control Register (BRCR)
BRCR sets the following conditions:

1. Channels A and B are used in two independent channels condition or under the sequential
condition.

A break is set before or after instruction execution.

A break is set by the number of execution times.

Determine whether to include data bus on channel B in comparison conditions.
Enable PC trace.

Enable the ASID check.

L

The break control register (BRCR) is a 32-bit read/write register that has break conditions matct
flags and bits for setting a variety of break conditions. A power-on reset initializes BRCR to
H'00000000.

Bitt 31 30 29 28 27 26 25 24
-l -1-1T-1T-=-7T-=-1-=-7=1
Initial value: 0 0 0 0 0 0 0 0
R/W:
Bitt 23 22 21 20 19 18 17 16
\ — \ — ‘BASMA‘BASMB‘ — \ — \ — \ — \
Initial value: 0 0 0 0 0 0 0 0
RW: R R RW  RW
Bit: 15 14 13 12 11 10 9 8
\SCMFCA\SCMFCE#SCMFDA\SCMFDI% PCTE \ PCBA \ — \ — \
Initial value: 0 0 0 0 0 0 0 0

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

Bit 7 6 5 4 3 2 1 0

\ DBEB \ PCBB \ — \ — \ SEQ \ — \ — \ ETBE \
Initial value: 0 0 0 0 0 0 0 0
RW: RMW  RW R R RIW R R RIW

Bits 31 to 22—ReservedThese bits are always read as 0. The write value should always be 0.
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Bit 21—Break ASID Mask A (BASMA): Specifies whether the bits of the channel A break
ASID7-ASIDO (BASA7 to BASAOQ) set in BASRA are masked or not.

Bit 21: BASMA Description
0 All BASRA bits are included in break condition, ASID is checked  (Initial value)
1 No BASRA bits are included in break condition, ASID is not checked

Bit 20—Break ASID Mask B (BASMB): Specifies whether the bits of channel B break ASID7-
ASIDO (BASB7 to BASBO) set in BASRB are masked or not.

Bit 20: BASMB Description
0 All BASRB bits are included in break condition, ASID is checked  (Initial value)
1 No BASRB bits are included in break condition, ASID is not checked

Bits 19 to 16—ReservedThese bits are always read as 0. The write value should always be 0.

Bit 15—CPU Condition Match Flag A (SCMFCA): When the CPU bus cycle condition in the
break conditions set for channel A is satisfied, this flag is set to 1 (not cleared to 0). In order to
clear this flag, write O into this bit.

Bit 15:

SCMFCA Description

0 The CPU cycle condition for channel A does not match (Initial value)
1 The CPU cycle condition for channel A matches

Bit 14—CPU Condition Match Flag B (SCMFCB): When the CPU bus cycle condition in the
break conditions set for channel B is satisfied, this flag is set to 1 (not cleared to 0). In order to
clear this flag, write 0O into this bit.

Bit 14:

SCMFCB Description

0 The CPU cycle condition for channel B does not match (Initial value)
1 The CPU cycle condition for channel B matches
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Bit 13—DMAC Condition Match Flag A (SCMFDA): When the on-chip DMAC bus cycle
condition in the break conditions set for channel A is satisfied, this flag is set to 1 (not cleared to
0). In order to clear this flag, write 0 into this bit.

Bit 13:

SCMFDA Description

0 The DMAC cycle condition for channel A does not match (Initial value)
1 The DMAC cycle condition for channel A matches

Bit 122—DMAC Condition Match Flag B (SCMFDB): When the on-chip DMAC bus cycle
condition in the break conditions set for channel B is satisfied, this flag is set to 1 (not cleared to
0). In order to clear this flag, write 0 into this bit.

Bit 12:

SCMFDB Description

0 The DMAC cycle condition for channel B does not match (Initial value)
1 The DMAC cycle condition for channel B matches

Bit 11—PC Trace Enable (PCTE):Enables PC trace.

Bit 11: PCTE Description

0 Disables PC trace (Initial value)

1 Enables PC trace

Bit 10—PC Break Select A (PCBA):Selects the break timing of the instruction fetch cycle for
channel A as before or after instruction execution.

Bit 10: PCBA  Description

0 PC break of channel A is set before instruction execution (Initial value)

1 PC break of channel A is set after instruction execution

Bits 9 and 8—ReservedThese bits are always read as 0. The write value should always be O.

Bit 7—Data Break Enable B (DBEB): Selects whether or not the data bus condition is included
in the break condition of channel B.

Bit 7: DBEB Description

0 No data bus condition is included in the condition of channel B (Initial value)

1 The data bus condition is included in the condition of channel B
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Bit 6—PC Break Select B (PCBB):Selects the break timing of the instruction fetch cycle for
channel B as before or after instruction execution.

Bit 6: PCBB Description

0 PC break of channel B is set before instruction execution (Initial value)

1 PC break of channel B is set after instruction execution

Bits 5 and 4—ReservedThese bits are always read as 0. The write value should always be 0.

Bit 3—Sequence Condition Select (SEQ$elects two conditions of channels A and B as
independent or sequential.

Bit 3: SEQ Description
0 Channels A and B are compared under the independent condition (Initial value)
1 Channels A and B are compared under the sequential condition

Bit 2—NPROT Bit: Indicates whether to release UBC to user. This bit is meaningless in the main
chip mode. The reading of BRCR.NPROT bit could be impossible in the ASE break mode if the
value is 1 because the mode has switched to the ASE user mode.

Bit 2: NPROT  Description

0 UBC is not released to user (Initial value)

1 UBC is released to user

Bit 1—RTB Interrupt Mask (RTBMK): Indicates whether to mask user interrupts after RTB.
This bit is meaningless in the main chip mode.

Bit 1: RTBMK  Description

0 Interrupts are accepted after RTB (Initial value)

1 Interrupts are not accepted after RTB

Bit 0—The Number of Execution Times Break Enable (ETBE)Enable the execution-times

break condition only on channel B. If this bit is 1 (break enable), a user break is issued when the
number of break conditions matches with the number of execution times that is specified by the
BETR register.

Bit 0: ETBE Description

0 The execution-times break condition is masked on channel B (Initial value)
1 The execution-times break condition is enabled on channel B
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7.2.10

Execution Times Break Register (BETR)

When the execution-times break condition of channel B is enabled, this register specifies the
number of execution times to make the break. The maximum numbBéri¢ #imes. A power-on
reset initializes BETR to H'0000. When a break condition is satisfied, it decreases the BETR. A
break is issued when the break condition is satisfied after the BETR becomes H'0001. Bits 15-1
are always read as 0 and 0 should always be written in these bits.

Bit:

Initial value:
R/W:

Bit:

Initial value:
R/W:

HITACHI

15 14 13 12 11 10 9 8
N [ [ ]
0 0 0 0 0 0 0 0

R/W R/W R/W R/W
7 6 5 4 3 2 1 0
[ ] [ [ ]
0 0 0 0 0 0 0 0
R/W R/W R/W R/W R/W R/W R/W R/W
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7.2.11 Branch Source Register (BRSR)

BRSR is a 32-bit read register. BRSR stores the last fetched address before branch and the poin
(3 bits) which indicates the number of cycles from fetch to execution for the last executed
instruction. BRSR has the flag bit that is set to 1 when branch occurs. This flag bit is cleared to O,
when BRSR is read and also initialized by power-on resets or manual resets. Other bits are not
initialized by reset. Four BRSR registers have queue structure and a stored register is shifted eve

branch.

Bit:

Initial value:
R/W:

Bit:

Initial value:
R/W:

Bit:

Initial value:

R/W:

Bit:

Initial value:

R/W:

31 30 29 28 27 26 25 24

\ SVF \ PID2 \ PID1 \ PIDO \ BSA27‘ BSAZG‘ BSAZS‘ BSA24‘
O * * * * * * *
R R R R R R R R
23 22 21 20 19 18 17 16

\ BSAZS‘ BSAZZ‘ BSA21‘ BSAZO‘ BSAlQ‘ BSAlS‘ BSA17‘ BSAlG‘
* * * * * * * *
R R R R R R R R
15 14 13 12 11 10 9 8

\ BSAlS‘ BSA14‘ BSAlS‘ BSAlZ‘ BSAll‘ BSAlO‘ BSA9 \ BSA8 \
R R R R R R R R
7 6 5 4 3 2 1 0

\ BSA7 \ BSA6 \ BSAS5 \ BSA4 \ BSA3 \ BSA2 \ BSAL \ BSAO \
* * * * * * * *
R R R R R R R R

Note: * Undefined value

Bit 31—BRSR Valid Flag (SVF):Indicates whether the address and the pointer by which the
branch source address can be calculated. When a branch source address is fetched, this flag is
to 1. This flag is cleared to 0 in reading BRSR.

Bit 31: SVF Description

0 The value of BRSR register is invalid
1 The value of BRSR register is valid
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Bits 30 to 28—Instruction Decode Pointer (PID2 to PIDO)PID is a 3-bit binary pointer (0-7).
These bits indicate the instruction buffer number which stores the last executed instruction befo
branch.

Bits 30 to 28:

PID Description

Even PID indicates the instruction buffer number.
Odd PiD+2 indicates the instruction buffer number

Bits 27 to 0—Branch Source Address (BSA27-BSAUQ)hese bits store the last fetched address
before branch.

7.2.12  Branch Destination Register (BRDR)

BRDR is a 32-bit read register. BRDR stores the branch destination fetch address. BRDR has tf
flag bit that is set to 1 when branch occurs. This flag bit is cleared to 0, when BRDR is read and
also initialized by power-on resets or manual resets. Other bits are not initialized by resets. Foul
BRDR registers have queue structure and a stored register is shifted every branch.

Bitt 31 30 29 28 27 26 25 24
\ DVE \ — \ — \ — \ BDA27‘ BDA26‘ BDAZS‘ BDA24‘
Initial value: 0 * * * * * * *
RW: R R R R R R R R
Bitt 23 22 21 20 19 18 17 16
\ BDAZS‘ BDAZZ‘ BDA21‘ BDAZO‘ BDA19‘ BDA18‘ BDAl?‘ BDA16‘
Initial value: * * * * * * * *
RW: R R R R R R R R
Bitt 15 14 13 12 11 10 9 8
\ BDAlS‘ BDA14‘ BDAlS‘ BDAlZ‘ BDAll‘ BDA10 \ BDA9 \ BDAS
Initial value: * * * * * * * *
RW: R R R R R R R R
Bit: 7 6 5 4 3 2 1 0

\ BDAY‘ BDAG‘ BDAS‘ BDA4‘ BDAS‘ BDA2‘ BDAl‘ BDAO‘

Initial value: * * * * * * * *
R/W: R R R R R R R R
Note: * Undefined value
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Bit 31—BRDR Valid Flag (DVF): Indicates whether a branch destination address is stored.
When a branch destination address is fetched, this flag is set to 1. This flag is set to 0 in reading
BRDR.

Bit 31: DVF Description

0 The value of BRDR register is invalid

1 The value of BRDR register is valid

Bits 30 to 28—ReservedThese bits are always read as 0. The write value should always be 0.

Bits 27 to 0—Branch Destination Address (BDA27 to BDAO)These bits store the first fetched
address after branch.

7.2.13 Break ASID Register A (BASRA)

Break ASID register A (BASRA) is an 8-bit read/write register that specifies the ASID that serves
as the break condition for channel A. It is not initialized by resets. It is located in CCN.

Bitt 7 6 5 4 3 2 1 0
\ BASA7 \ BASA6‘ BASAS \ BASA4‘ BASA3 \ BASA2 \ BASAl‘ BASAO \
Initial value: * * * * * * * *

R/W: R/W R/W R/W R/W R/W R/W R/W R/W
Note: * Undefined value

Bits 7 to 0—Break ASID A7 to 0 (BASA7 to BASAO)These bits store the ASID (bits 7 to 0)
that is the channel A break condition.

7.2.14 Break ASID Register B (BASRB)

Break ASID register B (BASRB) is an 8-bit read/write register that specifies the ASID that serves
as the break condition for channel B. It is not initialized by resets. It is located in CCN.

Bitt 7 6 5 4 3 2 1 0
\ BASB7 \ BASB6‘ BASB5 \ BASB4‘ BASB3 \ BASB2 \ BASBl‘ BASBO \
Initial value: * * * * * * * *

R/W: R/W R/W R/W R/W R/W R/W R/W R/W
Note: * Undefined value

Bits 7 to 0—Break ASID A7 to 0 (BASB7 to BASBO)These bits store the ASID (bits 7 to 0)
that is the channel B break condition.

170
HITACHI



7.3 Operation Description

7.3.1 Flow of the User Break Operation

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

1.

The break addresses and the corresponding ASIDs are loaded in the break address register
(BARA and BARB) and break ASID registers (BASRA and BASRB in CCN). The masked
addresses are set in the break address mask registers (BAMRA and BAMRB). The break da
is set in the break data register (BDRB). The masked data is set in the break data mask regi
(BDMRB). The breaking bus conditions are set in the break bus cycle registers (BBRA and
BBRB). Three groups of the BBRA and BBRB (CPU cycle/DMAC cycle select, instruction
fetch/data access select, and read/write select) are each set. No user break will be generate
even one of these groups is set with 00. The respective conditions are set in the bits of the
BRCR.

. When the break conditions are satisfied, the UBC sends a user break request to the interrup

controller. The break type will be sent to CPU indicating the instruction fetch, pre/post
instruction break, data access break, or on-chip I/O access/LDTLB break. When conditions
match up, the CPU condition match flags (SCMFCA and SCMFCB) and DMAC condition
match flags (SCMFDA and SCMFDB) for the respective channels are set.

. When the ASE mode is set (not in the main chip mode) and the set conditions are satisfied, |

UBC sends an ASE break request to interrupt controller. When conditions match up, the
corresponding match flags (SCMFIOB and SCMFLDT) or other flags are set.

The appropriate condition match flags (SCMFCA, SCMFDA, SCMFCB, and SCMFDB) can
be used to check if the set conditions match or not. The matching of the conditions sets flags
but they are not reset. 0 must first be written to them before they can be used again.

There is a chance that the data access break and its following instruction fetch break occur
around the same time, there will be only one break request to the CPU, but these two break
channel match flags could be both set.
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7.3.2 Break on Instruction Fetch Cycle

1. When CPUl/instruction fetch/read/word or longword is set in the break bus cycle registers
(BBRA/BBRB), the break condition becomes the CPU instruction fetch cycle. Whether it then
breaks before or after the execution of the instruction can then be selected with the
PCBA/PCBB bits of the break control register (BRCR) for the appropriate channel.

2. An instruction set for a break before execution breaks when it is confirmed that the instruction
has been fetched and will be executed. This means this feature cannot be used on instruction
fetched by overrun (instructions fetched at a branch or during an interrupt transition, but not to
be executed). When this kind of break is set for the delay slot of a delay branch instruction, th
break is generated prior to execution of the instruction that then first accepts the break.
Meanwhile, the break set for pre-instruction-break on delay slot instruction and post-
instruction-break on SLEEP instruction are also prohibited.

3. When the condition is specified to be occurred after execution, the instruction set with the
break condition is executed and then the break is generated prior to the execution of the next
instruction. As with pre-execution breaks, this cannot be used with overrun fetch instructions.
When this kind of break is set for a delay branch instruction, the break is generated at the
instruction that then first accepts the break.

4. When an instruction fetch cycle is set for channel B, break data register B (BDRB) is ignored.
There is thus no need to set break data for the break of the instruction fetch cycle.

7.3.3 Break by Data Access Cycle

1. The memory cycles in which CPU data access breaks occur are from instructions.

2. The relationship between the data access cycle address and the comparison condition for
operand size are listed in table 7.2:

Table 7.2  Data Access Cycle Addresses and Operand Size Comparison Conditions

Access Size Address Compared

Longword Compares break address register bits 31-2 to address bus bits 31-2
Word Compares break address register bits 31-1 to address bus bits 31-1
Byte Compares break address register bits 31-0 to address bus bits 31-0

This means that when address H'00001003 is set without specifying the size condition, for
example, the bus cycle in which the break condition is satisfied is as follows (where other
conditions are met).

Longword access at H'00001000
Word access at H'00001002
Byte access at H'00001003
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When the data value is included in the break conditions on B channel:

When the data value is included in the break conditions, either longword, word, or byte is
specified as the operand size of the break bus cycle registers (BBRA and BBRB). When datz
values are included in break conditions, a break is generated when the address conditions al
data conditions both match. To specify byte data for this case, set the same data in two byte
bits 15—-8 and bits 7—0 of the break data register B (BDRB) and break data mask register B
(BDMRB). When word or byte is set, bits 31-16 of BDRB and BDMRB are ignored.

When the DMAC data access is included in the break condition:

When the address is included in the break condition on DMAC data access, the operand siz¢
the break bus cycle registers (BBRA and BBRB) should be byte, word or no specified operar
size. When the data value is included, select either byte or word.

7.34 Sequential Break

By specifying SEQ in BRCR is set to 1, the sequential break is issued when channel B breal
condition matches after channel A break condition matches. A user break is ignored even if
channel B break condition matches before channel A break condition matches. When chann
A and B condition match at the same time, the sequential break is not issued.

In sequential break specification, internal/X/Y bus can be selected and the execution times
break condition can be also specified. For example, when the execution times break conditio
is specified, the break condition is satisfied at channel B condition match with BETR = H'000
after channel A condition match.

7.3.5 Value of Saved Program Counter

The PC when a break occurs is saved to the SPC in user breaks. The PC value saved is as follc
depending on the type of break.

1.

When instruction fetch (before instruction execution) is specified as a break condition:

The value of the program counter (PC) saved is the address of the instruction that matches t
break condition. The fetched instruction is not executed, and a break occurs before it.

When instruction fetch (after instruction execution) is specified as a break condition:

The PC value saved is the address of the instruction to be executed following the instruction
which the break condition matches. The fetched instruction is executed, and a break occurs
before the execution of the next instruction.

When data access (address only) is specified as a break condition:

The PC value is the address of the instruction to be executed following the instruction that
matched the break condition. The instruction that matched the condition is executed and the
break occurs before the next instruction is executed.
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. When data access (address + data) is specified as a break condition:

The PC value is the start address of the instruction that follows the instruction already execute
when break processing started up. When a data value is added to the break conditions, the
place where the break will occur cannot be specified exactly. The break will occur before the
execution of an instruction fetched around the data access where the break occurred.

7.3.6 PC Trace

1. Setting PCTE in BRCR to 1 enables PC traces. When branch (branch instruction, repeat, and

interrupt) is generated, the address from which the branch source address can be calculated :
the branch destination address are stored in BRSR and BRDR, respectively. The branch
address and the pointer, which corresponds to the branch, are included in BRSR.

. The branch address before branch occurs can be calculated from the address and the pointel
stored in BRSR. The expression from BSA (the address in BRSR), PID (the pointer in BRSR),
and IA (the instruction address before branch occurs) is as follows: IA = BSA — 2 * PID.

Notes are needed when an interrupt (a branch) is issued before the branch destination
instruction is executed. In case of the next figure, the instruction “Exec” executed immediately
before branch is calculated by IA = BSA — 2 * PID. However, when branch “branch” has delay
slot and the destination address is 4n + 2 address, the address “Dest” which is specified by
branch instruction is stored in BRSR (Dest = BSA). Therefore, as IA = BSA — 2 * PID is not
applied to this case, this PID is invalid. The case where BSA is 4n + 2 boundary is applied onl
to this case and then some cases are classified as follows:

Exec: branch Dest

Dest:instr (not executed)
interrupt

Int: interrupt routine

If the PID value is odd, instruction buffer indicates PID+2 buffer. However, these expressions
in this table are accounted for it. Therefore, the true branch source address is calculated with
BSA and PID values stored in BRSR.

. The branch address before branch occurrence, IA, has different values due to some kinds of
branch.

a. Branch instruction
The branch instruction address
b. Interrupt
The last instruction executed before interrupt
The top address of interrupt routine is stored in BRDR.
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4. BRSR and BRDR have eight pairs of queue structures. The top of queues is read first when
address stored in the PC trace register is read. BRSR and BRDR share the read pointer. Re
BRSR and BRDR in order, the queue only shifts after BRDR is read. When reading BRDR,
longword access should be used. Also, the PC trace has a trace pointer, which initially points
the bottom of the queues. The first pair of branch addresses will be stored at the bottom of tk
gueues, then push up when next pairs come into the queues. The trace pointer will points to
next branch address to be executed, unless it got push out of the queues. When the branch
address has been executed, the trace pointer will shift down to next pair of addresses, until i
reaches the bottom of the queues. After switching the PCTE bit (in BRCR) off and on, the
values in the queues are invalid. The read pointer stay at the position before PCTE is switche
but the trace pointer restart at the bottom of the queues.

7.3.7 Usage Examples
Break Condition Specified to a CPU Instruction Fetch Cycle

1. Register specifications

BARA = H'00000404, BAMRA = H'00000000, BBRA = H'0054, BARB = H'00008010,
BAMRB = H'00000006, BBRB = H'0054, BDRB = H'00000000, BDMRB = H'00000000,
BRCR = H'00300400

Specified conditions: Channel A/channel B independent mode
» Channel A
Address:  H'00000404, Address mask: H'00000000
Bus cycle: CPUlinstruction fetch (after instruction execution)/read (operand size is not
included in the condition)
No ASID check is included

 Channel B
Address: H'00008010, Address mask: H'00000006
Data: H'00000000, Data mask: H'00000000

Bus cycle: CPU/instruction fetch (before instruction execution)/read (operand size is not
included in the condition)

No ASID check is included

A user break occurs after an instruction of address H'00000404 is executed or before
instructions of adresses H'00008010 to H'00008016 are executed.
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2. Register specifications

BARA = H'00037226, BAMRA = H'00000000, BBRA = H'0056, BARB = H'0003722E,
BAMRB = H'00000000, BBRB = H'0056, BDRB = H'00000000, BDMRB = H'00000000,
BRCR = H'00000008, BASRA = H'80, BASRB = H'70

Specified conditions: Channel A/channel B sequence mode
e Channel A

Address:  H'00037226, Address mask: H'00000000, ASID = H'80

Bus cycle: CPU/instruction fetch (before instruction execution)/read/word
e Channel B

Address:  H'0003722E, Address mask: H'00000000, ASID = H'70

Data: H'00000000, Data mask: H'00000000

Bus cycle: CPU/instruction fetch (before instruction execution)/read/word

An instruction with ASID = H'80 and address H'00037226 is executed, and a user break occut
before an instruction with ASID = H'70 and address H'0003722E is executed.

3. Register specifications

BARA = H'00027128, BAMRA = H'00000000, BBRA = H'005A, BARB = H'00031415,
BAMRB = H'00000000, BBRB = H'0054, BDRB = H'00000000, BDMRB = H'00000000,
BRCR = H'00300000

Specified conditions: Channel A/channel B independent mode
e Channel A
Address: H'00027128, Address mask: H'00000000
Bus cycle: CPU/instruction fetch (before instruction execution)/write/word
No ASID check is included
e Channel B
Address: H'00031415, Address mask: H'00000000
Data: H'00000000, Data mask: H'00000000

Bus cycle: CPU/instruction fetch (before instruction execution)/read (operand size is not
included in the condition)

No ASID check is included

On channel A, no user break occurs since instruction fetch is not a write cycle. On channel B,
no user break occurs since instruction fetch is performed for an even address.
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4. Register specifications

BARA = H'00037226, BAMRA = H'00000000, BBRA = H'005A, BARB = H'0003722E,
BAMRB = H'00000000, BBRB = H'0056, BDRB = H'00000000, BDMRB = H'00000000,
BRCR = H'00000008, BASRA = H'80, BASRB = H'70

Specified conditions: Channel A/channel B sequence mode
* Channel A

Address:  H'00037226, Address mask: H'00000000, ASID: H'80

Bus cycle: CPU/instruction fetch (before instruction execution)/write/word
 Channel B

Address:  H'0003722E, Address mask: H'00000000, ASID: H'70

Data: H'00000000, Data mask: H'00000000

Bus cycle: CPU/instruction fetch (before instruction execution)/read/word

Since instruction fetch is not a write cycle on channel A, a sequence condition does not matc
Therefore, no user break occurs.

5. Register specifications

BARA = H'00000500, BAMRA = H'00000000, BBRA = H'0057, BARB = H'00001000,
BAMRB = H'00000000, BBRB = H'0057, BDRB = H'00000000, BDMRB = H'00000000,
BRCR = H'00300001, BETR = H'0005

Specified conditions: Channel A/channel B independent mode
* Channel A
Address:  H'00000500, Address mask: H'00000000
Bus cycle: CPUlinstruction fetch (before instruction execution)/read/longword
 Channel B
Address:  H'00001000, Address mask: H'00000000
Data: H'00000000, Data mask: H'00000000
Bus cycle: CPU/instruction fetch (before instruction execution)/read/longword
The number of execution-times break enable (5 times)

On channel A, a user break occurs before an instruction of address H'00000500 is executed.
channel B, a user break occurs before the fifth instruction execution after instructions of
address H'00001000 are executed four times.
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6. Register specifications

BARA = H'00008404, BAMRA = H'00000FFF, BBRA = H'0054, BARB = H'00008010,
BAMRB = H'00000006, BBRB = H'0054, BDRB = H'00000000, BDMRB = H'00000000,
BRCR = H'00000400, BASRA = H'80, BASRB = H'70

Specified conditions: Channel A/channel B independent mode
e Channel A
Address:  H'00008404, Address mask: H'00000FFF

Bus cycle: CPU/instruction fetch (after instruction execution)/read (operand size is not
included in the condition)

« Channel B
Address: H'00008010, Address mask: H'00000006, ASID: H'70
Data: H'00000000, Data mask: H'00000000

Bus cycle: CPU/instruction fetch (before instruction execution)/read (operand size is not
included in the condition)

A user break occurs after an instruction with ASID = H'80 and address H'00008000 to
H'00008FFE is executed or before instructions with ASID = H'70 and addresses H'00008010 t
H'00008016 are executed.

Break Condition Specified to a CPU Data Access Cycle

1. Register specifications

BARA = H'00123456, BAMRA = H'00000000, BBRA = H'0064, BARB = H'0O00ABCDE,
BAMRB = H'000000FF, BBRB = H'006A, BDRB = H'0000A512, BDMRB = H'00000000,
BRCR = H'00000080, BASRA = H'80, BASRB = H'70

Specified conditions: Channel A/channel B independent mode
e Channel A

Address:  H'00123456, Address mask: H'00000000

Bus cycle: CPU/data access/read (operand size is not included in the condition)
e Channel B

Address:  H'000ABCDE, Address mask: H'000000FF, ASID: H'70

Data: H'0000A512, Data mask: H'00000000

Bus cycle: CPU/data access/write/word

On channel A, a user break occurs with ASID = H'80 during longword read to address
H'00123454, word read to address H'00123456, or byte read to address H'00123456. On
channel B, a user break occurs with ASID = H'70 when word H'A512 is written in addresses
H'000ABCO00 to H'0O00ABCFE.
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Break Condition Specified to a DMAC Data Access Cycle

1. Register specifications:

BARA = H'00314156, BAMRA = H'00000000, BBRA = H'0094, BARB = H'00055555,
BAMRB = H'00000000, BBRB = H'00A9, BDRB = H'00000078, BDMRB = H'0000000F,
BRCR = H'00000080, BASRA = H'80, BASRB = H'70

Specified conditions: Channel A/channel B independent mode
» Channel A

Address:  H'00314156, Address mask: H'00000000, ASID: H'80

Bus cycle: DMAC!/instruction fetch/read (operand size is not included in the condition)
 Channel B

Address:  H'00055555, Address mask: H'00000000, ASID: H'70

Data: H'00000078, Data mask: H'0000000F

Bus cycle: DMAC/data access/write/byte

On channel A, no user break occurs since instruction fetch is not performed in DMAC cycles
On channel B, a user break occurs with ASID = H'70 when the DMAC writes byte H'7* in
address H'00055555.

7.3.8 Notes

1. Only CPU can read/write UBC registers.

2. UBC cannot monitor CPU and DMAC access in the same channel.

3. Notes in specification of sequential break are described below:

a. A condition match occurs when B-channel match occurs in a bus cycle after an A-channe
match occurs in another bus cycle in sequential break setting. Therefore, no condition
match occurs even if a bus cycle, in which an A-channel match and a channel B match
occur simultaneously, is set.

b. Since the CPU has a pipeline configuration, the pipeline determines the order of an
instruction fetch cycle and a memory cycle. Therefore, when a channel condition matche:
in the order of bus cycles, a sequential condition is satisfied.

c. When the bus cycle condition for channel A is specified as a break before execution
(PCBA =0 in BRCR) and an instruction fetch cycle (in BBRA), the attention is as follows.
A break is issued and condition match flags in BRCR are set to 1, when the bus cycle
conditions both for channels A and B match simultaneously.

4. The change of a UBC register value is executed in MA (memory access) stage. Therefore, e
if the break condition matches in the instruction fetch address following the instruction in
which the pre-execution break is specified as the break condition, no break occurs. In order t
know the timing UBC register is changed, read the last written register. Instructions after thet
are valid for the newly written register value.
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. The branch instruction should not be executed as soon as PC trace register BRSR and BRDF
are read.

. When PC breaks and TLB exceptions or errors occur in the same instruction. The priority is a
follows:
a. Break and instruction fetch exceptions: Instruction fetch exception occurs first.

b. Break before execution and operand exception: Break before execution occurs first.
c. Break after execution and operand exception: Operand exception occurs first.
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Section 8 Power-Down Modes

8.1 Overview

In the power-down modes, all CPU and some on-chip supporting module functions are halted.
This lowers power consumption.

8.1.1 Power-Down Modes

The SH7709A has three power-down modes:

1.
2.
3.

4.

Sleep mode
Standby mode

Module standby function (TMU, RTC, SCI, UBC, DMAC, DAC, SCIF, and IrDA on-chip
supporting modules)

Hardware standby mode

Table 8.1 shows the transition conditions for entering the modes from the program execution ste
as well as the CPU and supporting module states in each mode and the procedures for cancelir
each mode.
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Table 8.1 Power-Down Modes

State
CPU On-Chip

Transition Reg- On-Chip Peripheral External  Canceling
Mode Conditions CPG CPU ister Memory Modules Pins Memory Procedure
Sleep Execute SLEEP Runs Halts Held Held Run Held Refresh 1. Interrupt
mode instruction with (Reg- 2 Reset

STBY bit cleared ister: '

to 0 in STBCR held)
Standby Execute SLEEP Halts Halts Held Held Halt** Held Self- 1. Interrupt
mode |nstruct|9n with _(Reg- refresh 2. Reset

STBY bit set to ister:

1in STBCR held)
Module  Set MSTP bitof Runs Runs Held Held Specified  *2 Refresh 1. Clear MSTP
standby  STBCR and *4 module bit to 0
function  STBCR2to 1 halts 2. Reset
Hardware Drive CA pinlow Halts Halts Held Held Halt*® Held Self- Power-on reset
standby refresh
mode

Notes: *1 The RTC still runs if the START bit in RCR2 is set to 1 (see section 13, Realtime Clock
(RTC)). TMU still runs when output of the RTC is used as input to its counter (see
section 12, Timer (TMU)).

*2 Depends on the on-chip supporting module.

TMU external pin: Held

SCI external pin: Reset
*3 The RTC still runs if the START bit in RCR2 is set to 1. TMU does not run.
*4 The CPU halts when sleep mode is entered.

8.1.2 Pin Configuration
Table 8.2 lists the pins used for the power-down modes.

Table 8.2  Pin Configuration

Pin Name Symbol I/O  Description

Processing state 1 STATUS1 O Operating state of the processor.

Processing state 0 STATUSO HH: Reset, HL: Sleep mode, LH: Standby mode, LL:
Normal operation

Wakeup from WAKEUP O Low active assert after accepting wakeup interrupt in
standby mode standby mode until returning to normal operation with WDT
overflow

Note: H means high level, and L means low level.

182
HITACHI



8.1.3 Register Configuration
Table 8.3 shows the configuration of the control register for the power-down modes.

Table 8.3  Register Configuration

Name Abbreviation R/W Initial Value Address Access Size

Standby control register STBCR R/W H'00* H'FFFFFF82 8

Standby control register 2 STBCR2 R/W H'00* H'FFFFFF88 8

Note: * Initialized by power-on resets. This value is not initialized by manual resets but the contents
are held.

8.2 Register Description

8.2.1 Standby Control Register (STBCR)

The standby control register (STBCR) is an 8-bit read/write register that sets the power-down
mode. The STBCR is initialized to H'00 by a power-on reset. Always set bits 6—3 to 0 when
writing to the STBCR register.

Bit. 7 6 5 4 3 2 1 0
sy | — | — | — | — | wMsTP2| MSTPL| MSTPO|
Initial value: 0 0 0 0 0 0 0 0
RW:  R/W R R R R RW  RW  RW

Bit 7—Standby (STBY): Specifies transition to standby mode.

Bit 7: STBY Description
0 Executing SLEEP instruction puts the chip into sleep mode. (Initial value)
1 Executing SLEEP instruction puts the chip into standby mode.

Bits 6 to 3—ReservedThese bits are always read as 0. The write value should always be 0.

Bit 2—Module Standby 2 (MSTP2):Specifies halting the clock supply to the timer unit TMU
(an on-chip supporting module). When the MSTP2 bit is set to 1, the supply of the clock to the
TMU is halted.

Bit 2: MSTP2 Description
0 TMU runs. (Initial value)
1 Clock supply to TMU is halted.
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Bit 1—Module Standby 1 (MSTP1):Specifies halting the clock supply to the realtime clock

RTC (an on-chip supporting module). When the MSTP1 bit is set to 1, the supply of the clock to
RTC is halted. When the clock halts, all RTC registers become inaccessible, but the counter kee|
running.

Bit 1: MSTP1 Description
0 RTC runs. (Initial value)
1 Clock supply to RTC is halted.

Bit 0—Module Standby 0 (MSTPO0):Specifies halting the clock supply to the serial
communication interface SCI (an on-chip supporting module). When the MSTPO bit is set to 1, th
supply of the clock to the SCI is halted.

Bit 0: MSTPO Description
0 SCI operates. (Initial value)
1 Clock supply to SCI is halted.

8.2.2 Standby Control Register 2 (STBCR2)

The standby control register 2 (STBCR2) is a read/write 8-bit register that sets the power-down
mode. The STBCR2 is initialized to H'00 during a power-on reset.

Bitt 7 6 5 4 3 2 1 0
| — | MDCHG| MSTP8 | MSTP7| MSTP6 | MSTP5 | MSTP4| MSTP3 |
Initial value: 0 0 0 0 0 0 0 0
RW: R RW RW RW RW RW RW RW

Bit 7—Reserved: This bit is always read as 0. The write value should always be 0.

Bit 6—Pin MD5 to MDO Control (MDCHG): Specifies whether or not pins MD5 to MDO are
changed in standby mode. When this bit is set to 1, the MD5 to MDO pin values are latched wher
returning from standby mode by means of a reset or interrupt.

Bit 6: MDCHG Description

0 Pins MD5 to MDO are not changed in standby mode (Initial value)
1 Pins MD5 to MDO are changed in standby mode
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Bit 5— Module Stop 8 (MSTP8):Specifies halting the clock supply to the user break controller
UBC (an on-chip supporting module). When the MSTP8 bit is set to 1, the supply of the clock to
the UBC is halted.

Bit 5: MSTP8 Description
0 UBC runs (Initial value)
1 Clock supply to UBC is halted

Bit 4—Module Stop 7 (MSTP7):Specifies halting of clock supply to the DMAC (an on-chip
peripheral module). When the MSTP7 bit is set to 1, the supply of the clock to the DMAC is
halted.

Bit 4: MSTP7 Description
0 DMAC runs (Initial value)
1 Clock supply to DMAC halted

Bit 3—Module Stop 6 (MSTP6):Specifies halting of clock supply to the DAC (an on-chip
peripheral module). When the MSTP6 bit is set to 1, the supply of the clock to the DAC is halted

Bit 3: MSTP6 Description
0 DAC runs (Initial value)
1 Clock supply to DAC halted

Bit 2—Module Stop 5 (MSTP5):Specifies halting of clock supply to the ADC (an on-chip
peripheral module). When the MSTP5 bit is set to 1, the supply of the clock to the ADC is haltec

Bit 2: MSTP5 Description
0 ADC runs (Initial value)
1 Clock supply to ADC halted

Bit 1—Module Stop 4 (MSTP4): Specifies halting the clock supply to the serial communication
interface with FIFO (an on-chip peripheral module). When the MSTP1 bit is set to 1, the supply
the clock to the SCIF is halted and all registers are initialized.

Bit 1: MSTP4 Description
0 SCIF runs (Initial value)
1 Clock supply to SCIF halted and all registers initialized
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Bit 0—Module Stop 3 (MSTP3): Specifies halting the clock supply to the infrared data
association interface with FIFO (an on-chip peripheral module). When the MSTP1 bit is set to 1,
the supply of the clock to the IrDA is halted.

Bit 0: MSTP3 Description
0 IrDA runs (Initial value)
1 Clock supply to IrDA halted

8.3 Sleep Mode

8.3.1 Transition to Sleep Mode

Executing the SLEEP instruction when the STBY bit in STBCR is 0 causes a transition from the
program execution state to sleep mode. Although the CPU halts immediately after executing the
SLEEP instruction, the contents of its internal registers remain unchanged. The on-chip supportir
modules continue to run during sleep mode and the clock continues to be output to the CKIO pin
In sleep mode, the STATUS1 pin is set high and the STATUSO pin low.

8.3.2 Canceling Sleep Mode

Sleep mode is canceled by an interrupt (NMI, IRQ, IRL, on-chip supporting module, PINT) or
reset. Interrupts are accepted during sleep mode even when the BL bit in the SR register is 1. If
necessary, save SPC and SSR in the stack before executing the SLEEP instruction.

Canceling with an Interrupt: When an NMI, IRQ, IRL or on-chip supporting module or PINT
interrupt occurs, sleep mode is canceled and interrupt exception processing is executed. A code
indicating the interrupt source is set in the INTEVT and INTEVT2 registers.

Canceling with a ResetSleep mode is canceled by a power-on reset or a manual reset.
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8.4 Standby Mode

8.4.1 Transition to Standby Mode

To enter standby mode, set the STBY bit to 1 in STBCR, then execute the SLEEP instruction. T
chip moves from the program execution state to standby mode. In standby mode, power
consumption is greatly reduced by halting not only the CPU, but the clock and on-chip supportin
modules as well. The clock output from the CKIO pin also halts. CPU and cache register conten
are held, but some on-chip supporting modules are initialized. Table 8.4 lists the states of regist
in standby mode.

Table 8.4  Register States in Standby Mode

Module Registers Initialized Registers Retaining Data
Interrupt controller (INTC) — All registers

On-chip clock pulse generator (CPG) — All registers

User Break controller (UBC) — All registers

Bus state controller (BSC) — All registers

Timer unit (TMU) TSTR register Registers other than TSTR
Realtime clock (RTC) — All registers

A/D converter (ADC) All registers —

D/A converter (DAC) — All registers

The procedure for moving to standby mode is as follows:

1. Clear the TME bit in the WDT’s timer control register (WTCSR) to 0 to stop the WDT. Set the
WDT's timer counter (WTCNT) and the CKS2—-CKSO0 bits of the WTCSR register to
appropriate values to secure the specified oscillation settling time.

2. When PLL circuit 1 is running in clock modes 3, 4, clear the PSTBY and PLLEN bits in the
frequency control register (FRQCR) to O to stop PLL circuit 1.

3. After the STBY bit in the STBCR register is set to 1, a SLEEP instruction is executed.

4. Standby mode is entered and the clocks within the chip are halted. The STATUS1 pin outpuf
goes low and the STATUSO pin output goes high.
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8.4.2 Canceling Standby Mode

Standby mode is canceled by an interrupt (NMI, IRQ, IRL, PINT, or on-chip supporting module)
or a reset.

Canceling with an Interrupt: The on-chip WDT can be used for hot starts. When the chip detects
an NMI, IRL, IRQ, PINT;L or on-chip supporting module (except the interval tifeinterrupt,

the clock will be supplied to the entire chip and standby mode canceled after the time set in the
WDT'’s timer control/status register has elapsed. The STATUS1 and STATUSO pins both go low.
Interrupt processing then begins and a code indicating the interrupt source is set in the INTEVT
and INTEVT2 registers. After branching to the interrupt processing routine occurs, clear the
STBY bit in the STBCR register. The WTCNT stops automatically. If the STBY bit is not cleared,
WTCNT continues operation and transits to the standby Maudeen it reaches H'80. At this

time, a manual reset is not accepted while the WDT is running. Interrupts are accepted during
standby mode even when the BL bit in the SR register is 1. If necessary, save SPC and SSR in tl
stack before executing the SLEEP instruction. Immediately after an interrupt is detected, the pha:
of the clock output of the CKIO pin may be unstable, until the processor starts interrupt
processing. (The canceling condition is that the IRL3—IRLO level is higher than the mask level in
the 13—10 bits in the SR register.)

Notes: *1 When the RTC is being used, standby mode can be canceled using IRL3—-IRLO, IRQ4-
IRQO, PINTO-PINT15.
*2 Standby mode can be canceled with an RTC or TMU (only when running on the RTC
clock) interrupt.

*3 Use a power-on reset to cancel standby mode.
Operation is not guaranteed in the case of a manual reset or interrupt input.

Interrupt WDT overflow and branch to
request interrupt handling routine
Crystal oscillator settling Clear bit STBCR.STBY before
time and PLL synchronization WTCNT reaches H'80. When
time STBCR.STBY is cleared, WTCNT
WTCNT value * halts automatically.
A - > >

HFF

H'80

P Time

Figure 8.1 Canceling Standby Mode with STBCR.STBY
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Canceling with a ResetStandby mode can be canceled with a reset (power-on or manual). Keey
the RESETP pin andRESETM pin low until the clock oscillation settles. The internal clock will
continue to be output to the CKIO pin.

8.4.3 Clock Pause Function

In standby mode, the clock input from the EXTAL pin or CKIO pin can be halted and the
frequency can be changed. This function is used as follows:

1.
2.

Enter standby mode using the appropriate procedures.

Once standby mode is entered and the clock stopped within the chip, the STATUS1 pin outp
is low and the STATUSO pin output is high.

Once the STATUSL1 pin goes low and the STATUSO pin goes high, the input clock is stoppet
or the frequency is changed.

When the frequency is changed, an NRL,, IRQ, PINT or on-chip supporting module

(except the internal timer) interrupt is input after the change. When the clock is stopped, the
same interrupts are input after the clock is applied.

After the time set in the WDT has elapsed, the clock starts being applied internally within the
chip, the STATUS1-STATUSO pins both go low, interrupts are handled, and operation
resumes.
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8.5 Module Standby Function

8.5.1 Transition to Module Standby Function

Setting the standby control register MSTP8-MSTPO bits to 1 halts the supply of clocks to the
corresponding on-chip supporting modules. This function can be used to reduce the power
consumption in sleep mode. The module standby function holds the state prior to halt of the
external pins of the on-chip supporting modules. TMU external pins hold their state prior to the
halt. SCI external pins go to the reset state. With a few exceptions, all registers hold their values.

Bit Value Description
MSTP8 0 UBC runs.
1 Supply of clock to UBC halted.
MSTP7 0 DMAC runs.
1 Supply of clock to DMAC halted.
MSTP6 0 DAC runs.
1 Supply of clock to DAC halted.
MSTPS 0 ADC runs.
1 Supply of clock to ADC halted, and all registers initialized.
MSTP4 0 SCIF runs.
1 Supply of clock to SCIF halted.
MSTP3 0 IRDA runs.
1 Supply of clock to IRDA halted.
MSTP2 0 TMU runs.
1 Supply of clock to TMU halted. Registers initialized.*1
MSTP1 0 RTC runs.
1 Supply of clock to RTC halted. Register access prohibited.”2
MSTPO 0 SCI runs.
1 Supply of clock to SCI halted.

Notes: *1 The registers initialized are the same as in the standby mode (table 8.4).
*2 The counter runs.
8.5.2 Clearing the Module Standby Function

The module standby function can be cleared by clearing the MSTP8-MSTPO bits to 0, or by a
power-on reset or manual reset.
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8.6 Timing of STATUS Pin Changes

The timing of STATUS1 and STATUSO pin changes is shown in figures 8.2 through 8.10.

8.6.1 Timing for Resets

Power-On Reset (Clock Modes 0, 1, 2, and 7):

— | |
'PLL settling } |
. | time } }
RESETP ! | }
| | |
o i
|
STATUS Normal ‘ | Reset Normal
na— A
| } | |
[ — 1 | | !
RESETOUT \ | |
.
0to 5 Beyc 0 to 30 Beyc

Note: Reset: HH (STATUSL1 high, STATUSO high)
Normal: LL (STATUSL1 low, STATUSO low)
Bcyc:  Bus clock cycle

Figure 8.2 Power-On Reset (Clock Modes 0, 1, 2, and 7) STATUS Output
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Power-On Reset (Clock Modes 3 and 4):

| | | |
RESETP - |
| | | |
1 1 1 1
STATUS Normal | ‘ | Reset ‘ Normal
B A
| | | |
- 1 1 } ‘
RESETOUT } ! 1 ‘
-~ - >
0to 5 Bcyc 0 to 30 Beyc

Note: Reset: HH (STATUSL1 high, STATUSO high)
Normal: LL (STATUSL1 low, STATUSO low)
Bcyc:  Bus clock cycle

Figure 8.3 Power-On Reset (Clock Modes 3 and 4) STATUS Output

Manual Reset:

| | | |
RESETM j i j i
| | | |
| | | |
TAT Normal ‘ ‘ | Reset ‘ Normal
s R S A
| | | |
S I : ‘
RESETOUT | ! | ‘
| | | |
> e >
0 Bcyc or more* 0 to 30 Beyc

Note: * During manual reset, STATUS becomes HH (reset) and the internal
reset begins after waiting for the executing bus cycle to end.

Reset: HH (STATUSL1 high, STATUSO high)
Normal: LL (STATUSL1 low, STATUSO low)
Bcyc:  Bus clock cycle

Figure 8.4 Manual Reset STATUS Output
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8.6.2 Timing for Canceling Standbys

Standby to Interrupt:

Oscillation stops Interrupt request WDT overflow

ckio _[ L[ LI l *ﬂTﬂﬁﬂET‘L}_LJT_IT

WDT count

|
|
3
>< Normal

T
|
|
STATUS Normal X Standby
|
|

WAKEUP

Note: Standby: LH (STATUS1 low, STATUSO high)
Normal: LL (STATUSL1 low, STATUSO low)

Figure 8.5 Standby to Interrupt STATUS Output

Standby to Power-On Reset:

Oscillation stops  Reset

l |

T
| ‘ |
\ ‘ \
RESETP *1 | L | |
\ ‘ | ‘ \
1 N 1 |
[ ‘ [
STATUS Normal >< Standby : Reset | ><Norma|
| — —
0 to 10 Beyc 0 to 30 Beyc

Notes: *1 When standby mode is cleared with a power-on reset, the WDT does not
count. Keep RESETP low during the PLLs oscillation settling time.
*2 Undefined

Reset:  HH (STATUSL1 high, STATUSO high)
Standby: LH (STATUSL1 low, STATUSO high)
Normal: LL (STATUS1 low, STATUSO low)
Bcyc: Bus clock cycle

Figure 8.6 Standby to Power-On Reset STATUS Output
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Standby to Manual Reset:

Oscillation stops Reset

cmo__fl_ri_f% *ﬂTTHTﬁﬁH FTQST_(W&YI_FI_rI_FIJ

| |
| |
RESETM* | | i i
| |
| |

STATUS Normal >< Standby >:< Reset : Normal
| 0 to 20 Beyc ‘

Note: * When standby mode is cleared with a manual reset, the WDT does not count.
Keep RESETM low during the PLLs oscillation settling time.

Reset:  HH (STATUS1 high, STATUSO high)
Standby: LH (STATUSL1 low, STATUSO high)
Normal: LL (STATUS1 low, STATUSO low)
Bcyc: Bus clock cycle

Figure 8.7 Standby to Manual Reset STATUS Output

8.6.3 Timing for Canceling Sleep Mode

Sleep to Interrupt:

Interrupt request

Note: Sleep: HL (STATUSL1 high, STATUSO low)
Normal: LL (STATUS1 low, STATUSO low)

Figure 8.8 Sleep to Interrupt STATUS Output
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Sleep to Power-On Reset:

Reset

|

CKIO M_ﬂ_ﬂ_ﬂ_mmw

| |

\ ‘ \

RESETP *1 | L | |

|
| o i |
| | | ; }
STATUS Normal >< Sleep : Reset | X Normal

| o —

0to 10 Becyc 0 to 30 Beyc

Notes: *1 When the PLL1’s multiplication ratio is changed by a power-on reset,

keep RESETP low during the PLLs oscillation settling time.
*2 Undefined

Reset: HH (STATUSL1 high, STATUSO high)
Sleep: HL (STATUSL1 high, STATUSO low)
Normal: LL (STATUS1 low, STATUSO low)
Bcyc:  Bus clock cycle

Figure 8.9 Sleep to Power-On Reset STATUS Output

Sleep to Manual Reset:

Reset
CKIO )) [)) ))

| | | | |

| | | | |
RESETM* } | \ | }

: : o :

: : J— :
STATUS Normal X | Slee ‘ | Reset ' Normal

A LD a= A

0 to 80 Beyc 0 to 30 Beyc

Note: * Keep RESETM low until STATUS becomes reset.

Reset: HH (STATUS1 high, STATUSO high)
Sleep: HL (STATUSL1 high, STATUSO low)
Normal: LL (STATUS1 low, STATUSO low)
Bcyc:  Bus clock cycle

Figure 8.10 Sleep to Manual Reset STATUS Output
195

HITACHI




8.7 Hardware Standby Function

8.7.1 Transition to Hardware Standby Mode

Driving the CA pin low causes a transition to hardware standby mode. In hardware standby mode
all modules except those operating on an RTC clock are halted, as in the standby mode entered
execution of a SLEEP instruction ((software) standby mode).

Hardware standby mode differs from (software) standby mode as follows.

1. Interrupts and manual resets are not accepted.
2. The TMU does not operate.

Operation when a low-level signal is input at the CA pin depends on the CPG state, as follows.

1. In standby mode

The clock remains stopped and the chip enters the hardware standby state. Acceptance of
interrupts and manual resets is disabled, TCLK output is fixed low, and the TMU halts.

2. During WDT operation when standby mode is canceled by an interrupt

The chip enters hardware standby mode after standby mode is canceled and the CPU resume
operation.

3. In sleep mode

The chip enters hardware standby mode after sleep mode is canceled and the CPU resumes
operation.

4. During PLL standby (see section 9.6 for the PLL Standby Function)
The chip enters hardware standby mode after the PLL turned off.

Hold the CA pin low in hardware standby mode.
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8.7.2 Canceling Hardware Standby Mode
Hardware standby mode can only be canceled by a power-on reset.

When the CA pin is driven high while tlRESETP pin is low, clock oscillation is started. Hold
the RESETP pin low until clock oscillation stabilizes. When tRESETP pin is driven high, the
CPU begins power-on reset processing.

If an interrupt or manual reset is input, correct operation cannot be guaranteed.

8.7.3 Hardware Standby Mode Timing
Figures 8.10 and 8.11 show examples of pin timing in hardware standby mode.

The CA pin is sampled using EXTALZ2 (32.768 kHz), and a hardware standby request is only
recognized when the pin is low for two consecutive clock cycles.

The CA pin must be held low while the chip is in hardware standby mode.

Clock oscillation starts when the CA pin is driven high aftelRBSETP pin is driven low.

Rcyc: EXTAL2 (32.768 kHz) cycle

| |
| |
CKIO HERNRRNRERERERNRENEEEY ) HENRNRNRNRERNRRNEEEY
| [(§ |
| |
| |
A T | —
| | o
RESETP | o | |
| | | |
1 | | |
STATUS ! normal ‘ standby ‘ UndefineM reset
p . —
2 Rcyc or more 0-10Bcyc

Note: Reset: HH (STATUSL high, STATUSO high)
Standby: LH (STATUSL1 low, STATUSO high)
Normal: LL (STATUS1 low, STATUSO low)
Bcyc: Bus clock cycle
Rcyc: EXTAL2 (32.768 kHz) cycle

Figure 8.11 Hardware Standby Mode
(When CA Goes Low in Normal Operation)
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|
| |
CKIO HENRNNRNNRNNRNERNNENE ) HENNRNRRRRRNRRNRENEE
| | € |
‘ | | |
o : :
|
CA T | | | ;
‘ ‘ 1 ! |
S - | o
RESETP | | m | |
o w ]
| | | | |
|
‘ | | [ ‘
STATUS Stangby X Normal >< Standby >‘<Undef|ned} Reset
| 3 i } ‘
|
WDT operation } 0-10 Beyc
< R
I !
2 Rcyc or more
Note: Reset: HH (STATUSL1 high, STATUSO high)
Standby: LH (STATUS1 low, STATUSO high)
Normal: LL (STATUS1 low, STATUSO low)
Bcyc: Bus clock cycle
Rcyc: EXTAL2 (32.768 kHz) cycle
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Section 9 On-Chip Oscillation Circuits

9.1 Overview

The on-chip oscillation circuits consist of a clock pulse generator (CPG) block and a watchdog
timer (WDT) block.

The CPG supplies all clocks to the processor and controls the power-down modes. The WDT is
single-channel timer that counts the clock settling time and is used when clearing standby mode
and temporary standbys, such as frequency changes. It can also be used as an ordinary watchc
timer or interval timer.

9.11 Features
The CPG has the following features:

« Six clock modes: Selection of six clock modes for different frequency ranges, power
consumption, direct crystal input, and external clock input.

e Three clocks generated independently: An internal clock for the CPU, cache, andp);leB (I
peripheral clock () for the on-chip supporting modules; and a bus clock (CKIO) for the
external bus interface.

< Frequency change function: Internal and peripheral clock frequencies can be changed
independently using the PLL circuit and divider circuit within the CPG. Frequencies are
changed by software using frequency control register (FRQCR) settings.

¢ PLL on/off function: Power consumption can be decreased by stopping the PLL circuit when
operating at low frequencies.

« Power-down mode control: The clock can be stopped for sleep mode and standby mode and
specific modules can be stopped using the module standby function.

The WDT has the following features:

e Can be used to ensure the clock settling time: Use the WDT to cancel standby mode and the
temporary standbys which occur when the clock frequency is changed.

« Can switch between watchdog timer mode and interval timer mode.

* Generates internal resets in watchdog timer mode: Internal resets occur after counter overflo
Selection of power-on reset or manual reset.

e Generates interrupts in interval timer mode: Internal timer interrupts occur after counter
overflow.

¢ Selection of eight counter input clocks. Eight clocks {0%x1/4096) can be obtained by
dividing the peripheral clock.
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9.2

9.21

Overview of the CPG

CPG Block Diagram

A block diagram of the on-chip clock pulse generator is shown in figure 9.1.

Clock pulse generator

Internal
™ clock (I¢)
Cycle = Icyc

Peripheral

"clock (Pg)

Cycle = Pcyc

. Standby

" control

cAP1 [X |
ivider
R I(DXLIi Cérc:;“t41 Divider 1
6o) [T
1 : > x 1/2
CKIO >
~ |Z ~J x 1/3 ™
Cycle = Bcyc x 1/4 |-»]
caAr2 [X x 1/6 [
Divider 2
Crystal _
XTAL IE oscillator g o> PLL circuit 2 X1 |
i (x1,4) x 1/2 |-
EXTAL [X] . > x 1/3 >
x 1/4 ¥
x 1/6 [
Iy i
CPG control unit
v
.| Clock frequency » Standby control
MD2 |X} “| control circuit circuit
mp1 [X T T
Mo [ FRQCR STBCR
JY JY
4 A 4
( Bus interface >
Internal bus
Legend:

FRQCR: Frequency control register
STBCR: Standby control register
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The clock pulse generator blocks function as follows:

1. PLL Circuit 1: PLL circuit 1 doubles, triples, quadruples, sextuples, octuples, or leaves
unchanged the input clock frequency from the CKIO terminal. The multiplication rate is set b
the frequency control register. When this is done, the phase of the leading edge of the intern
clock is controlled so that it will agree with the phase of the leading edge of the CKIO pin.

2. PLL Circuit 2: PLL circuit 2 leaves unchanged or quadruples the frequency of the crystal
oscillator or the input clock frequency coming from the EXTAL pin. The multiplication ratio is
fixed by the clock operation mode. The clock operation mode is set by pins MDO, MD1, and
MD?2. See table 9.3 for more information on clock operation modes.

3. Crystal Oscillator: This oscillator is used when a crystal oscillator element is connected to the
XTAL and EXTAL pins. It operates according to the clock operating mode setting.

4. Divider 1: Divider 1 generates a clock at the operating frequency used by the internal clock.
The operating frequency can be 1, 1/2, 1/3, 1/4, or 1/6 times the output frequency of PLL
circuit 1, as long as it stays at or above the clock frequency of the CKIO pin. The division rati
is set in the frequency control register.

5. Divider 2: Divider 2 generates a clock at the operating frequency used by the peripheral cloc
The operating frequencies can be 1, 1/2, 1/3, 1/4, or 1/6 times the output frequency of PLL
Circuit 1 or the clock frequency of the CKIO pin, as long as it stays at or below the clock
frequency of the CKIO pin. The division ratio is set in the frequency control register.

6. Clock Frequency Control Circuit: The clock frequency control circuit controls the clock
frequency using the MD pin and the frequency control register.

7. Standby Control Circuit: The standby control circuit controls the state of the clock pulse
generator and other modules during clock switching and sleep/standby modes.

8. Frequency Control Register: The frequency control register has control bits assigned for the
following functions: clock output/non-output from the CKIO pin, on/off control of PLL circuit
1, PLL standby, the frequency multiplication ratio of PLL 1, and the frequency division ratio
of the internal clock and the peripheral clock.

9. Standby Control Register: The standby control register has bits for controlling the power-dov
modes. See section 8, Power-Down Modes, for more information.
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9.2.2 CPG Pin Configuration
Table 9.1 lists the CPG pins and their functions.

Table 9.1 Clock Pulse Generator Pins and Functions

Pin Name Symbol /O Description

Mode control MDO I Set the clock operating mode.

pins MD1 |

MD2 |

Crystal I/O pins XTAL O  Connects a crystal oscillator.

(clock input pins) EXTAL I Connects a crystal oscillator. Also used to input an external
clock.

Clock 1/0 pin CKIO I/O Inputs or outputs an external clock. Level can be fixed during
output.

Capacitor CAP1 Connects capacitor for PLL circuit 1 operation (recommended

connection pins value 470 pF).

for PLL CAP2 Connects capacitor for PLL circuit 2 operation (recommended

value 470 pF).

9.2.3 CPG Register Configuration
Table 9.2 shows the CPG register configuration.

Table 9.2  Register Configuration

Initial
Register Name Abbreviation R/W Value Address Access Size
Frequency control register FRQCR R/W  H'0102 H'FFFFFF80 16
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9.3 Clock Operating Modes

Table 9.3 shows the relationship between the mode control pin (MD2-MDO0) combinations and t
clock operating modes. Table 9.4 shows the usable frequency ranges in the clock operating mo

Table 9.3  Clock Operating Modes

Pin Values Clock I/0 PLL2 PLL1 Divider 1 Divider 2 CKIO
ModeMD2MD1MDO Source Output On/Off On/Off Input Input Frequency

0 0 O 0 EXTAL CKIO On, On PLL1 PLL1 (EXTAL)

multi- output
plication
ratio: 1
1 0o o0 1 EXTAL CKIO Oon, On PLL1 PLL1 (EXTAL) x 4
multi- output
plication
ratio: 4
2 0 1 O Crystal CKIO On, On PLL1 PLL1 (Crystal) x4
oscillator multi- output
plication
ratio: 4

3 0 1 1 EXTAL CKIO On, Off PLL2 PLL2 (EXTAL) x 1
multi-  (initial output
plication value)

ratio: 1
On PLL1
output
4 1 0 O Crystal CKIO On, Off PLL2 PLL2 (Crystal) x 1
oscillator multi-  (initial  output
plication value)
ratio: 1
On PLL1
output
7 1 1 1 CKIO - Off On PLL1 PLL1 (CKIO)
output

Mode 0: An external clock is input from the EXTAL pin and undergoes waveform shaping by
PLL circuit 2 before being supplied inside this LSI. PLL circuit 1 is constantly on, and there are r
frequency range restrictions compared to mode 3. An input clock frequency of 20 MHz to 66.67
MHz can be used, and the CKIO frequency range is 20 MHz to 66.67 MHz.
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Mode 1: An external clock is input from the EXTAL pin and its frequency is multiplied by 4 by
PLL circuit 2 before being supplied inside this LSI, allowing a low-frequency external clock to be
used. An input clock frequency of 5 MHz to 16.67 MHz can be used, and the CKIO frequency
range is 20 MHz to 66.67 MHz.

Mode 2: The on-chip crystal oscillator operates, with the oscillation frequency being multiplied by
4 by PLL circuit 2 before being supplied inside this LSI, allowing a low crystal frequency to be
used. A crystal oscillation frequency of 5 MHz to 16.67 MHz can be used, and the CKIO
frequency range is 20 MHz to 66.67 MHz.

Mode 3: An external clock is input from the EXTAL pin and undergoes waveform shaping by

PLL circuit 2 before being supplied inside this LSI. PLL circuit 1 is off in the default state at
power-on reset, and PLL circuit 1 can be selected as on or off, enabling power consumption to b
kept lower than in mode 0. An input clock frequency of 16 MHz to 33.34 MHz can be used, and
the CKIO frequency range is 16 MHz to 33.34 MHz.

Mode 4: The on-chip crystal oscillator operates, with its output supplied inside this LS| as a
square waveform by PLL circuit 2. PLL circuit 1 is off in the default state at power-on reset, and
PLL circuit 1 can be selected as on or off, enabling power consumption to be reduced accordingl
A crystal oscillation frequency of 16 MHz to 33.34 MHz can be used, and the CKIO frequency
range is 16 MHz to 33.34 MHz.

Mode 7: In this mode, the CKIO pin is an input, an external clock is input to this pin, and
undergoes waveform shaping, and also frequency multiplication according to the setting, by PLL
circuit 1 before being supplied to this LSI. In modes 0 to 4, the system clock is generated from th
output of this LSI’'s CKIO pin. Consequently, if a large number of ICs are operating on the clock
cycle, the CKIO pin load will be large. This mode, however, assumes a comparatively large-scale
system. If a large number of ICs are operating on the clock cycle, a clock generator with a numbe
of low-skew clock outputs can be provided, so that the ICs can operate synchronously by
distributing the clocks to each one.

As PLL circuit 1 compensates for fluctuations in the CKIO pin load, this mode is suitable for
connection of synchronous DRAM.
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Table 9.4

Available Combination of Clock Mode and FRQCR Values

Clock Clock Rate * Input Frequency CKIO Frequency

Mode FRQCR PLL1 PLL2 (I:B:P) Range Range

0 H'0100 ON(x1) ON(x1) 1:1:1 20 MHz to 33.34 MHz 20 MHz to 33.34 MHz
H'0101 ON(x1) ON(x1) 1:1:1/2 20 MHz to 66.67 MHz 20 MHz to 66.67 MHz
H'0102 ON(x1) ON(x1) 1:1:1/4 20 MHz to 66.67 MHz 20 MHz to 66.67 MHz
H'0111 ON(x2) ON(x1) 2:1:1 20 MHz to 33.34 MHz 20 MHz to 33.34 MHz
H'0112 ON(x2) ON(x1) 2:1:1/2 20 MHz to 66.67 MHz 20 MHz to 66.67 MHz
H'0115 ON(x2) ON(x1) 1:1:1 20 MHz to 33.34 MHz 20 MHz to 33.34 MHz
H'0116 ON(x2) ON(x1) 1:1:1/2 20 MHz to 66.67 MHz 20 MHz to 66.67 MHz
H'0122 ON(x4) ON(x1) 4:1:1 20 MHz to 33.34 MHz 20 MHz to 33.34 MHz
H'0126 ON (x4) ON(x1) 2:1:1 20 MHz to 33.34 MHz 20 MHz to 33.34 MHz
H'012A ON(x4) ON(x1) 1:1:1 20 MHz to 33.34 MHz 20 MHz to 33.34 MHz
HA100 ON(x3) ON(x1) 3:1:1 25 MHz to 33.34 MHz 25 MHz to 33.34 MHz
H'A101 ON(x3) ON(x1) 3:1:1/2 25 MHz to 44.44 MHz 25 MHz to 44.44 MHz
HE100 ON(x3) ON(x1) 1:1:1 25 MHz to 33.34 MHz 25 MHz to 33.34 MHz
HE101 ON(x3) ON(x1) 1:1:1/2 25 MHz to 44.44 MHz 25 MHz to 44.44 MHz
H'A111 ON(x6) ON(x1) 6:1:1 20 MHz to 22.22 MHz 20 MHz to 22.22 MHz

1,2 H'0100 ON (x1) ON(x4) 444 5 MHz to 8.34 MHz 20 MHz to 33.34 MHz
H'0101 ON(x1) ON(x4) 4:4:2 5 MHz to 16.6 MHz 20 MHz to 16.6 MHz
H'0102 ON(x1) ON(x4) 441 5 MHz to 16.6 MHz 20 MHz to 16.6 MHz
H'0111 ON(x2) ON(x4) 8:4:4 5 MHz to 8.34 MHz 20 MHz to 33.34 MHz
H'0112 ON(x2) ON(x4) 8:4:2 5 MHz to 16.67 MHz 20 MHz to 66.67 MHz
H'0115 ON(x2) ON(x4) 4:4:4 5 MHz to 8.34 MHz 20 MHz to 33.34 MHz
H0116 ON(x2) ON(x4) 4:4:2 5 MHz to 16.67 MHz 20 MHz to 66.67 MHz
H'0122 ON(x4) ON(x4) 16:4:4 5 MHz to 8.34 MHz 20 MHz to 33.34 MHz
H'0126 ON(x4) ON(x4) 8:4:4 5 MHz to 8.34 MHz 20 MHz to 33.34 MHz
H'012A ON(x4) ON(x4) 4:4:4 5 MHz to 8.34 MHz 20 MHz to 33.34 MHz
H'A100 ON(x3) ON(x4) 12:4:4 5 MHz to 8.34 MHz 20 MHz to 33.34 MHz
H'A101 ON (x3) ON(x4) 12:4:2 5MHz to 11.11 MHz 20 MHz to 44.44 MHz
HE100 ON(x3) ON(x4) 4:4:4 5 MHz to 8.34 MHz 20 MHz to 33.34 MHz
H'E101 ON (x3) ON(x4) 4:4:2 5MHz to 11.11 MHz 20 MHz to 44.44 MHz
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Table 9.4  Available Combination of Clock Mode and FRQCR Values (cont)

Clock Clock Rate * Input Frequency CKIO Frequency

Mode FRQCR PLL1 PLL2 (I:B:P) Range Range

3,4 H'0100 OFF ON(x1) 1:1:1 16 MHz to 33.34 MHz 16 MHz to 33.34 MHz
H'0101 OFF ON (x1) 1:1:1/2 16 MHz to 33.34 MHz 16 MHz to 33.34 MHz
H'0102 OFF ON (x1) 1:1:1/4 16 MHz to 33.34 MHz 16 MHz to 33.34 MHz
H'01DO ON(x2) ON(x1) 2:1:1 16 MHz to 33.34 MHz 16 MHz to 33.34 MHz
H'01D1 ON(x2) ON (x1) 2:1:1/2 16 MHz to 33.34 MHz 16 MHz to 33.34 MHz
H'01D2 ON(x2) ON(x1) 2:1:1/4 16 MHz to 33.34 MHz 16 MHz to 33.34 MHz
H'01D4 ON(x2) ON(x1) 1:1:1 16 MHz to 33.34 MHz 16 MHz to 33.34 MHz
H'01D5 ON(x2) ON(x1) 1:1:1/2 16 MHz to 33.34 MHz 16 MHz to 33.34 MHz
H'01D6 ON (x2) ON (x1) 1:1:1/4 16 MHz to 33.34 MHz 16 MHz to 33.34 MHz
H'81CO ON(x3) ON(x1) 3:1:1 16 MHz to 33.34 MHz 16 MHz to 33.34 MHz
H'81C1 ON(x3) ON(x1) 3:1:1/2 16 MHz to 33.34 MHz 16 MHz to 33.34 MHz
H'C1CO ON(x3) ON(x1) 1:1:1 16 MHz to 33.34 MHz 16 MHz to 33.34 MHz
H'C1C1 ON(x3) ON(x1) 1:1:1/2 16 MHz to 33.34 MHz 16 MHz to 33.34 MHz
H'0O1EO ON(x4) ON(x1) 4:1:1 16 MHz to 33.34 MHz 16 MHz to 33.34 MHz
H'O1E1 ON(x4) ON(x1) 4:1:1/2 16 MHz to 33.34 MHz 16 MHz to 33.34 MHz
H'01E4 ON(x4) ON(x1) 2:1:1 16 MHz to 33.34 MHz 16 MHz to 33.34 MHz
HO1E5 ON(x4) ON(x1) 2:1:1/2 16 MHz to 33.34 MHz 16 MHz to 33.34 MHz
H'01E6 ON (x4) ON(x1) 2:1:1/4 16 MHz to 33.34 MHz 16 MHz to 33.34 MHz
HO1E8 ON(x4) ON(x1) 1:1:1 16 MHz to 33.34 MHz 16 MHz to 33.34 MHz
H'01E9 ON(x4) ON(x1) 1:1:1/2 16 MHz to 33.34 MHz 16 MHz to 33.34 MHz
HO1EA ON(x4) ON(x1) 1:1:1/4 16 MHz to 33.34 MHz 16 MHz to 33.34 MHz
H'0O1FO ON (x8) ON(x1) 8:1:1 16 MHz to 16.67 MHz 16 MHz to 16.67 MHz
H'81DO ON(x6) ON(x1) 6:1:1 16 MHz to 22.22 MHz 16 MHz to 22.22 MHz

7 H'0100 ON (x1) OFF 1:1:1 20 MHz to 33.34 MHz 20 MHz to 33.34 MHz
H'0101 ON (x1) OFF 1:1:1/2 20 MHz to 66.67 MHz 20 MHz to 66.67 MHz
H'0102 ON (x1) OFF 1:1:1/4 20 MHz to 66.67 MHz 20 MHz to 66.67 MHz
H'0111 ON (x2) OFF 2:1:1 20 MHz to 33.34 MHz 20 MHz to 33.34 MHz
H'0112 ON (x2) OFF 2:1:1/2 20 MHz to 66.67 MHz 20 MHz to 66.67 MHz
H'0115 ON (x2) OFF 1:1:1 20 MHz to 33.34 MHz 20 MHz to 33.34 MHz
H'0116 ON (x2) OFF 1:1:1/2 20 MHz to 66.67 MHz 20 MHz to 66.67 MHz
H'0122 ON (x4) OFF 4:1:1 20 MHz to 33.34 MHz 20 MHz to 33.34 MHz
H'0126 ON (x4) OFF 2:1:1 20 MHz to 33.34 MHz 20 MHz to 33.34 MHz
H'012A ON (x4) OFF 1:1:1 20 MHz to 33.34 MHz 20 MHz to 33.34 MHz
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Table 9.4  Available Combination of Clock Mode and FRQCR Values (cont)

Clock Clock Rate * Input Frequency CKIO Frequency

Mode FRQCR PLL1 PLL2 (I:B:P) Range Range

7 H'A100 ON (x3) OFF 3:1:1 25 MHz to 33.34 MHz 25 MHz to 33.34 MHz
H'E100 ON (x3) OFF 1:1:1 25 MHz to 33.34 MHz 25 MHz to 33.34 MHz
H'E101 ON (x3) OFF 1:1:1/2 25 MHz to 44.44 MHz 25 MHz to 44.44 MHz
H'A111 ON (x6) OFF 6:1:1 20 MHz to 22.22 MHz 20 MHz to 22.22 MHz

Max. frequency: g = 133.34 MHz, Bo (CKIO) = 66.67 MHz, P@ = 33.34 MHz
Note: * Taking input clock as 1

Cautions:

1. When clock operating modes 3, 4 are used:
« The on/off state of PLL circuit 1 is set by the frequency control register.
e PLL circuit 1 is initialized to the off state by a power-on reset.
e Always turn PLL circuit 1 off before going into standby mode.
. The input to divider 1 becomes the output of:
e PLL circuit 1 when PLL circuit 1 is on.
e PLL circuit 2 when PLL circuit 1 is off and PLL circuit 2 is on.
. The input of divider 2 becomes the output of:
e PLL circuit 1 when the clock operating mode is 0-2 or 7.
e PLL circuit 2 when the clock operating mode is 3, 4 and PLL circuit 2 is on.
4. The frequency of the internal clockp(lbecomes:

< The product of the frequency of the CKIO pin, the frequency multiplication ratio of
PLL circuit 1, and the division ratio of divider 1 when PLL circuit 1 is on.

« Equal to the frequency of CKIO pin when PLL circuit 1 is off.
« Do not set the internal clock frequency lower than the CKIO pin frequency.
The frequency of the peripheral clockp(Pecomes:
< The product of the frequency of the CKIO pin, the frequency multiplication ratio of
PLL circuit 1, and the division ratio of divider 2 when the clock operating mode is 0-2
or7.
e The product of the frequency of the CKIO pin and the division ratio of divider 2 when
the clock operating mode is 3, 4.
« The peripheral clock frequency should not be set higher than the frequency of the CKI
pin, higher than 33 MHz, or lower than 1/8 the internal clogk (I
6. The output frequency of PLL circuit 1 is the product of the CKIO frequency and the
multiplication ratio of PLL circuit 1. This frequency should be equal to or lower than 133
MHz.

N

w

o
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7. x1,x2,%x3,%x4,x6, orx 8 can be used as the multiplication ratio of PLL circuit 1, x 1/2,
x 1/3, % 1/4, andx 1/6 can be selected as the division ratios of dividers 1 and 2. Set the rate in
the frequency control register. The on/off state of PLL circuit 2 is determined by the mode.

9.4 Register Descriptions

9.4.1 Frequency Control Register (FRQCR)

The frequency control register (FRQCR) is a 16-bit read/write register used to specify whether a
clock is output from the CKIO pin, the on/off state of PLL circuit 1, PLL standby, the frequency
multiplication ratio of PLL circuit 1, and the frequency division ratio of the internal clock and the
peripheral clock.

Only word access can be used on the FRQCR register. FRQCR is initialized to H'0102 by a
power-on reset, but retains its value in a manual reset and in standby mode.

Bitt 15 14 13 12 11 10 9 8
\ sTC2 \ IFC2 \ PFC2 \ — \ — \ — ‘SLPFRQ‘ CKOEN‘
Initial value: 0 0 0 0 0 0 0 1
RW: RW  RW  RW R R R RW  RW
Bitt 7 6 5 4 3 2 1 0
| PLLEN | PSTBY| STC1 | STCO | IFC1 | IFCO | PFCL | PFCO |
Initial value: 0 0 0 0 0 0 1 0

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

Bits 15, 5, and 4—Frequency Multiplication Ratio (STC2 to STCO)These bits specify the
frequency multiplication ratio of PLL circuit 1.

Bit 15: STC2 Bit 5: STC1 Bit 4: STCO Description

0 0 0 x1 (Initial value)
0 0 1 x2
1 0 0 x3
0 1 0 x4
1 0 1 X6
0 1 1 x 8

Note: Do not set the output frequency of PLL circuit 1 higher than 133 MHz.
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Bits 14, 3, and 2—Internal Clock Frequency Division Ratio (IFC2 to IFC0)These bits
specify the frequency division ratio of the internal clock with respect to the output frequency of
PLL circuit 1. When PLL circuit 1 is off or in standby mode,>sé&t

Bit 14: IFC2 Bit 3: IFC1 Bit 2: IFCO Description

0 0 0 x1 (Initial value)
0 0 1 x 1/2

1 0 0 x 1/3

0 1 0 x 1/4

Note: Do not set the internal clock frequency lower than the CKIO frequency.

Bits 13, 1, and 0—Peripheral Clock Frequency Division Ratio (PFC2 to PFCOJhese bits
specify the division ratio of the peripheral clock frequency with respect to the frequency of the
output frequency of PLL circuit 1 or the frequency of the CKIO pin.

Bit 13: PFC2 Bit 1: PFC1 Bit 0: PFCO Description

0 0 0 x1

0 0 1 x 1/2

1 0 0 x 1/3

0 1 0 x 1/4

1 0 1 x1/6  (Initial value)

Note: Do not set the peripheral clock frequency higher than the frequency of the CKIO pin.

Bits 12 to 10—ReservedThese bits are always read as 0. The write value should always be 0.

Bit 9—Divide Ratio of the External Bus Clock in the Sleep Mode (SLPFRQ)SLPFRQ

specifies the divide ratio of the external bus clock in the sleep mode in clock modes 3 to 7. The
clock frequency output from the CKIO is not changed. Since the memory refresh cycle is fixed b
the bus state controller, the RTSCR register or other setting needs not to be changed.

Bit 9: SLPFRQ Description
0 External bus clock is not changed in the sleep mode. (Initial value)
1 External bus clock is multiplied by 1/4 in the sleep mode.
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Bit 8—Clock Output Enable (CKOEN): Specifies to output a clock from the CKIO pin or to fix
the CKIO pin low in clock operating mode 3 and 4. Even when the level is fixed, the SH7709A
will operate internally at the frequency before the level was fixed. Set this bit to 1 in clock
operating modes 0-2. In case of clock operating mode 7, the CKIO pin becomes an input pin
irrespective of the value of this bit.

Bit 8: CKOEN Description
0 Fixes the CKIO pin low.
1 Outputs a clock from the CKIO pin. (Initial value)

Bit 7—PLL Circuit Enable (PLLEN): Specifies the on/off state of PLL circuit 1. This bit is
valid in clock operating modes 3 and 4. PLL circuit 1 goes on when the clock operating mode is
0-2 or 7 irrespective of the value of PLLEN.

Bit 7: PLLEN Description
0 PLL circuit 1 is not used. (Initial value)
1 PLL circuit 1 is used.

Bit 6—PLL Standby (PSTBY): Specifies PLL standby. When PLL standby is active, PLL circuit
1 will be in standby mode at the frequency specified by the STC bit. This function is valid in clock
operating modes 3 and 4.

Bit 6: PSTBY Description

0 PLL is not in standby mode. (Initial value)
1 PLL is in standby mode.
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9.5 Changing the Frequency

The frequency of the internal clock and peripheral clock can be changed either by changing the
multiplication rate of PLL circuit 1 or by changing the division rates of dividers 1 and 2. All of
these are controlled by software through the frequency control register. The methods are descri
below. In modes 3, 4 the frequency can also be changed by turning PLL circuit 1 on and off, as
described in section 9.6, PLL Standby Function.

9.5.1 Changing the Multiplication Rate

A PLL settling time is required when the multiplication rate of PLL circuit 1 is changed. The on-
chip WDT counts the settling time.

1. Inthe initial state, the multiplication rate of PLL circuit 1 is 1.

2. Set a value that will become the specified oscillation settling time in the WDT and stop the
WDT. The following must be set:

WTCSR register TME bit 0: WDT stops
WTCSR register CKS2—CKSO0 bits: Division ratio of WDT count clock
WTCNT counter: Initial counter value

3. Set the desired value in the STC2, STC1 and STCO bits. The division ratio can also be set ir
the IFC2-IFCO bits and PFC2—PFCO bits.

4. The processor pauses internally and the WDT starts incrementing. In clock modes 0-2 and
the internal and peripheral clocks both stop, but the peripheral clock for WDT will not stop. In
clock modes 3 and 4, only the internal clock stops. The clock will continue to be output at the
CKIO pin as long as the CKOEN bit in the FRQCR register is set to 1.

5. Supply of the clock that has been set begins at WDT count overflow, and the processor begi
operating again. The WDT stops after it overflows.

9.5.2 Note on Changing the Multiplication Rate
Erroneous operation will occur under the following conditions.

e Conditions
If a cache related read fill cycle or write-back cycle is generated within four peripheral clock
cycles (16 ¢ system clock cycles in the case of a clock ratio of I:B:P = 1:1:1/4) after the
CPG'’s frequency control register (FRQCR) is modified.

¢ Problem
The data may be incorrect in a read fill or write-back cycle, and may result in CPU runaway.

When modifying the CPG’s frequency control register (FRQCR), ensure that a cache fill or write
back does not occur for at least four peripheral clogk ¢icles after the modification. This can
be achieved by either of the following methods, for example.
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1. Place an instruction that accesses a peripheral module (RTC, TMU, SCI, DMAC, CMT, SCIF,
IrDA, A/D, D/A, or port) register immediately after the multiplication rate change instruction.

2. Place 20 NOP instructions immediately after the multiplication rate change instruction (in a
non-cache area).

9.5.3 Changing the Division Ratio
The WDT will not count unless the multiplication rate is changed simultaneously.

1. Inthe initial state, IFC2—-IFC9 000 and PFC2-PFG8010.

2. Setthe IFC2, IFC1, IFCO, PFC2, PFCL1, and PFCO bits to the new division ratio. The values
that can be set are limited by the clock mode and the multiplication rate of PLL circuit 1. Note
that if the wrong value is set, the processor will malfunction.

3. The clock is immediately supplied at the new division ratio.

9.6 PLL Standby Function

9.6.1 Overview of the PLL Standby Function

When operating in clock modes 3 and 4, the internal clock can be controlled by turning the PLL1
circuit on and off. A long oscillation settling time is required, however, when the PLL circuit is
started up from a complete halt. During this time, processor operation halts. To enable fast on/off
switching of the PLL1 circuit, the PLL standby function is provided. This function is controlled by
software using the frequency control register. The use of the PLL standby function is described
below.

9.6.2 Usage
From Off to On:

1. Initially, PSTBY=0, PLLEN= 0, and PLL circuit 1 is stopped. The output of PLL circuit 2 is
used for divider 1 input.

2. When the multiplication rate of PLL circuit 1 is set in the STC2—STCO bits and PSTBY is set
to 1, PLL circuit 1 begins oscillating at the specified multiplication rate. The input to divider 1
is still the output of PLL circuit 2 at this point.

3. After PLL circuit 1 oscillation has stabilized, the input of divider 1 switches when PLLEN is
set to 1 and the oscillation output of PLL circuit 1 is divided and becomes the internal clock.
At this time, the division ratio can be changed by changing the settings of IFC2—-IFC0 and
PFC2—-PFCO. For several cycles before and after the clock switches, the internal clock will be
stopped, but the peripheral clock and CKIO output do not stop.
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From On to Off:

1. When PLLEN is set to 0, the input of divider 1 switches to the output of PLL circuit 2. At this
time, the division ratio can be changed by changing the settings of IFC2-IFCO and PFC2-
PFCO.

2. When PSTBY is set to 0, PLL circuit 1 stops. This setting can be performed simultaneously
(and with the same instruction as) the setting in 1 above.

Notes: 1. There are some restrictions on the PLL standby state (PSTBRLLEN= 0) as
follows: The settings of the frequency control register's CKOEN, STC2-STCO,
IFC2—-IFCO0 and PFC2-PFCO bits generally cannot be changed. In some cases,
however, they can be changed if the PSTBY and PLLEN bit settings are also change«
simultaneously (figure 9.2). The SLEEP instruction cannot be executed.

2. ltis the responsibility of software to ensure the oscillation settling time. If PLLEN is
set to 1 before the oscillation has settled, malfunctions may be caused by an unstable
clock.

3. In clock modes 3 and 4, this LSI cannot go to standby mode while PLL circuit 1 is on.
Always set PSTBY and PLLEN to 0 to stop PLL circuit 1 before going to standby
mode.

4. When PSTBY and PLLEN are both changed from O to 1 together, the WDT will
automatically start counting and the clock will switch when the WDT overflows. See
section 9.5, Changing the Frequency, for setting the WDT.

PSTBY =1
and PLLEN =0

PSTBY =1 ’ PLLEN =1
(STC)

(IFC, PFC)

— " o/ pu1 \—"
-— -—
PSTBY =0 standby /™5 | En= 0

PSTBY = 0 (STC) (STC, IFC, PFC) PSTBY = 1

and PLLEN =0 PSTBY = 0, PLLEN = 0 and PLLEN =1

(STC, IFC, PFC)

Note: Bits in parentheses can be changed simultaneously.

Figure 9.2 State Transitions for the PLL Standby Function

213
HITACHI



9.7 Controlling Clock Output

The CKOEN bit in the FRQCR register can be used to switch between outputting a clock to the
CKIO pin or having the level fixed.

9.7.1 Clock Modes 0 to 2

The CKIO pin level cannot be fixed. Always set the CKOEN bit in FRQCR to 1 (clock output).

9.7.2 Clock Modes 3, 4

The CKIO output changes as soon as the CKOEN bit is changed. When the WDT is started by
simultaneously changing the multiplication rate of PLL circuit 1 or switching PLL circuit 1 on or
off, the WDT starts running after the CKIO output is switched, and then the internal clock
changes.
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9.8 Overview of the WDT

9.8.1 Block Diagram of the WDT

Figure 9.3 shows a block diagram of the WDT.

WDT
Standby Standby |« Standby
cancellation control e mode
‘ | Peripheral
Internal Y I clock
reset « c%i?r?cfl N | Divider |
request N _
a b Clock selection l l l l l l l l
v 4>| Clock selector
Interrupt Interrupt |« Overflow |
request - control |« Clock
A4
WTCSR WTCNT
( Bus interface )
h
< A 4 o
Legend: - » Internal bus

WTCSR: Watchdog timer control/status register
WTCNT: Watchdog timer counter

Figure 9.3 Block Diagram of the WDT

9.8.2 Register Configurations

The WDT has two registers that select the clock, switch the timer mode, and perform other
functions. Table 9.5 shows the WDT register.

Table 9.5 Register Configuration

Name Abbreviation R/W Initial Value Address Access Size
Watchdog timer counter WTCNT R/W*  H'00 H'FFFFFF84 R: byte;
W: word*
Watchdog timer WTCSR R/W*  H'00 H'FFFFFF86 R: byte;
control/status register W: word*

Note: * Write with a word access. Write H'5A and H'A5, respectively, in the upper bytes. Byte or
longword writes are not possible. Read with a byte access.
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9.9 WDT Registers

9.9.1 Watchdog Timer Counter (WTCNT)

The watchdog timer counter (WTCNT) is an 8-bit read/write counter that increments on the
selected clock. When an overflow occurs, it generates a reset in watchdog timer mode and an
interrupt in interval time mode. Its address is H'FFFFFF84. The WTCNT counter is initialized to
H'00 only by a power-on reset through the RESETP pin. Use a word access to write to the
WTCNT counter, with H'5A in the upper byte. Use a byte access to read WTCNT.

Note: The method of writing to this register differs from that for general registers to prevent
inadvertent rewriting. For details, see section 9.9.3, Notes on Register Access.

Bit: 7 6 5 4 3 2 1 0

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

9.9.2 Watchdog Timer Control/Status Register (WTCSR)

The watchdog timer control/status register (WTCSR) is an 8-bit read/write register composed of
bits to select the clock used for the count, bits to select the timer mode, and overflow flags. Its
address is H'FFFFFF86. The WTCSR register is initialized to H'00 only by a power-on reset
through the RESETP pin. When a WDT overflow causes an internal reset, the WTCSR retains its
value. When used to count the clock settling time for canceling a standby, it retains its value after
counter overflow. Use a word access to write to the WTCSR counter, with H'A5 in the upper byte
Use a byte access to read WTCSR.

Note: The method of writing to this register differs from that for general registers to prevent
inadvertent rewriting. For details, see section 9.9.3, Notes on Register Access.

Bitt 7 6 5 4 3 2 1 0
\ TME \ WT/W‘ RSTS \ WOVF‘ IOVF \ CKS2 \ CKSl‘ CKS0 \
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

Bit 7—Timer Enable (TME): Starts and stops timer operation. Clear this bit to 0 when using the
WDT in standby mode or when changing the clock frequency.
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Bit 7: TME Description

0 Timer disabled: Count-up stops and WTCNT value is retained
(Initial value)
1 Timer enabled

Bit 6—Timer Mode Select (WTAT): Selects whether to use the WDT as a watchdog timer or an
interval timer.

Bit 6: WT/IT Description
0 Use as interval timer (Initial value)
1 Use as watchdog timer

Note: If WT/IT is modified when the WDT is running, the up-count may not be performed correctly.

Bit 5—Reset Select (RSTS)Selects the type of reset when the WTCNT overflows in watchdog
timer mode. In interval timer mode, this setting is ignored.

Bit 5: RSTS Description
0 Power-on reset (Initial value)
1 Manual reset

Note: RESETOUT is output.

Bit 4—Watchdog Timer Overflow (WOVF): Indicates that the WTCNT has overflowed in
watchdog timer mode. This bit is not set in interval timer mode.

Bit 4: WOVF Description
0 No overflow (Initial value)
1 WTCNT has overflowed in watchdog timer mode

Bit 3—Interval Timer Overflow (IOVF): Indicates that the WTCNT has overflowed in interval
timer mode. This bit is not set in watchdog timer mode.

Bit 3: IOVF Description
0 No overflow (Initial value)
1 WTCNT has overflowed in interval timer mode

Bits 2 to 0—Clock Select 2 to 0 (CKS2 to CKSOY.hese bits select the clock to be used for the
WTCNT count from the eight types obtainable by dividing the peripheral clock. The overflow
period in the table is the value when the peripheral clopki¢PL5 MHz.
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Overflow Period

Bit 2: CKS2 Bit1: CKS1 Bit0: CKSO Clock Division Ratio (when P @ = 15 MHz)
0 0 0 1 (Initial value) 17 ps
1 1/4 68 ps
1 0 1/16 273 ps
1 1/32 546 ps
1 0 0 1/64 1.09 ms
1 1/256 4.36 ms
1 0 1/1024 17.48 ms
1 1/4096 69.91 ms

Note: If bits CKS2—CKSO0 are modified when the WDT is running, the up-count may not be
performed correctly. Ensure that these bits are modified only when the WDT is not running.

9.9.3 Notes on Register Access

The watchdog timer counter (WTCNT) and watchdog timer control/status register (WTCSR) are
more difficult to write to than other registers. The procedure for writing to these registers are give
below.

Writing to WTCNT and WTCSR: These registers must be written by a word transfer

instruction. They cannot be written by a byte or longword transfer instruction. When writing to
WTCNT, set the upper byte to H'5A and transfer the lower byte as the write data, as shown in
figure 9.4. When writing to WTCSR, set the upper byte to H'A5 and transfer the lower byte as the
write data. This transfer procedure writes the lower byte data to WTCNT or WTCSR.

WTCNT write
15 8 7 0
Address: H'FFFFFE84 H'5A Write data
WTCSR write
15 8 7 0
Address: H'FFFFFE86 H'A5 Write data
Figure 9.4 Writing to WTCNT and WTCSR
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9.10 Using the WDT

9.10.1 Canceling Standbys

The WDT can be used to cancel standby mode with an NMI or other interrupts. The procedure i
described below. (The WDT does not run when resets are used for canceling, so RESETR
pin or RESETM pin low until the clock stabilizes.)

1.

Before transitioning to standby mode, always clear the TME bit in WTCSR to 0. When the
TME bit is 1, an erroneous reset or interval timer interrupt may be generated when the count
overflows.

Set the type of count clock used in the CKS2—CKSO bits in WTCSR and the initial values for
the counter in the WTCNT counter. These values should ensure that the time till count
overflow is longer than the clock oscillation settling time.

Move to standby mode by executing a SLEEP instruction to stop the clock.

The WDT starts counting by detecting the edge change of the NMI signal or detecting
interrupts.

When the WDT count overflows, the CPG starts supplying the clock and the processor
resumes operation. The WOVF flag in WTCSR is not set when this happens.

Since the WDT continues counting from H’00, set the STBY bit in the STBCR register to 0 in
the interrupt processing program and this will stop the WDT. When the STBY bit remains 1,
the SH7709A again enters the standby mode when the WDT has counted up to H'80. This
standby mode can be canceled by power-on resets.

9.10.2 Changing the Frequency

To change the frequency used by the PLL, use the WDT. When changing the frequency only by
switching the divider, do not use the WDT.

1.

Before changing the frequency, always clear the TME bit in WTCSR to 0. When the TME bit
is 1, an erroneous reset or interval timer interrupt may be generated when the count overflow
Set the type of count clock used in the CKS2-CKSO0 bits of WTCSR and the initial values for
the counter in the WTCNT counter. These values should ensure that the time till count
overflow is longer than the clock oscillation settling time.

When the frequency control register (FRQCR) is written, internal processor operation stops
temporarily and the WDT starts counting.

When the WDT count overflows, the CPG resumes supplying the clock and the processor
resumes operation. The WOVF flag in WTCSR is not set when this happens.

The counter stops at the values H'00—-H'01. The stop value depends on the clock ratio.
When writing to WTCNT after the frequency is changed, read WTCNT and confirm that its
value is H'00 before performing the write.
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9.10.3  Using Watchdog Timer Mode

1.

Set the WTIT bit in the WTCSR register to 1, set the reset type in the RSTS bit, set the type of
count clock in the CKS2—CKSO0 bits, and set the initial value of the counter in the WTCNT
counter.

Set the TME hit in WTCSR to 1 to start the count in watchdog timer mode.

While operating in watchdog timer mode, rewrite the counter periodically to H'00 to prevent
the counter from overflowing.

When the counter overflows, the WDT sets the WOVF flag in WTCSR to 1 and generates the
type of reset specified by the RSTS bit. The counter then resumes counting.

When a reset occurs, a low level is output fromRESETOUT pin, and a high level is output
from the STATUSO and STATUSL pins. The signal output period is about one cycle of the
count clock for power-on reset, and about five cycles of the peripheral clock for manual reset.

9.10.4 Using Interval Timer Mode

When operating in interval timer mode, interval timer interrupts are generated at every overflow o
the counter. This enables interrupts to be generated at set periods.

1.

Clear the WTIT bit in the WTCSR register to 0, set the type of count clock in the CKS2—
CKSO0 bits, and set the initial value of the counter in the WTCNT counter.

Set the TME bit in WTCSR to 1 to start the count in interval timer mode.

When the counter overflows, the WDT sets the IOVF flag in WTCSR to 1 and an interval
timer interrupt request is sent to INTC. The counter then resumes counting.
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9.11  Notes on Board Design

When Using an External Crystal Oscillator: Place the crystal oscillator, capacitors CL1 and

CL2, and damping resistor R close to the EXTAL and XTAL pins. To prevent induction from
interfering with correct oscillation, use a common grounding point for the capacitors connected t
the oscillator, and do not locate a wiring pattern near these components.

Avoid crossing
signal lines

SH7709A

Note: The values for CL1, CL2, and the damping resistance should be determined after
consultation with the crystal oscillator manufacturer.

Figure 9.5 Points for Attention when Using Crystal Oscillator

Decoupling Capacitors:As far as possible, insert a laminated ceramic capacitor of 0.01 to 0.1 pF
as a passive capacitor for eachyV . pair. Mount the passive capacitors as close as possible to
the SH7709A power supply pins, and use components with a frequency characteristic suitable fi
the chip’s operating frequency, as well as a suitable capacitance value.

Digital system \{¢Vc pairs: 19-21, 27-29, 33-35, 45-47, 57-59, 69-71, 79-81, 83-85, 95-97, 109-
111, 132-134, 153-154, 161-163, 173-175, 181-183, 205-208

On-chip oscillator V¢V pairs: 3-6, 145-147, 148-150

When Using a PLL Oscillator Circuit: Keep the wiring from the PLL M and ;5 connection
pattern to the power supply pins short, and make the pattern width large, to minimize the
inductance component. Ground the oscillation stabilization capacitors C1 and ZRh M)

and Vs (PLL2), respectively. Place C1 and C2 close to the CAP1 and CAP2 pins and do not
locate a wiring pattern in the vicinity. In clock mode 7, connect the EXTAL pin.toWVgs and
leave the XTAL pin open.
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Avoid crossing

Ve (PLL2)

CAP2
Vgs (PLL2)

Ve (PLL1)

CAP1

Vsgs (PLL1)

signal lines
________ |

|

|
LT v
c2 T i cc

:

|

]

: Vss
LT
C1 T :

Power supply

Reference values
C1 =470 pF
C2 =470 pF
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Section 10 Bus State Controller (BSC)

10.1  Overview

The bus state controller (BSC) divides physical address space and output control signals for
various types of memory and bus interface specifications. BSC functions enable this LSI to link
directly with DRAM, synchronous DRAM, SRAM, ROM, and other memory storage devices
without an external circuit. The BSC also allows direct connection to PCMCIA interfaces,
simplifying system design and allowing high-speed data transfers in a compact system.

10.1.1 Features

The BSC has the following features:

« Physical address space is divided into six areas

0 A maximum 64 Mbytes for each of the six areas, 0, 2-6

O Area bus width can be selected by register (area 0 is set by external pin)
0 Wait states can be inserted using Wi&IT pin
O

Wait state insertion can be controlled through software. Register settings can be used to
specify the insertion of 1-10 cycles independently for each area (1-38 cycles for areas 5
and 6 and the PCMCIAT interface only)

O The type of memory connected can be specified for each area, and control signals are
output for direct memory connection

0 Wait cycles are automatically inserted to avoid data bus conflict for continuous memory
accesses to different areas or writes directly following reads of the same area

« Direct interface to DRAM
O Multiplexes row/column addresses according to DRAM capacity
0 Supports burst operation (high-speed page mode, EDO mode, and short-pitch access)
O Supports CAS-before-RAS refresh and self-refresh
O Controls timing of DRAM direct-connection control signals according to register settings

< Direct interface to synchronous DRAM
O Multiplexes row/column addresses according to synchronous DRAM capacity
0 Supports burst operation
O Supports bank active mode
0 Has both auto-refresh and self-refresh functions
O

Controls timing of synchronous DRAM direct-connection control signals according to
register setting
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* Burst ROM interface
O Insertion of wait states controllable through software
O Register setting control of burst transfers

* PCMCIA direct-connection interface
O Insertion of wait states controllable through software
O Bus sizing function for I/O bus width (only in the little endian mode)

» Refresh function

O Refresh cycles will be automatically maintained in the sleep mode even after the external
bus frequency is reduced to 1/4 of its normal operating frequency

» Short refresh cycle control

O The overflow interrupt function of the refresh counter enables the refresh function
immediately after the self-refresh operation using the low power-consumption DRAM

» The refresh counter can be used as an interval timer
O Outputs an interrupt request signal using the compare-matching function
0 Outputs an interrupt request signal when the refresh counter overflows

» Automatically disables the output of clock signals to anywhere but the refresh counter, except
during execution of external bus cycles
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10.1.2

Block Diagram

Figure 10.1 shows the functional block diagram of the bus state controller.
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CE2A, CE2B
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ICIORD,
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Wait state control register
Bus control register
Memory control register
DRAM control register
PCMCIA control register
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Refresh count register

Refresh timer count register
Refresh time constant register
Refresh timer control/status register
MCSn control register (n:0-7)

Figure 10.1 BSC Functional Block Diagram
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10.1.3 Pin Configuration

Table 10.1 lists the BSC pin configuration.

Table 10.1 Pin Configuration

Pin Name Signal I/O Description

Address bus A25-A0 (0] Address output

Data bus D15-D0 1/0 Data I/O

D31-D16 1/O When 32-bit bus width, data 1/O

Bus cycle start BS (0] Shows start of bus cycle. During burst transfers,
asserts every data cycle.

Chip select 0, 2-4 CS0, CS2-CS4 O Chip select signal to indicate area being accessed.

Chip select 5, 6 CS5/CE1A, (0] Chip select signal to indicate area being accessed.

CS6/CE1B CS5/CE1A and CS6/CE1B can also be used as

CE1A and CE1B of PCMCIA.

PCMCIA card CE2A, CE2B (@) When PCMCIA is used, CE2A and CE2B

select

Read/write RD/WR 0 Data bus direction indicator signal. DRAM/PCMCIA
write indicator signal.

Row address RAS3L (0] When DRAM or synchronous DRAM is used in area

strobe 3L 3, RAS3L for lower 32-Mbyte address.

Row address RAS3U (0] When DRAM or synchronous DRAM is used in area

strobe 3U 3, RAS3U for upper 32-Mbyte address.

Column address CASLL/CASL O When DRAM is used, CASLL signal for D7-D0.

strobe When synchronous DRAM is used, CASL signal for
lower 32-Mbyte address.

Column address CASLH/CASU O When DRAM is used, CASLH signal for D15-D8.

strobe LH When synchronous DRAM is used, CASU signal for
upper 32-Mbyte address.

Column address  CASHL (@) When DRAM is used, CASHL signal for D23-D16.

strobe HL

Column address CASHH (@] When DRAM is used, CASHH signal for D31-D24.

strobe HH

Column address  CAS2L (@) When the area 2 DRAM is used, CAS2L signal for

strobe 2L D7-DO.

Column address CAS2H (@] When the area 2 DRAM is used, CAS2H signal for

strobe 2H D15-D8.
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Table 10.1 Pin Configuration (cont)

Pin Name Signal /0 Description
Data enable 0 WEOQO/DQMLL (0] When memory other than synchronous DRAM is
used, selects D7-DO0 write strobe signal. When
synchronous DRAM is used, selects D7-DO.
Data enable 1 WE1/DQMLU/ O When memory other than synchronous DRAM is
WE used, selects D15-D8 write strobe signal. When
synchronous DRAM is used, selects D15-D8. When
PCMCIA is used, strobe signal that indicates the
write cycle.
Data enable 2 WE2/DQMUL/ O When memory other than synchronous DRAM is
ICIORD used, selects D23-D16 write strobe signal. When
synchronous DRAM is used, selects D23-D16.
When PCMCIA is used, strobe signal indicating I/O
read.
Data enable 3 WES3/DQMUU/ O When memory other than synchronous DRAM is
ICIOWR used, selects D31-D24 write strobe signal. When
synchronous DRAM is used, selects D31-D24.
When PCMCIA is used, strobe signal indicating I/O
write.
Read RD 0 Strobe signal indicating read cycle
Wait WAIT | Wait state request signal
Clock enable CKE (0] Clock enable control signal of synchronous DRAM
101S16 10IS16 | Signal indicating PCMCIA 16-bit I/O. Valid only in
little-endian mode.
Bus release BREQ | Bus release request signal
request
Bus release BACK (0] Bus release acknowledge signal
acknowledgment
Row address RAS2L (@] When DRAM is used in area 2, RAS2L signal for
strobe 2L lower 32-Mbyte address
Row address RAS2U (0] When DRAM is used in area 2, RAS2U signal for

strobe 2U

upper 32-Mbyte address

Mask ROM chip
select

MCS[0]- MCS[7] O

Chip select signal for mask ROM connected to area
Oor?2.
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10.1.4 Register Configuration

The BSC has 21 registers (table 10.2). The synchronous DRAM also has a built-in synchronous
DRAM mode register. These registers control direct connection interfaces to memory, wait states
refreshes, and PCMCIA devices.

Table 10.2 Register Configuration

Name Abbr. R/W Initial Value * Address Bus Width
Bus control register 1 BCR1 R/W H'0000 H'FFFFFF60 16
Bus control register 2 BCR2 R/W H'3FFO H'FFFFFF62 16
Wait state control register 1 WCR1 R/W  H'3FF3 H'FFFFFF64 16
Wait state control register 2 WCR2 R/W H'FFFF H'FFFFFF66 16
Individual memory control MCR R/W H'0000 H'FFFFFF68 16
register

DRAM control register DCR R/W H'0000 H'FFFFFF6A 16
PCMCIA control register PCR R/W H'0000 H'FFFFFF6C 16
Refresh timer control/status RTCSR R/W H'0000 H'FFFFFF6E 16
register

Refresh timer counter RTCNT R/W H'0000 H'FFFFFF70 16
Refresh time constant register RTCOR R/W H'0000 H'FFFFFF72 16
Refresh count register RFCR R/W  H'0000 H'FFFFFF74 16
Bus control register 3 BCR3 R/W H'0000 H'FFFFFF7E 16
Synchronous DRAM mode SDMR W — H'FFFFDO00- 8
register, area 2 H'FFFFDFFF
Synchronous DRAM mode H'FFFFEO0O—
register, area 3 H'FFFFEFFF
MCSO0 control register MCSCRO R/W  H'0000 H'FFFFFF50 16
MCS1 control register MCSCR1 R/W  H'0000 H'FFFFFF52 16
MCS2 control register MCSCR2 R/W  H'0000 H'FFFFFF54 16
MCS3 control register MCSCR3 R/W  H'0000 H'FFFFFF56 16
MCS4 control register MCSCR4 R/W  H'0000 H'FFFFFF58 16
MCSS5 control register MCSCR5 R/W H'0000 H'FFFFFF5A 16
MCS6 control register MCSCR6 R/W  H'0000 H'FFFFFF5C 16
MCS?7 control register MCSCR7 R/W  H'0000 H'FFFFFF5E 16

Notes: For details, see section 10.2.9, Synchronous DRAM Mode Register (SDMR).
* Initialized by power-on resets.
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10.1.5 Area Overview

Space Allocation:In the architecture of this LSI, both logical spaces and physical spaces have 3
bit address spaces. The logical space is divided into five areas by the value of the upper bits of

address. The physical space is divided into eight areas.

Logical space can be allocated at physical spaces using a memory management unit (MMU). F
details, refer to section 3, Memory Management Unit (MMU), which describes area allocation fol
physical spaces.

As listed in table 10.3, this LS| can be connected directly to six areas of memory/PCMCIA

is asserted during area 0 acc&ss) is asserted during area 6 access. When DRAM is connected
to area 2 or 3, signals suchRAS, CAS, and RDWR are also asserted. When PCMCIA interface
is selected in area 5 or 6, in additior(®5/CS6, CE2A/CE2B are asserted for the corresponding

bytes accessed.

H'OOOOOOOO £- 7777A7r7e7§7q7(9789) 77777 H'OOOOOOOO
... Internal O | H04000000
H'20000000 | Ar,ef’fl,z, 7(975727) 77777 H'08000000
, 2772:P0, U022 //,’///,/// NN Area3(CS3) | H0C000000
H'40000000 L /W "W Area4(CS4) | H10000000
Do NN Aead CSh)
oz sz 1 W\ Area5 (CS5) | H14000000
H'60000000 i \\|Area6(CS6) | H'18000000
I ,” /Z’/// [ Reserved area ./
H'80000000 0
P1 S Physical address space
e NI
H'A0000000 Ji
P2 ///
H'C0000000 /
P3 /
S = /
H'E0000000
P4

Logical address space

Note: For logical address spaces PO and P3, when the memory management unit (MMU) is
on, it can optionally generate a physical address for the logical address. It can be
applied when the MMU is off and when the MMU is on and each physical address for

the logical address is equal except for upper three bits.

Figure 10.2 Corresponding to Logical Address Space and Physical Address Space

229
HITACHI



Table 10.3 Physical Address Space Map

Area Connectable Memory

Physical Address

Capacity Access Size

0 Ordinary memory™?, burst ROM  H'00000000 to H'03FFFFFF 64 Mbytes 8, 16, 32"2
H'00000000 + H'20000000 x nto Shadow  n:1-6
H'03FFFFFF + H'20000000 x n
1 Internal 1/O registers™8 H'04000000 to H'07FFFFFF 64 Mbytes 8, 16, 32"3
H'04000000 + H'20000000 x n to Shadow n: 1-6
H'07FFFFFF + H'20000000 % n
2 Ordinary memory*1, H'08000000 to H'OBFFFFFF 64 Mbytes 8, 16, 32"3. "4
synchronous DRAM, DRAM H'08000000 + H'20000000 x n to Shadow  n: 1-6
H'OBFFFFFF + H'20000000 x n
3 Ordinary memory, H'0C000000 to H'OFFFFFFF 64 Mbytes 8, 16, 32"3.*5
Sé’gcé"onzus DRAM, DRAM 110000000 + H'20000000 x n to Shadow  n: 1-6
(EDO mode) H'OFFFFFFF + H'20000000 x n
4 Ordinary memory H'10000000 to H'13FFFFFF 64 Mbytes 8, 16, 32"3
H'10000000 + H'20000000 x n to Shadow n: 1-6
H'13FFFFFF + H'20000000 % n
5 Ordinary memory, PCMCIA, H'14000000 to H'15FFFFFF 32 Mbytes 8, 16,32 *3.*6
burst ROM
Ordinary memory, burst ROM H'16000000 to H'17FFFFFF 32 Mbytes
H'14000000 + H'20000000 x nto Shadow n: 1-6
H'17FFFFFF + H'20000000 % n
6 Ordinary memory, PCMCIA, H'18000000 to H'19FFFFFF 32 Mbytes 8, 16, 32 *3.*6
burst ROM H'1A000000 to H'1BFFFFFF
H'18000000 + H'20000000 x n to Shadow n: 1-6
H'1BFFFFFF + H'20000000 x n
7'7  Reserved area H'1C000000 + H'20000000 x n n: 0-7
to H'1IFFFFFFF + H'20000000 x n
Notes: *1 Memory with interface such as SRAM or ROM.
*2 Use external pin to specify memory bus width.
*3 Use register to specify memory bus width.
*4 With synchronous DRAM interfaces, bus width must be 16 or 32 bits. With DRAM
interfaces, bus width must be 16 bits.
*5 With synchronous DRAM interfaces, bus width must be 16 or 32 bits. With DRAM
interfaces, bus width must be 16 or 32 bits.
*6 With PCMCIA interface, bus width must be 8 or 16 bits.
*7 Do not access the reserved area. If the reserved area is accessed, the correct
operation cannot be guaranteed.
*8 When the control register in area 1 is not used for address translation by the MMU, set
the top three bits of the logical address to 101 to allocate in the P2 space.
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burst ROM
Area 1: H'04000000
Internal 1/0
Area 2: H08000000 Ordinary memory/ Only DRAM with a 16-bit bus
synchronous DRAM, DRAM | can be connected to area 2
Area 3: H'0OC000000 Ordinary memory/

synchronous DRAM, DRAM

Area 4: H'10000000
Ordinary memory

Area 5: H'14000000 Ordinary memory/ The PCMCIA interface is shared
burst ROM/PCMCIA by the memory and I/O card

Area 6: H'18000000 Ordinary memory/ The PCMCIA interface is shared
burst ROM/PCMCIA by the memory and 1/O card

Figure 10.3 Physical Space Allocation

Memory Bus Width: The memory bus width in this LSI can be set for each area. In area 0, an
external pin can be used to select byte (8 bits), word (16 bits), or longword (32 bits) on power-or
reset. The correspondence between the external pins (MD4 and MD3) and memory size is liste(
table below.

Table 10.4 Correspondence between External Pins (MD4 and MD3) and Memory Size

MD4 MD3 Memory Size

0 0 Reserved (Do not set)
0 1 8 bits

1 0 16 bits

1 1 32 bits

For areas 2—6, byte, word, and longword may be chosen for the bus width using bus control
register 2 (BCR2) whenever ordinary memory, ROM, or burst ROM are used. When the DRAM
or synchronous DRAM interface is used, word or longword can be chosen as the bus width.

When area 2 is used as a DRAM area, set the bus width of area 2 to word. When the PCMCIA
interface is used, set the bus width to byte or word. When synchronous DRAM is connected to
both area 2 and area 3, set the same bus width for areas 2 and 3. When using port A or B, set ¢
width of 8 or 16 bits for all areas. For more information, see section 10.2.2, Bus Control Registe
(BCR2).
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Shadow SpaceAreas 0, 2—6 are decoded by physical addresses A28-A26, which correspond to
areas 000 to 110. Address bits 31-29 are ignored. This means that the range of area 0 addresse
for example, is H'00000000 to H'03FFFFFF, and its corresponding shadow space is the address
space obtained by adding to it H'20000600 (n= 1-6). The address range for area 7, which is
on-chip 1/O space, is H'1C000000 to H'1FFFFFFF. The address space H'1C000000 + H'200000C
x n—H'1FFFFFFF + H'20000000n (n= 0-7) corresponding to the area 7 shadow space is
reserved, so do not use it.

10.1.6 PCMCIA Support
This LSI supports PCMCIA standard interface specifications in physical space areas 5 and 6.

The interfaces supported are basically the "IC memory card interface" and "I/O card interface"
stipulated in JEIDA Specifications Ver. 4.2 (PCMCIA2.1).

Table 10.5 PCMCIA Interface Characteristics

Item Feature

Access Random access

Data bus 8/16 bits

Memory type Mask ROM, OTPROM, EPROM, EEPROM, flash memory, SRAM
Memory capacity Maximum 32 Mbytes

1/0 space capacity Maximum 32 Mbytes

Others Dynamic bus sizing of I/0O bus width*

The PCMCIA interface can be accessed from the address translation
area or non-address translation area.

Note: * Dynamic bus sizing of I/O bus width is supported only in the little endian mode.
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Area 5: H'14000000

Area 5: H'16000000

Area 6: H'18000000

Area 6: H'1A000000

Commom memory/Attribute memory

I/O space

Commom memory/Attribute memory

I/O space

Figure 10.4 PCMCIA Space Allocation

Table 10.6 PCMCIA Support Interface

IC Memory Card Interface

I/0O Card Interface

Pin Signal I/O  Function Signal I/O  Function SH7709A Pin
1 GND — Ground GND — Ground —

2 D3 /O Data D3 /O Data D3

3 D4 I/O Data D4 I/O Data D4

4 D5 /0 Data D5 /O Data D5

5 D6 /O Data D6 /O Data D6

6 D7 I/O Data D7 I/O Data D7

7 CE1 | Card enable CE1 | Card enable CE1A or CE1B
8 A10 | Address Al10 I Address Al0

9 OE | Output enable OE | Output enable RD

10 A1l | Address All I Address All

11 A9 | Address A9 I Address A9

12 A8 | Address A8 | Address A8

13 A13 | Address A13 I Address Al13

14 Al4 | Address Al4 I Address Al4

15 WE/PGM |  Write enable WE/PGM |  Write enable WE

16 RDY/BSY O Ready/Busy IREQ O Ready/Busy —

17 Vo Operation power Vee Operation power —

18 V., Program power Vops Program/ —

peripheral power
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Table 10.6 PCMCIA Support Interface (cont)

IC Memory Card Interface

1/0 Card Interface

Pin Signal I/O  Function Signal I/0  Function SH7709A Pin
19 A16 I Address Al6 | Address Al6
20 Al5 | Address Al5 | Address Al5
21 Al12 | Address Al12 | Address Al12
22 A7 I Address A7 | Address A7

23 A6 | Address A6 | Address A6

24 A5 | Address A5 | Address A5

25 A4 I Address Ad | Address A4

26 A3 | Address A3 | Address A3

27 A2 | Address A2 | Address A2

28 Al I Address Al | Address Al

29 A0 | Address A0 | Address A0

30 DO /O Data DO /0 Data DO

31 D1 I/O Data D1 /0 Data D1

32 D2 /O Data D2 /0 Data D2

33 WP* O  Write protect 10IS16 O  16-bit I/O port I101S16
34 GND Ground GND Ground —

35 GND Ground GND Ground —

36 CD1 O Card detection CD1 O Card detection —

37 D11 /O Data D11 /0 Data D11
38 D12 I/O Data D12 /0 Data D12
39 D13 /O Data D13 /0 Data D13
40 D14 I/O Data D14 /0 Data D14
41 D15 /O Data D15 /0 Data D15
42 CE2 | Card enable CE2 | Card enable CE2A or CE2B
43 VS1 | Voltage sense 1 VS1 |  Voltagesensel —

44 RFU Reserved IORD I I/Oread ICIORD
45 RFU Reserved IOWR I I/O write ICIOWR
46 Al7 I Address Al7 | Address Al7
47 A18 | Address Al18 | Address Al18
48 A19 | Address A19 | Address A19

Note: * This chip does not support WP.
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Table 10.6 PCMCIA Support Interface (cont)

IC Memory Card Interface

I/0O Card Interface

Pin Signal /O Function Signal I/O  Function SH7709A Pin
49 A20 | Address A20 I Address A20
50 A21 | Address A21 | Address A21
51 V. Power supply Ve Power supply —
52 Vgp, Program power Vo, Program/ —
peripheral power
53 A22 | Address A22 | Address A22
54 A23 | Address A23 | Address A23
55 A24 | Address A24 I Address A24
56 A25 | Address A25 I Address A25
57 VS2 | Voltage sense 2 Vs2 |  Voltagesense2 —
58 RESET | Reset RESET | Reset —
59 WAIT O  Wait request WAIT O  Wait request —
60 RFU Reserved INPACK O Input acknowledge —
61 REG | Attribute memory  REG | Attribute memory —
space select space select
62 BVD2 O Battery voltage SPKR O Digital voice signal —
detection
63 BVD1 O Battery voltage STSCHG O Card state —
detection change
64 D8 /O Data D8 I/O Data D8
65 D9 /0 Data D9 /O Data D9
66 D10 /0 Data D10 I/O Data D10
67 CD2 O Card detection CcD2 O Card detection —
68 GND Ground GND Ground —
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10.2 BSC Registers

10.2.1  Bus Control Register 1 (BCR1)

Bus control register 1 (BCR1) is a 16-bit read/write register that sets the functions and bus cycle
state for each area. It is initialized to H'0000 by a power-on reset, but is not initialized by a manue
reset or by standby mode. Do not access external memory outside area 0 until BCR1 register
initialization is complete.

Bitt 15 14 13 12 11 10 9 8
\ PULA \ PULD ‘HIZMEM‘ HIZCNT‘ ENDIAN‘AOBSTl‘AOBSTO‘ASBSTl‘
Initial value: 0 0 0 0 0/1* 0 0 0
RW: RW RW RW  RW R RW  RW  RW
Bit: 7 6 5 4 3 2 1 0

A5BSTO | A6BST1| A6BSTO| DRAM | DRAM | DRAM | A5 PCM| A6 PCM
TP2 TP1 TPO

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: * Samples the value of the external pin (MD5) designhating endian at power-on reset.

Bit 15—Pin A25 to A0 Pull-Up (PULA): Specifies whether or not pins A25 to A0 are pulled up
for 4 cycles immediately aft&8ACK is asserted.

Bit 15: PULA Description
0 Not pulled up (Initial value)
1 Pulled up

Bit 14—Pin D31 to DO Pull-Up (PULD): Specifies whether or not pins D31 to DO are pulled up
when not in use.

Bit 14: PULD Description

0 Not pulled up (Initial value)
1 Pulled up

236

HITACHI



Bit 13—Hi-Z memory control (HIZMEM): Specifies the state of A25-BS, CS, RDWR,
WE/DQM, RD, CE2A, CE2B and DRAKO/1 in standby mode.

Bit 13: HIZMEM Description

0 A25-0, BS, CS, RD/WR, WE/DQM, RD, CE2A, CE2B and DRAKO/1 are Hi-Z
in standby mode. (Initial value)

1 A25-0, BS, CS, RD/WR, WE/DQM, RD, CE2A, CE2B and DRAKO/1 are

High in standby mode.

Bit 12—High-Z Control (HIZCNT): Specifies the state of tlRAS and theCAS signals at
standby and bus right release.

Bit 12: HIZCNT Description

0 The RAS and the CAS signals are high-impedance state (High-Z) at standby
and bus right release. (Initial value)

1 The RAS and the CAS signals are driven at standby and bus right release.

Bit 11—Endian Flag (ENDIAN): Samples the value of the external pin designating endian upon
a power-on reset. Endian for all physical spaces is decided by this bit, which is read-only.

Bit 11: ENDIAN Description

0 (On reset) Endian setting external pin (MD5) is low. Indicates the SH7709A
is set as big endian.

1 (On reset) Endian setting external pin (MD5) is high. Indicates the SH7709A

is set as little endian.

Bits 10 and 9—Area 0 Burst ROM Control (AOBST1, AOBSTO)Specify whether to use burst
ROM in physical space area 0. When burst ROM is used, set the number of burst transfers.

Bit 10: AOBST1 Bit 9: AOBSTO Description
0 0 Access area 0 as ordinary memory (initial value)
1 Access area 0 as burst ROM (4 consecutive accesses).

Can be used when bus width is 8, 16, or 32.

1 0 Access area 0 as burst ROM (8 consecutive accesses).
Can be used when bus width is 8 or 16.

1 Access area 0 as burst ROM (16 consecutive
accesses). Can be used only when bus width is 8.
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Bits 8 and 7—Area 5 Burst Enable (A5BST1, A5BSTO0)Specify whether to use burst ROM
and PCMCIA burst mode in physical space area 5. When burst ROM and PCMCIA burst mode
are used, set the number of burst transfers.

Bit 8: ASBST1 Bit 7: ASBSTO Description
0 0 Access area 5 as ordinary memory (initial value)
1 Burst access of area 5 (4 consecutive accesses). Can

be used when bus width is 8, 16, or 32.

1 0 Burst access of area 5 (8 consecutive accesses). Can
be used when bus width is 8 or 16.

1 Burst access of area 5 (16 consecutive accesses). Can
be used only when bus width is 8.

Bits 6 and 5—Area 6 Burst Enable (A6BST1, A6BSTO0)Specify whether to use burst ROM
and PCMCIA burst mode in physical space area 6. When burst ROM and PCMCIA burst mode
are used, set the number of burst transfers.

Bit 6: A6BST1 Bit 5: A6BSTO Description
0 0 Access area 6 as ordinary memory (initial value)
1 Burst access of area 6 (4 consecutive accesses). Can

be used when bus width is 8, 16, or 32.

1 0 Burst access of area 6 (8 consecutive accesses). Can
be used when bus width is 8 or 16.

1 Burst access of area 6 (16 consecutive accesses). Can
be used only when bus width is 8.
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Bits 4 to 2—Area 2, Area 3 Memory Type (DRAMTP2 to DRAMTPO):Designate the types of
memory connected to physical space areas 2 and 3. Ordinary memory, such as ROM, SRAM, ¢
flash ROM, can be directly connected. DRAM, and synchronous DRAM can also be directly
connected.

Bit 4: DRAMTP2 Bit 3: DRAMTP1 Bit 2: DRAMTPO Description

0 0 0 Areas 2 and 3 are ordinary memory
(Initial value)

Reserved (Setting disabled)

1 0 Area 2: ordinary memory; area 3:
synchronous DRAM

1 Areas 2 and 3 are synchronous DRAM**
1 0 0 Area 2: ordinary memory; area 3: DRAM
1 Areas 2 and 3 are DRAM *?
1 0 Reserved (Setting disabled)
1

Reserved (Setting disabled)

Notes: *1 When selecting this mode, set the same bus width for area 2 and area 3.
*2 When selecting this mode, set the area 2 bus width as word.

Bit 1—Area 5 Bus Type (A5PCM): Designates whether to access physical space area 5 as
PCMCIA space.

Bit 1: ASPCM Description
0 Access physical space area 5 as ordinary memory (Initial value)
1 Access physical space area 5 as PCMCIA space

Bit 0—Area 6 Bus Type (A6PCM): Designates whether to access physical space area 6 as
PCMCIA space.

Bit 0: A6PCM Description
0 Access physical space area 6 as ordinary memory (Initial value)
1 Access physical space area 6 as PCMCIA space
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10.2.2  Bus Control Register 2 (BCR2)

The bus control register 2 (BCR2) is a 16-bit read/write register that selects the bus-size width of
each area. It is initialized to H'3FFO by a power-on reset, but is not initialized by a manual reset o
by standby mode. Do not access external memory outside area 0 until BCR2 register initializatior
is complete.

Bitt 15 14 13 12 11 10 9 8
| — | — | mesz1| Aesz0| A5SZ1 | A5SZ0 | A4SZ1| A4SZ0 |
Initial value: 0 0 1 1 1 1 1 1
RW: R R RW RW RW RW RW RW
Bitt 7 6 5 4 3 2 1 0
| A3sz1 | A3sz0| A2sz1 | A2sz0| — | — | — | — |
Initial value: 1 1 1 1 0 0 0 0

R/W: R/W R/W R/W R/W
Bits 15, 14, 3, 2, 1, and 0—Reservedhese bits are always read as 0. The write value should
always be 0.

Bits 2n + 1, 2n—Area n (2—6) Bus Size Specification (AnSZ1, AnSZ@pecify the bus sizes of
physical space area n£? to 6).

Bit 2n + 1: AnSZ1 Bit 2n: AnSZ0 PortA/B Description

0 0 Unused Reserved (Setting disabled)
1 Byte (8-bit) size

1 0 Word (16-bit) size
1 Longword (32-bit) size

0 0 Used Reserved (Setting disabled)
1 Byte (8-bit) size

1 0 Word (16-bit) size
1 Reserved (Setting disabled)
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10.2.3  Bus Control Register 3 (BCR3)

Bus control register 3 (BCR3) is a 16-bit read/write register that specifies RAS and CAS timing
for the DRAM (areas 2 and 3). This enables a large amount of data to be transferred efficiently,
for example, when transferring image data. The BCR3 is initialized to H'0000 by power-on rese
but is not initialized by manual resets or in the standby mode. The bits EXTEND, TPC31-30,
RCD31-30, TRAS31-30, TPC21-20, RCD21-20, and TRAS21-20 are written to during the
initialization after a power-on reset and are not modified again.

Bitt 15 14 13 12 11 10 9 8
EXT — | TPc31 | TPC30 | RCD31 | RCD30 | TRAS31| TRAS30
END
Initial value: 0 0 0 0 0 0 0 0
RW: RW R RW RW RW RW RW RW
Bitt 7 6 5 4 3 2 1 0
| — | — | 7TPca1| TPC20| RCD21 | RCD20 | TRAS21| TRAS20|
Initial value: 0 0 0 0 0 0 0 0
RW: R R RW RW RW RW RW RW

Bit 15—BSC DRAM Access Mode Extended Control (EXTEND)The EXTEND bit specifies

the short pitch access mode to the DRAM (areas 2 and 3). Setting the EXTEND bit to 1 enables
single access to be performed in a minimum of two cycles (RCDn (1-0) = 00) to the DRAM, and
a burst access to be performed in a pitch of one cycle for the second and later data. In addition
setting the EXTEND bit to 1, other bits of the BCR3 register (TPC31-30, SCD31-30, TRAS31-
30, TPC21-20, RCD21-20, and TRAS21-20 become valid.

Bit 15: EXTEND Description

0 The BSC is set to normal mode. (Initial value)

1 The BSC is set to extended mode. DRAM is accessed in a short pitch.

Bits 14, 7, and 6—Reservedlhese bits are always read as 0. The write value should always be |
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Bits 13 and 12—RAS Precharge Time (TPC31, TPC30yVhen the EXTEND bit in BCR3 is

set to 1, the BSC uses the TPC (31-30) bits. When the DRAM interface is selected as the
connected memory of area 3, the TPC bits set the minimum number of cycles for RAS precharge
until the next RAS assertion after RAS negation. Set the same value for TPC31-30 and TPC21—
in BCR3, TPC1-0 in the MCR, and TPC1-0 in the DCR.

Bit 13 Bit 12

TPC31 TPC30 Function

0 0 1 cycle (Initial value)
0 1 2 cycles

1 0 3 cycles

1 1 4 cycles

Bits 11 and 10—RAS-CAS Delay (RCD31, RCD30When the EXTEND bit in BCR3 is set to

1, the BSC uses the RCD (31-30) bits in place of the RCD (1-0) bits in the MCR. When the
DRAM interface is selected as the connected memory of area 3, these bits set the RAS-CAS ass
delay.

Bit 11 Bit 10

RCD31 RCD30 Function

0 0 1 cycle (Initial value)
0 1 2 cycles

1 0 3 cycles

1 1 4 cycles

Bits 9 and 8—CAS-Before-RAS Refresh RAS Assert Time (TRAS31, TRAS30)Mhen the
EXTEND bit in BCR3 is set to 1, the BSC uses the TRAS (31-30) bits. When the DRAM
interface is selected as the connected memory of area 3, these bits set the RAS assert period fot
CAS-before-RAS refreshes. Set the same value for TRAS31-30 and TRAS21-20 in BCR3, TRA
1-0in the MCR, and TRAS 1-0 in the DCR.

Bit 9 Bit 8

TRAS31 TRAS30 Function

0 0 2 cycles (Initial value)
0 1 3 cycles

1 0 4 cycles

1 1 5 cycles
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Bits 5 and 4—RAS Precharge Time (TPC21, TPC20When the EXTEND bit in BCR3 is set

to 1, the BSC uses the TPC (21-20) bits. When the DRAM interface is selected as the connect
memory of area 2, the TPC bits set the minimum number of cycles for RAS precharge until the
next RAS assertion after RAS negation.

Bit 5 Bit 4 Function

TPC21 TPC20 Normal After self refresh

0 0 1 cycle (Initial value) 2 cycles (Initial value)
0 1 2 cycles 5 cycles

1 0 3 cycles 8 cycles

1 1 4 cycles 11 cycles

Bits 3 and 2—RAS-CAS Delay (RCD21, RCD20MWhen the EXTEND bit in BCR3 is setto 1,
the BSC uses the RCD (21-20) bits in place of the RCD (1-0) bits in the DCR. The RAS-CAS
delay is set for the DRAM interface connected to area 2.

Bit 3 Bit 2

RCD21 RCD20 Function

0 0 1 cycle (Initial value)
0 1 2 cycles

1 0 3 cycles

1 1 4 cycles

Bits 1 and 0—CAS-Before-RAS Refresh RAS Assert Time (TRAS21, TRAS20)hen the
EXTEND bit in BCR3 is set to 1, the BSC uses the TRAS (21-20) bits in place of the TRAS (1
bits in the DCR. The RAS assert time is set for the DRAM interface connected to area 2 when
CAS-before-RAS refreshes.

Bit 1 Bit 0

TRAS21 TRAS20 Function

0 0 2 cycles (Initial value)
0 1 3 cycles

1 0 4 cycles

1 1 5 cycles

Bits 14, 7, and 6—Reservedlhese bits are always read as 0. The write value should always be |
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10.2.4  Wait State Control Register 1 (WCR1)

Wait state control register 1 (WCR1) is a 16-bit read/write register that specifies the number of
idle (wait) state cycles inserted for each area. For some memories, the drive of the data bus may
not be turned off quickly even when the read signal from the external device is turned off. This
can result in conflicts between data buses when consecutive memory accesses are to different
memories or when a write immediately follows a memory read. This LS| automatically inserts idle
states equal to the number set in WCRL1 in those cases.

WCRL1 is initialized to H'3FF3 by a power-on reset. It is not initialized by a manual reset or by
standby mode.

Bitt 15 14 13 12 11 10 9 8
WAITSELl  — | AGIWL | AGIWO | ASIWL | ASIWO | A4IWL | A4IWO |
Initial value: 0 0 1 1 1 1 1 1
RW:  R/W R RW RW RW RW RW RW
Bitt 7 6 5 4 3 2 1 0
| A3W1 | A3WO | A2WL | A2WO | — | — | AOIWL| AOIWO |
Initial value: 1 1 1 1 0 0 1 1
RW: RW RW RW  RW R R RW  RW

Bit 15—WAIT Sampling Timing Select (WAITSEL): Specifies the WAIT signal sampling
timing.

Bit 15: WAITSEL Description

0 Sampled at rise of CKIO. In this case, the WAIT signal must be input
synchronously (Initial value)

1 Sampled at fall of CKIO. In this case, the WAIT signal can be input
asynchronously

Bits 14, 3, and 2 —ReservedThese bits are always read as 0. The write value should always be
0.

Bits 2n + 1, 2n—Area n (6-2, 0) Intercycle Idle Specification (AnIW1, AnlWO0)Specify the
number of idles inserted between bus cycles when switching between physical space area n (6—
0) to another space or between a read access to a write access in the same physical space.
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Bit2n + 1: AnlW1 Bit 2n: AnIWO0 Description

0 0 1 idle cycle inserted
1 1 idle cycle inserted
1 0 2 idle cycles inserted
1 3 idle cycles inserted (Initial value)

10.2.5 Wait State Control Register 2 (WCR2)

Wait state control register 2 (WCR2) is a 16-bit read/write register that specifies the number of
wait state cycles inserted for each area. It also specifies the pitch of data access for burst memc
accesses. This allows direct connection of even low-speed memories without an external circuit
WCRZ2 is initialized to H'FFFF by a power-on reset. It is not initialized by a manual reset or by
standby mode.

Bitt 15 14 13 12 11 10 9 8
\ AG W2 \ A6W1‘ A6 WO \ A5W2‘ A5 W1 \ A5 WO \ A4W2‘ A4 W1 \
Initial value: 1 1 1 1 1 1 1 1

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

Bitt 7 6 5 4 3 2 1 0
\ A4 WO \ A3W1‘ A3 WO \ A2W1‘ A2 WO \ AO W2 \ AOWl‘ AO WO \
Initial value: 1 1 1 1 1 1 1 1

R/W: R/W R/W R/W R/W R/W R/W R/W R/W
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Bits 15 to 13—Area 6 Wait Control (A6W2 to A6WO0):Specify the number of wait states
inserted into physical space area 6. Also specify the burst pitch for burst transfer.

Description
Burst Cycle

First Cycle (Excluding First Cycle)

Bit15: Bit14: Bit13: Inserted L Number of States
ABW2  ABW1  A6WO  Wait States WAIT Pin Per Data Transfer WAIT Pin
0 0 0 0 Disable 2 Enable
1 1 Enable 2 Enable

1 0 2 Enable 3 Enable

1 3 Enable 4 Enable

1 0 0 4 Enable 4 Enable
1 6 Enable 6 Enable

1 0 8 Enable 8 Enable

1 10 Enable 10 Enable

(Initial value)

Bits 12 to 10—Area 5 Wait Control (A5W2 to A5SWO0):Specify the number of wait states
inserted into physical space area 5. Also specify the burst pitch for burst transfer.

Description
Burst Cycle

First Cycle (Excluding First Cycle)

Bit 12: Bit11: Bit10: Inserted L Number of States
ASW2 A5W1 A5WO0  Wait States WAIT Pin Per Data Transfer WAIT Pin
0 0 0 0 Disable 2 Enable
1 1 Enable 2 Enable

1 0 2 Enable 3 Enable

1 3 Enable 4 Enable

1 0 0 4 Enable 4 Enable
1 6 Enable 6 Enable

1 0 8 Enable 8 Enable

1 10 Enable 10 Enable

(Initial value)
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Bits 9 to 7—Area 4 Wait Control (A4W2 to A4WO0): Specify the number of wait states inserted
into physical space area 4.

Description
Bit 9: AAW2 Bit 8: AAW1 Bit 7: AAWO0 Inserted Wait State WAIT Pin
0 0 0 0 Ignored
1 1 Enable
1 0 2 Enable
1 3 Enable
1 0 0 4 Enable
1 6 Enable
1 0 8 Enable
1 10 Enable (Initial value)

Bits 6 and 5—Area 3 Wait Control (A3W1, A3WO0): Specify the number of wait states inserted
into physical space area 3. When the DRAM is used for area 3 and the EXTEND bit of BCR3 is
set, the BSC ignores bits 6 and 5.

¢ For Ordinary memory

Description
Bit 6: A3W1 Bit 5: A3WO0 Inserted Wait States WAIT Pin
0 0 0 Ignored
1 1 Enable
1 0 2 Enable
1 3 Enable (Initial value)

e For DRAM, Synchronous DRAM

Description
DRAM: CAS
Bit 6: A3W1 Bit 5: A3WO0 Assert Period Synchronous DRAM: CAS Latency
0 0 1 1
1 1 1
1 0 2 2
1 3 3 (Initial value)
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Bits 4 and 3—Area 2 Wait Control (A2W1, A2WO0): Specify the number of wait states inserted
into physical space area 2. When the DRAM is used for area 2 and the EXTEND bit of the BCR:
is set, the BSC ignores bits 4 and 3.

» For Ordinary memory

Description
Bit 4: A2W0 Bit 3: A2W0 Inserted Wait States WAIT Pin
0 0 0 Ignored
1 1 Enable
1 0 2 Enable
1 3 Enable (Initial value)
» For DRAM, Synchronous DRAM
Description
Synchronous DRAM:
Bit 4: A2wW1 Bit 3: A2WO0 DRAM: CAS Assert Period CAS Latency
0 0 1 1
1 1 1
1 0 2 2
1 3 3 (Initial value)

Bits 2 to 0—Area 0 Wait Control (AOW2 to AOWO): Specify the number of wait states inserted
into physical space area 0. Also specify the burst pitch for burst transfer.

Description
Burst Cycle
First Cycle (Excluding First Cycle)
Bit 2: Bit 1: Bit 0: Inserted _ Number of States
AOW2 AOW1 AOWO  Wait States WAIT Pin Per Data Transfer WAIT Pin
0 0 0 0 Ignored 2 Enable
1 1 Enable 2 Enable
1 0 2 Enable 3 Enable
1 3 Enable 4 Enable
1 0 0 4 Enable 4 Enable
1 6 Enable 6 Enable
1 0 8 Enable 8 Enable
1 10 Enable 10 Enable
(Initial value)
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10.2.6  Individual Memory Control Register (MCR)

The individual memory control register (MCR) is a 16-bit read/write register that sp&ckes
andCAS timing and burst control for DRAM(area 3 only), synchronous DRAM (areas 2 and 3),
specifies address multiplexing, and controls refresh. This enables direct connection of DRAM, a
synchronous DRAM without external circuits.

The MCR is initialized to H'0000 by power-on resets, but is not initialized by manual resets or
standby mode. The bits TPC1-TPC0, RCD1-RCDO, TRWL1-TRWLO, TRAS1-TRASO, RASD,
BE, AMX2-AMXO0, and EDOMODE are written to at the initialization after a power-on reset and
are not then modified again. When RFSH and RMODE are written to, write the same values to t
other bits. When using DRAM, and synchronous DRAM, do not access areas 2 and 3 until this
register is initialized.

Bitt 15 14 13 12 11 10 9 8
‘ TPC1 ‘ TPCO ‘ RCD1 ‘ RCDO ‘ TRWLl‘ TRWLO‘ TRASl‘ TRASO‘
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

Bit: 7 6 5 4 3 2 1 0
RASD BE AMX2 | AMX1 | AMXO RFSH | RMODE| EDO
MODE
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

Bits 15 and 14—RAS Precharge Time (TPC1, TPCOWhen DRAM interface is selected as
connected memory, the TPC bits set the minimum number of cycles until the next RAS assertiol
after RAS negation. When synchronous DRAM interface is selected, they set the minimum
number of cycles until output of the next bank-active command after precharge. The number of
cycles inserted immediately after issuing the Precharge All Banks command (PALL) in auto-
refreshing or Precharge command (PRE) in bank active mode is one less than the normal value
bank active mode, do not set TPC1 = 0 and TPCO = 0. Set the same value for TPC31-30 and
TPC21-20 in BCR3, TPC1-0 in the MCR, and TPC1-0 in the DCR.
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Description

Bit 15: Bit 14: Immediately after Immediately after
TPC1 TPCO Normal Operation *  Precharge Command * Self-Refresh
0 0 1 cycle (Initial value) 0 cycle (Initial value) 2 cycles (Initial value)
1 2 cycles 1 cycle 5 cycles
1 0 3 cycles 2 cycles 8 cycles
1 4 cycles 3 cycles 11 cycles

Note: * Immediately after Precharge All Banks (PALL) command in auto-refreshing or Precharge
(PRE) command in bank active mode

Bits 13 and 12—RAS—CAS Delay (RCD1, RCDO)he RCD bits set the RAS—-CAS assert delay
time for the connected memory when DRAM interface is selected. When synchronous DRAM
interface is selected, sets the bank active read/write command delay time. When the EXTEND b
of BCR3 is set, the BSC ignores the RCD bhits.

Bit 13: RCD1 Bit 12: RCDO Description

0 0 1 cycle (Initial value)
1 2 cycles

1 0 3 cycles
1 4 cycles

Bits 11 and 10—Write-Precharge Delay (TRWL1, TRWLO0):The TRWL bits set the

synchronous DRAM write-precharge delay time. This designates the time between the end of a
write cycle and the next bank-active command. This is valid only when synchronous DRAM is
connected. After the write cycle, the next bank-active command is not issued for the period TPC
TRWL.

Bit 11: TRWL1 Bit 10: TRWLO Description

0 0 1 cycle (Initial value)
1 2 cycles
1 0 3 cycles
1 Reserved (Setting disabled)

Bits 9 and 8—CAS-Before RAS RefreshRAS Assert Time (TRAS1, TRAS0):When DRAM
interface is selected as connected memory, the TRAS bits eAfhassertion period fafAS-
beforeRAS refreshes. When synchronous DRAM interface is selected, no bank-active command
is issues during the period TPC + TRAS after an auto-refresh command. Set the same value for
TRAS31-30 and TRAS21-20 in BCR3, TRAS1-0 in the MCR, and TRAS1-0 in the DCR.
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Bit 9: TRAS1 Bit 8: TRASO Description

0 0 2 cycles (Initial value)
1 3 cycles

1 0 4 cycles
1 5 cycles

Bit 7—Synchronous DRAM Bank Active (RASD): Specifies whether synchronous DRAM is
used in bank active mode or auto-precharge mode. Set auto-precharge mode when areas 2 an
are both designated as synchronous DRAM space, or when 16 bits is set as the bus width.

Bit 7: RASD Description

0 Auto-precharge mode (Initial value)

1 Bank active mode

Bit 6—Burst Enable (BE): The BE bit specifies whether to conduct a burst access of DRAM.
When accessing synchronous DRAM, burst access is always carried out, regardless of this bit’s
designation.

Bit 6: BE Description
0 Burst disabled (Initial value)
1 When DRAM interface, do a high-speed page mode access

Bits 5 and 3—Address Multiplex (AMX2 to AMX0): The AMX bits specify address
multiplexing for DRAM and synchronous DRAM. The actual address shift value differs between
DRAM interface and synchronous DRAM interface.
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For DRAM Interface:

Bit 5: Bit 4: Bit 3:
AMX2 AMX1 AMXO0 Description
0 0 0 The row address begins with A9. (The A9 value is output at A1
when the row address is output.) (Initial value)
1 The row address begins with A10. (The A10 value is output at
Al when the row address is output.)
1 0 The row address begins with A11. (The A1l value is output at
Al when the row address is output.)
1 The row address being with A12. (The A12 value is output at
Al when the row address is output.)
1 0 0 (Reserved)
1 (Reserved)
1 0 (Reserved)
1 (Reserved)

For Synchronous DRAM Interface:

Bit5: Bit 4: Bit 3:
AMX2 AMX1 AMXO0 Description
1 0 0 The row address begins with A9. (The A9 value is output at A1
when the row address is output. 4 M x 16-bit products)
(Initial value)
1 The row address begins with A10. (The A10 value is output at
Al when the row address is output. 8 M x 8-hit products)
1 0 The row address begins with A11. (The A1l value is output at
Al when the row address is output. 16 M x 4-bit products)**
1 The row address begins with A9. (The A9 value is output at Al
when the row address is output. 2 M x 32-bit products) *2
0 0 0 The row address begins with A9. (The A9 value is output at A1
when the row address is output. 1 M x 16-bit products)
(Initial value)
1 The row address begins with A10. (The A10 value is output at
Al when the row address is output. 2 M x 8-bit products)*?
1 0 The row address begins with A11. (The A1l value is output at
Al when the row address is output. 4 M x 4-bit products)
1 The row address begins with A9. (The A9 value is output at A1

when the row address is output. 256 K x 16-bit products)

Notes: *1 Can only be set when using a 16-bit bus width.
*2 Can only be set when using a 32-bit bus width.
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Bit 2—Refresh Control (RFSH): The RFSH bit determines whether or not the refresh operation
of the DRAM and synchronous DRAM is performed. The timer for generation of the refresh
request frequency can also be used as an interval timer.

Bit 2: RFSH Description
0 No refresh (Initial value)
1 Refresh

Bit 1—Refresh Mode (RMODE): The RMODE bit selects whether to perform an ordinary

refresh or a self-refresh when the RFSH bit is 1. When the RFSH bit is 1 and this bit is 0, a CAS
before-RAS refresh or an auto-refresh is performed on DRAM or synchronous DRAM at the
period set by the refresh-related registers RTCNT, RTCOR and RTCSR. When a refresh reque:s
occurs during an external bus cycle, the bus cycle will be ended and the refresh cycle performet
When the RFSH bit is 1 and this bit is also 1, the DRAM or synchronous DRAM will wait for the
end of any executing external bus cycle before going into a self-refresh. All refresh requests to
memory that is in the self-refresh state are ignored.

Bit 1: RMODE Description
0 CAS-before-RAS refresh (RFSH must be 1) (Initial value)
1 Self-refresh (RFSH must be 1)

Bit 0—EDO Mode (EDOMODE): The EDOMODE bit specifies the data sampling timing during
data reads when using DRAM in EDO mode. Operating timing of memory other than DRAM doe
not change even if this bit is set. This bit is only valid for DRAM connected to area 3. Do not set
this bit to 1 when using synchronous DRAM.

Bit 0: EDOMODE Description

0 Set when using normal DRAM. Data sampling timing during read cycle is on
the falling edge of CKIO. (Initial value)

1 Set when using the EDO-mode DRAM. Data sampling timing during read
cycle is on the rising edge of CKIO. Also, RAS signal negate timing is
delayed 1/2 machine cycle.
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10.2.7 DRAM Control Register (DCR)

The DRAM control register (DCR) is a 16-bit read/write register that speBifissandCAS

timing and burst control for DRAM connected to area 2. It also specifies address multiplexing anc
controls refresh. When DRAM is connected to area 2, the bus width is fixed at 16 bits. The DCR |
initialized to H'0000 by power-on resets, but is not initialized by manual resets or standby mode.
Do not access external memory outside area 2 until this register’s initialization is complete.

Bitt 15 14 13 12 11 10 9 8
| TPC1 | TPCO | RCD1 | RCDO | — | — | TRASL| TRASO |
Initial value: 0 0 0 0 0 0 0 0
RW: RW RW RW  RW R R RW  RW
Bitt 7 6 5 4 3 2 1 0
| — | BE | — | AMX1 | AMX0 | RFSH |[RMODE| — |
Initial value: 0 0 0 0 0 0 0 0
RW: R RIW R RW RW  RW  RW

Bits 15 and 14—RAS Precharge Time (TPC1, TPCO)Xhe TPC bits set the RAS precharge
time for the DRAM connected to area 2. Set the same value for TPC31-30 and TPC21-20 in
BCR3, TPC1-0 in the MCR, and TPC1-0 in the DCR.

Bit 15: TPC1 Bit 14: TPCO Description

0 0 1 cycle (Initial value)
1 2 cycles

1 0 3 cycles
1 4 cycles

Bits 13 and 12—RAS-CAS Delay (RCD1, RCDO)he RCD bits set the RAS—CAS delay time
for the DRAM connected to area 2. When the BCR3 EXTEND bit is set, the BSCP ignores bits 1:
and 12.

Bit 13: RCD1 Bit 12: RCDO Description

0 0 1 cycle (Initial value)
1 2 cycles

1 0 3 cycles
1 4 cycles
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Bits 11, 10, 7, 5, and 0—Reservedhese bits are always read as 0. The write value should
always be 0.

Bits 9 and 8—CAS-Before-RAS Refresh RAS Assert Time (TRAS1, TRASOJhe TRAS bits

set timing for the DRAM connected to area 2. These bits set the RAS assert period for CAS-
before-RAS refreshes. Set the same value for TRAS31-30 and TRAS21-20 in BCR3, TRAS1
in the MCR, and TRAS1-0 in the DCR.

Bit 9: TRAS1 Bit 8: TRASO Description

0 0 2 cycles (Initial value)
1 3 cycles

1 0 4 cycles
1 5 cycles

Bit 6—Burst Enable (BE): The BE bit specifies whether to conduct a burst access of the DRAM
connected to area 2.

Bit 6: BE Description
0 Burst disabled (Initial value)
1 High-speed page mode access

Bits 4 and 3—Address Multiplex (AMX1, AMXO0): The AMX bits specify address multiplexing
for the DRAM connected to area 2.

Bit 4: AMX1 Bit 3: AMXO0 Description

0 0 8-bit column-address products (Initial value)
1 9-bit column-address products

1 0 10-bit column-address products
1 11-bit column-address products

Bit 2—Refresh Control (RFSH): The RFSH bit determines whether or not the refresh operation
of the DRAM connected to area 2 is performed

Bit 2: RFSH Description
0 No refresh (Initial value)
1 Refresh
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Bit 1—Refresh Mode (RMODE): The RMODE bit selects the refresh mode for the DRAM
connected to area 2.

Bit 1: RMODE Description
0 CAS-before-RAS refresh (RFSH must be 1) (Initial value)
1 Self-refresh (RFSH must be 1)

Bits 11, 10, 7, 5, and 0—Reservedhese bits are always read as 0. The write value should
always be 0.

10.2.8 PCMCIA Control Register (PCR)

The PCMCIA control register (PCR) is a 16-bit readable/writable register that specifies the
assertion and negation timing of & andWE signals for the PCMCIA interface connected to
areas 5 and 6. THeE andWE signal assertion width is set by the wait control bits in the WCR2
register.

PCR is initialized to H'0000 by a power-on reset, but is not initialized, and retains its contents, in
manual reset and in standby mode.

Bitt 15 14 13 12 11 10 9 8
\ ABW3 \ ASW3 \ — \ — ‘A5TED2‘A6TED2‘A5TEH2‘ A6TEH2‘
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

Bitt 7 6 5 4 3 2 1 0
\ A5TED1‘ A5TEDO‘ A6TED1‘ A6TEDO‘ A5TEH1‘ A5TEHO‘ A6TEH1‘ A6TEHO‘
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
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Bit 15—Area 6 Wait Control (A6W3): The A6W3 bit specifies the number of inserted wait
states for area 6 combined with bits A6W2-A6WO0 in WCR2. It also specifies the number of
transfer states in burst transfer. Set this bit to O when area 6 is not set to PCMCIA.

Top Cycle Burst Cycle
Number of
States per

Inserted L One-data o
ABW3  ABW2  ABW1  ABWO Wait State WAIT Pin Transfer WAIT Pin
0 0 0 0 0 Ignored 2 Enabled
0 0 0 1 1 Enabled 2 Enabled
0 0 1 0 2 Enabled 3 Enabled
0 0 1 1 3 Enabled 4 Enabled
0 1 0 0 4 Enabled 5 Enabled
0 1 0 1 6 Enabled 7 Enabled
0 1 1 0 8 Enabled 9 Enabled
0 1 1 1 10 Enabled 11 Enabled

(Initial value)
1 0 0 0 12 Enabled 13 Enabled
1 0 0 1 14 Enabled 15 Enabled
1 0 1 0 18 Enabled 19 Enabled
1 0 1 1 22 Enabled 23 Enabled
1 1 0 0 26 Enabled 27 Enabled
1 1 0 1 30 Enabled 31 Enabled
1 1 1 0 34 Enabled 35 Enabled
1 1 1 1 38 Enabled 39 Enabled

Bit 14—Area 5 Wait Control (A5W3): The A5W3 bit specifies the number of inserted wait
states for area 5 combined with bits ASW2-A5W0 in WCR2. It also specifies the number of
transfer states in burst transfer. Set this bit to 0 when area 5 is not set to PCMCIA.

The relationship between the setting value and the number of waits is the same as A6W3.

Bits 13 and 12—ReservedThese bits are always read as 0. The write value should always be 0.
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Bits 11, 7, and 6—Area 5 Address OE/WE Assert Delay (ASTED2 to ASTEDOyhe ASTED
bits specify the address to OE/WE assert delay time for the PCMCIA interface connected to area

5.
Bit 11: Bit 7: Bit 6:
ASTED2 ASTED1 ASTEDO Description
0 0 0 0.5-cycle delay (Initial value)
1 1.5-cycle delay
1 0 2.5-cycle delay
1 3.5-cycle delay
1 0 0 4.5-cycle delay
1 5.5-cycle delay
1 0 6.5-cycle delay
1 7.5-cycle delay

Bits 10, 5, and 4—Area 6 Address OE/WE Assert Delay (A6TED2 to AGTEDOyhe AGTED
bits specify the address to OE/WE assert delay time for the PCMCIA interface connected to area

6.
Bit 10: Bit 5: Bit 4:
A6TED2 A6TED1 AG6TEDO Description
0 0 0 0.5-cycle delay (Initial value)
1 1.5-cycle delay
1 0 2.5-cycle delay
1 3.5-cycle delay
1 0 0 4.5-cycle delay
1 5.5-cycle delay
1 0 6.5-cycle delay
1 7.5-cycle delay
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Bits 9, 3, and 2—Area 5 OE/WE Negate Address Delay (AS5TEH2 to ASTEHOT:he ASTEH
bits specify the OE/WE negate address delay time for the PCMCIA interface connected to area

Bit 9: Bit 3: Bit 2:
ASTEH2 AS5TEH1 ASTEHO  Description
0 0 0 0.5-cycle delay (Initial value)
1 1.5-cycle delay
1 0 2.5-cycle delay
1 3.5-cycle delay
1 0 0 4.5-cycle delay
1 5.5-cycle delay
1 0 6.5-cycle delay
1 7.5-cycle delay

Bits 8, 1, and 0—Area 6 OE/WE Negate Address Delay (A6TEH2 to AGTEHO)he A6TEH
bits specify the OE/WE negate address delay time for the PCMCIA interface connected to area

Bit 8: Bit 1: Bit O:
A6TEH2 A6TEH1 AG6TEHO Description
0 0 0 0.5-cycle delay (Initial value)
1 1.5-cycle delay
1 0 2.5-cycle delay
1 3.5-cycle delay
1 0 0 4.5-cycle delay
1 5.5-cycle delay
1 0 6.5-cycle delay
1 7.5-cycle delay
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10.2.9  Synchronous DRAM Mode Register (SDMR)

The synchronous DRAM mode register (SDMR) is written to via the synchronous DRAM address
bus and is an 8-bit write-only register. It sets synchronous DRAM mode for areas 2 and 3. SDMR
is undefined after a power-on reset. The register contents are not initialized by a manual reset or
standby mode; values remain unchanged.

Writes to the synchronous DRAM mode register use the address bus rather than the data bus. If
value to be set is X and the SDMR address is Y, the value X is written in the synchronous DRAM
mode register by writing in address X + Y. Since, with a 32-bit bus width, A0 of the synchronous
DRAM is connected to A2 of the chip and Al of the synchronous DRAM is connected to A3 of
the chip, the value actually written to the synchronous DRAM is the X value shifted two bits right.
With a 16-bit bus width, the value written is the X value shifted one bit right. For example, with a
32-bit bus width, when H'0230 is written to the SDMR register of area 2, random data is written tc
the address H'FFFFDOOO (address Y) + H'08CO (value X), or H'FFFFD8CO. As a result, H'0230 i
written to the SDMR register. The range for value X is H'0000 to H'OFFC. When H'0230 is
written to the SDMR register of area 3, random data is written to the address H'FFFFE000
(address Y) + H'08CO (value X), or H'FFFFEBCO. As a result, H'0230 is written to the SDMR
register. The range for value X is H'0000 to H'OFFC.

Bit: 31 12 11 10 9 8
‘ SDMR address ‘ — ‘ — ‘ — ‘ _ ‘

Initial value: —  rrrrrrr———— — — — — —
R/W: — — W* W* W W

Bit: 7 6 5 4 3 2 1 0
-l -1 -1-1-1T-7T-7=-

Initial value: — — — — — — — —
R/W: W W w W W W W —

Note: * Depending on the type of synchronous DRAM.
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10.2.10 Refresh Timer Control/Status Register (RTCSR)

The refresh timer control/status register (RTCSR) is a 16-bit read/write register that specifies the
refresh cycle, whether to generate an interrupt, and that interrupt’s cycle. It is initialized to H'00C
by a power-on reset, but is not initialized by a manual reset or standby mode.

Note: Writing to the RTCSR differs from that to general registers to ensure the RTCSR is not
rewritten incorrectly. Use the word-transfer instruction to set the upper byte as
B'10100101 and the lower byte as the write data. For details, see section 10.2.14, Cautic
on Accessing Refresh Control Related Registers.

Bitt 15 14 13 12 11 10 9 8
-l -1 -1T-7T-=-71T=-7T=17=-1
Initial value: 0 0 0 0 0 0 0 0
R/W:
Bitt 7 6 5 4 3 2 1 0
\ CMF \ CMIE‘ CKS2 \ CKSl‘ CKS0 \ OVF \ OVIE \ LMTS \
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

Bits 15 to 8—ReservedThese bits are always read as 0.

Bit 7—Compare Match Flag (CMF): The CMF status flag indicates that the values of RTCNT
and RTCOR match.

Bit 7: CMF Description

0 The values of RTCNT and RTCOR do not match.
Clear condition: When a refresh is performed After 0 has been written in
CMF and RFSH =1 and RMODE = 0 (to perform a CBR refresh).
(Initial value)

1 The values of RTCNT and RTCOR match.
Set condition: RTCNT = RTCOR *

Note: * Contents do not change when 1 is written to CMF.
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Bit 6—Compare Match Interrupt Enable (CMIE): Enables or disables an interrupt request
caused when the CMF of RTCSR is set to 1. Do not set this bit to 1 when using CAS-before-RAS
refresh or auto-refresh.

Bit 6: CMIE Description
0 Disables an interrupt request caused by CMF (Initial value)
1 Enables an interrupt request caused by CMF

Bits 5 to 3—Clock Select Bits (CKS2 to CKS0)Select the clock input to RTCNT. The source
clock is the external bus clock (BCLK). The RTCNT count clock is CKIO divided by the specified
ratio. The specified ratios are shown below in the normal external bus clock and when setting the
external bus clock to 1/4 by setting the SLPFRQ bit in FRQCR to 1 in sleep mode.

Description
Normal external bus
Bit 5: CKS2 Bit 4: CKS1 Bit 3: CKSO clock 1/4-bus clock
0 0 0 Disables clock input Disables clock input
(Initial value)
1 Bus clock (CKIO)/4 CKlO/1
1 0 CKIO/16 CKIO/4
1 CKIO/64 CKIO/16
1 0 0 CKI0/256 CKIO/64
1 CKl10/1024 CKIO/256
1 0 CKI10/2048 CKIO/512
1 CKI0/4096 CKl0/1024

Bit 2—Refresh Count Overflow Flag (OVF): The OVF status flag indicates when the number of
refresh requests indicated in the refresh count register (RFCR) exceeds the limit set in the LMTS
bit of RTCSR.

Bit 2: OVF Description

0 RFCR has not exceeded the count limit value set in LMTS
Clear Conditions: When 0 is written to OVF (Initial value)

1 RFCR has exceeded the count limit value set in LMTS
Set Conditions: When the RFCR value has exceeded the count limit value
setin LMTS*

Note: * Contents don’t change when 1 is written to OVF.
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Bit 1—Refresh Count Overflow Interrupt Enable (OVIE): OVIE selects whether to suppress
generation of interrupt requests by OVF when the OVF bit of RTCSR is set to 1.

Bit 1: OVIE Description
0 Disables interrupt requests from the OVF (Initial value)
1 Enables interrupt requests from the OVF

Bit 0—Refresh Count Overflow Limit Select (LMTS): Indicates the count limit value to be
compared to the number of refreshes indicated in the refresh count register (RFCR). When the
value RFCR overflows the value specified by LMTS, the OVF flag is set.

Bit 0: LMTS Description
0 Count limit value is 1024 (Initial value)
1 Count limit value is 512

10.2.11 Refresh Timer Counter (RTCNT)

RTCNT is a 16-bit read/write register. RTCNT is an 8-bit counter that counts up with input clock:
The clock select bits (CKS2—-CKSO0) of RTCSR select the input clock. When RTCNT matches
RTCOR, the CMF bit of RTCSR is set and RTCNT is cleared. RTCNT is initialized to H'00 by a
power-on reset; it continues incrementing after a manual reset; it is not initialized by standby
mode and holds its values unchanged.

Note: Writing to the RTCNT differs from that to general registers to ensure the RTCNT is not
rewritten incorrectly. Use the word-transfer instruction to set the upper byte as
B'10100101 and the lower byte as the write data. For details, see section 10.2.14, Cautic
on Accessing Refresh Control Related Registers.

Bit: 15 14 13 12 11 10 9 8
0 N N
R/W: — — — — — — — —
Bit: 7 6 5 4 3 2 1 0
0 N N N

R/W: R/W R/W R/W R/W R/W R/W R/W R/W
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10.2.12 Refresh Time Constant Register (RTCOR)

The refresh time constant register (RTCOR) is a 16-bit read/write register. The values of RTCOR
and RTCNT (bottom 8 bits) are constantly compared. When the values match, the compare matc
flag (CMF) of RTCSR is set and RTCNT is cleared to 0. When the refresh bit (RFSH) of the
individual memory control register (MCR) is set to 1 and the refresh mode is set to CAS-before-
RAS refresh, a memory refresh cycle occurs when the CMF bit is set. RTCOR is initialized to
H'00 by a power-on reset. It is not initialized by a manual reset or standby mode, but holds its
contents. Make the RTCOR setting before setting bits CKS2 to CKS0 in RTCSR.

Note: Writing to the RTCOR differs from that to general registers to ensure the RTCOR is not
rewritten incorrectly. Use the word-transfer instruction to set the upper byte as
B'10100101 and the lower byte as the write data. For details, see section 10.2.14, Cautiot
on Accessing Refresh Control Related Registers.

Bit: 15 14 13 12 11 10 9 8
(0 N N N NN N
R/W: — — — — — — — —
Bit: 7 6 5 4 3 2 1 0
S0 LN N N N

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

10.2.13 Refresh Count Register (RFCR)

The refresh count register (RFCR) is a 16-bit read/write register. It is a 10-bit counter that
increments every time RTCOR and RTCNT match. When RFCR exceeds the count limit value se
in the LMTS of RTCSR, RTCSR’s OVF bit is set and RFCR clears. RFCR is initialized to H'0000
when a power-on reset is performed. It is not initialized by a manual reset or standby mode, but
holds its contents.

Note: Writing to the RFCR differs from that to general registers to ensure the RFCR is not
rewritten incorrectly. Use the word-transfer instruction to set the MSB and followed six
bits of upper bytes as B'101001 and remaining bits as the write data. For details, see
section 10.2.14, Cautions on Accessing Refresh Control Related Registers.
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Bit: 15 14 13 12 11 10 9 8

Initial value: 0 0 0 0 0 0 0 0
R/W: — — — — — — R/W R/W
Bit: 7 6 5 4 3 2 1 0
| ] ] | ] |
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

10.2.14 Cautions on Accessing Refresh Control Related Registers

RFCR, RTCSR, RTCNT, and RTCOR require that a specific code be appended to the data whe
is written to prevent data from being mistakenly overwritten by program overruns or other write
operations (figure 10.5). Perform reads and writes using the following methods:

1. When writing to RFCR, RTCSR, RTCNT, and RTCOR, use only word transfer instructions.
You cannot write with byte transfer instructions.

When writing to RTCNT, RTCSR, or RTCOR, place B'10100101 in the upper byte and the
write data in the lower byte. When writing to RFCR, place B'101001 in the top 6 bits and the
write data in the remaining bits, as shown in figure 10.5.

15 8 7 0

RTCSR,RTCNT, | 1 [o[1 [o|o |1 [0 1] Write data |
RTCOR

15 10 9 0

RFCR|[ 1|01 ]ofo]1] Write data |

Figure 10.5 Writing to RFCR, RTCSR, RTCNT, and RTCOR

2. When reading from RFCR, RTCSR, RTCNT, and RTCOR, carry out reads with 16-bit width.
0 is read out from undefined bit sections.
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10.2.15 MCSO0 Control Register (MCSCRO)

The MCSO control register (MCSCRO) is a 16-bit read/write register that specifiekC8{6] pin
output conditions.

MCSCRJO0] is initialized to H'0000 by a power-on reset, but is not initialized by a manual reset or
in standby mode.

As theMCSJ0] pin is multiplexed as the PTCO pin, when using the pM@&S[0], bits
PCOMDI1:0] in the PCCR register should be set to 00 (other function).

Bit: 15 14 13 12 11 10 9 8

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

Bitt 7 6 5 4 3 2 1 0
\ — \ cszlo\ CAP1 \ CAPO \ A25 \ A24 \ A23 \ A22 \
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

Bits 15 to 7—ReservedThese bits are always read as 0. The write value should always be O.

Bit 6—CS2/CS0 Select (CS2/0Belects whether an area 2 or area 0 address is to be decoded.

Bit 6: CS2/0 Description
0 Area 0 is selected
1 Area 2 is selected

Bits 5 and 4—Connected Memory Size Specification (CAP1, CAPOQ)

Bit 5: CAP1 Bit 4: CAPO Description

0 0 32-Mbit memory is connected
0 1 64-Mbit memory is connected
1 0 128-Mbit memory is connected
1 1 256-Mbit memory is connected

Bits 3 to 0—Start Address Specification (A25 to A22)These bits specify the start address of
the memory area for whidlCS[0] is asserted.
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10.2.16 MCS1 Control Register (MCSCR1)

The MCS1 control register (MCSCR1) specifiesM€S[1] pin output conditions.

The bit configuration and functions are the same as those of MCSCRO.

10.2.17 MCS2 Control Register (MCSCR2)

The MCS2 control register (MCSCR2) specifies MiES[2] pin output conditions.

The bit configuration and functions are the same as those of MCSCRO.

10.2.18 MCS3 Control Register (MCSCR3)

The MCS3 control register (MCSCR3) specifies MiES[3] pin output conditions.

The bit configuration and functions are the same as those of MCSCRO.

10.2.19 MCS4 Control Register (MCSCR4)

The MCS4 control register (MCSCR4) specifiesMi@S[4] pin output conditions.

The bit configuration and functions are the same as those of MCSCRO.

10.2.20 MCSS5 Control Register (MCSCR5)

The MCS5 control register (MCSCR5) specifiesMi@S[5] pin output conditions.

The bit configuration and functions are the same as those of MCSCRO.

10.2.21 MCS6 Control Register (MCSCR6)

The MCS6 control register (MCSCR6) specifiesMES[6] pin output conditions.

The bit configuration and functions are the same as those of MCSCRO.

10.2.22 MCS7 Control Register (MCSCR7)

The MCS7 control register (MCSCRY7) specifiesM€S[7] pin output conditions.

The bit configuration and functions are the same as those of MCSCRO.
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10.3 BSC Operation

10.3.1  Endian/Access Size and Data Alignment

This LSI supports both big endian, in which the 0 address is the most significant byte in the byte
data, and little endian, in which the 0 address is the least significant byte. This switchover is
designated by an external pin (MD5 pin) at the time of a power-on reset. After a power-on reset,
big endian is engaged when MD5 is low; little endian is engaged when MD5 is high.

Three data bus widths are available for ordinary memory (byte, word, longword) and two data bu:
widths (word and longword) for DRAM and synchronous DRAM. For the PCMCIA interface,
choose from byte and word. This means data alignment is done by matching the device’s data
width and endian. The access unit must also be matched to the device’s bus width. This also
means that when longword data is read from a byte-width device, the read operation must happe
4 times. In this LSI, data alignment and conversion of data length is performed automatically
between the respective interfaces.

Tables 10.7 through 10.12 show the relationship between endian, device data width, and access
unit.

Table 10.7 32-Bit External Device/Big Endian Access and Data Alignment

Data Bus Strobe Signals

WES3, WE2, WET, WEO,
CASHH, CASHL, CASLH, CASLL,
Operation D31-D24 D23-D16 D15-D8 D7-DO DQMUU DQMUL DQMLU DQMLL

Byte access Data — — — Assert
at0 7-0

Byte access — Data — — Assert
atl 7-0

Byte access — — Data — Assert
at 2 7-0

Byte access — — — Data Assert
at3 7-0

Word access Data Data — — Assert Assert
ato 15-8 7-0

Word access— — Data Data Assert Assert
at2 15-8 7-0

Longword Data Data Data Data Assert Assert Assert Assert
accessat0 31-24 23-16 15-8 7-0
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Table 10.8 16-Bit External Device/Big Endian Access and Data Alignment

Data Bus Strobe Signals
WES3, WE2, WEH1, WEO,
D31- D23- CASHH, CASHL, CASLH, CASLL,
Operation D24 D16 D15-D8 D7-DO DOQMUU DQMUL DQMLU DQMLL
Byte access at 0 — — Data — Assert —
7-0
Byte access at 1 — — — Data Assert
7-0
Byte access at 2 — — Data — Assert —
7-0
Byte access at 3 — — — Data Assert
7-0
Word accessat0 — — Data Data Assert Assert
15-8 7-0
Word accessat2 — — Data Data Assert Assert
15-8 7-0
Longword 1st — — Data Data Assert Assert
access time at 0 31-24 23-16
atd 2nd — — Data Data Assert Assert
time at 2 15-8 7-0
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Table 10.9 8-Bit External Device/Big Endian Access and Data Alignment

Data Bus Strobe Signals
WES3, WE2, WEH1, WEDO,
D31- D23- D15- CASHH, CASHL, CASLH, CASLL,

Operation D24 D16 D8 D7-DO0 DQMUU DOQMUL DQMLU DQMLL
Byte access at 0 — — — Data 7-0 Assert
Byte access at 1 — — — Data 7-0 Assert
Byte access at 2 — — — Data 7-0 Assert
Byte access at 3 — — — Data 7-0 Assert
Word 1st time — — — Data Assert
accessat0 atO 15-8

2nd time — — — Data Assert

atl 7-0
Word 1st time — — — Data Assert
accessat2 at2 15-8

2nd time — — — Data Assert

at3 7-0
Longword 1sttime — — — Data Assert
accessat0 atO 31-24

2nd time — — — Data Assert

atl 23-16

3rd time — — — Data Assert

at 2 15-8

4th time — — — Data Assert

at3 7-0
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Table 10.10 32-Bit External Device/Little Endian Access and Data Alignment

Data Bus Strobe Signals

WES3, WE?2, WEH1, WEO,

CASHH, CASHL, CASLH, CASLL,
Operation D31-D24 D23-D16 D15-D8 D7-DO DQMUU DQMUL DQMLU DQMLL
Byte access — — — Data Assert
ato 7-0
Byte access — — Data — Assert
atl 7-0
Byte access — Data — — Assert
at 2 7-0
Byte access Data — — — Assert
at3 7-0
Word access— — Data Data Assert Assert
ato 15-8 7-0
Word access Data Data — — Assert Assert
at 2 15-8 7-0
Longword Data Data Data Data Assert Assert Assert Assert
accessat0 31-24 23-16 15-8 7-0
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Table 10.11 16-Bit External Device/Little Endian Access and Data Alignment

Data Bus Strobe Signals
WES3, WE2, WEH1, WEDO,
D31- D23- CASHH, CASHL, CASLH, CASLL,
Operation D24 D16 D15-D8 D7-DO DQMUU DQMUL DQMLU DQMLL
Byte access at 0 — — — Data Assert
7-0
Byte access at 1 — — Data — Assert
7-0
Byte access at 2 — — — Data Assert
7-0
Byte access at 3 — — Data — Assert
7-0
Word access at0 — — Data Data Assert Assert
15-8 7-0
Word accessat2 — — Data Data Assert Assert
15-8 7-0
Longword 1st — — Data Data Assert Assert
access time at 0 15-8 7-0
ato 2nd — — Data Data Assert Assert
time at 2 31-24 23-16
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Table 10.12 8-Bit External Device/Little Endian Access and Data Alignment

Data Bus Strobe Signals
WES3, WE2, WE1, WEO,
D31- D23- D15- CASHH, CASHL, CASLH, CASLL,

Operation D24 D16 D8 D7-DO DQMUU DQMUL DQMLU DQMLL
Byte access at 0 — — — Data 7-0 Assert
Byte access at 1 — — — Data 7-0 Assert
Byte access at 2 — — — Data 7-0 Assert
Byte access at 3 — — — Data 7-0 Assert
Word 1st time — — — Data 7-0 Assert
accessat0 atO

2nd time— — — Data Assert

atl 15-8
Word 1st time — — — Data 7-0 Assert
accessat2 at2

2nd time— — — Data Assert

at 3 15-8
Longword  1sttime — — — Data 7-0 Assert
accessat0 atO

2nd time— — — Data Assert

atl 15-8

3rd time — — — Data Assert

at 2 23-16

4th time — — — Data Assert

at 3 31-24
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10.3.2  Description of Areas

Area 0: Area 0 physical addresses A28—A26 are 000. Addresses A31-A29 are ignored and the
address range is H'00000000 + H'20000800- H'03FFFFFF + H'20000060n (n= 0—6 and n
= 1-6 are the shadow spaces).

Ordinary memories such as SRAM, ROM, and burst ROM can be connected to this space. Byte,
word, or longword can be selected as the bus width using external pins MD3 and MD4. When the
area 0 space is accessedsa signal is asserted. ARD signal that can be used@E and the
WEO-WES3 signals for write control are also asserted. The number of bus cycles is selected
between 0 and 10 wait cycles using the AOW2-A0WO bits of WCR2. When the burst function is
used, the bus cycle pitch of the burst cycle is determined within a range of 2—-10 according to the
number of waits.

Area 1: Area 1 physical addresses A28—A26 are 001. Addresses A31-A29 are ignored and the
address range is H'04000000 + H'20000800- H'07FFFFFF + H'200000060n (n= 0—6 and n
= 1-6 are the shadow spaces).

Area 1 is the area specifically for the internal peripheral modules. The external memories cannot
be connected.

Control registers of peripheral modules shown below are mapped to this area 1. Their addresses
are physical address, to which logical addresses can be mapped with the MMU enabled:

DMAC, PORT, IrDA, SCIF, ADC, DAC, INTC (except INTEVT, IPRA, IPRB)
Those registers must be set not to be cached.

Area 2: Area 2 physical addresses A28—-A26 are 010. Addresses A31-A29 are ignored and the
address range is H'08000000 + H'20000800- H'OBFFFFFF + H'20000060n (n=0-6 and n
= 1-6 are the shadow spaces).

Ordinary memories like SRAM and ROM, as well as DRAM and synchronous DRAM, can be
connected to this space. Byte, word, or longword can be selected as the bus width using the
A2571-A2SZ0 bits of BCR2 for ordinary memory. When DRAM is connected to Area 2, the bus
width is fixed at 16 bits.

When the area 2 space is accessé&hZsignal is asserted. When ordinary memories are
connected, aRD signal that can be used@E and theWE0-WE3 signals for write control are
also asserted and the number of bus cycles is selected between 0 and 3 wait cycles using the
A2W1 to A2WO bits of WCR2.

When synchronous DRAM is connected, R¥eS3U, RAS3L signal,CASU, CASL signal,

RD/WR signal, and byte controls DQMHH, DQMHL, DQMLH, and DQMLL are all asserted and
addresses multiplexed. ControlRAS3U, RAS3L, CASU, CASL, data timing, and address
multiplexing is set with MCR.
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When DRAM is connected, tHRAS?2 signal, CAS2H signal,CAS2L signal, and RDVR signal
are all asserted and addresses multiplexed. ContRAS2, CAS, data timing, and address
multiplexing is set with DCR.

Area 3: Area 3 physical addresses A28—A26 are 011. Addresses A31-A29 are ignored and the
address range is H'0C000000 + H'20000000- H'OFFFFFFF + H'200000680n (n= 0—6 and n
= 1-6 are the shadow spaces).

Ordinary memories like SRAM and ROM, as well as DRAM, and synchronous DRAM, can be
connected to this space. Byte, word or longword can be selected as the bus width using the
A3SZ1-A3SZ0 bits of BCR2 for ordinary memory. For DRAM, word or longword can be
selected using the SZ bit of MCR.

When area 3 space is access&tt is asserted.

When ordinary memories are connected, an RD signal that can be @edras theWEO-WE3
signals for write control are asserted and the number of bus cycles is selected between 0 and 3
cycles using the A3W1 to A3WO bits of WCR2.

When synchronous DRAM is connected, R¥eS3U, RAS3L signal,CASU, CASL signal,

RD/WR signal, and byte controls DQMHH, DQMHL, DQMLH, and DQMLL are all asserted and
addresses multiplexed. When DRAM is connectedR#83U, RAS3L signal, CASHH signal,
CASHL signal,CASLH signal,CASLL signal, and RDVR signal are all asserted and addresses
multiplexed. For all of these, tiRAS signal, CASHH signal, CASHL signal, CASLH signal,

CASLL signal, and RDVR signal are all asserted and addresses multiplexed. ConRalSf

CAS, and data timing and of address multiplexing is set with MCR.

Area 4: Area 4 physical addresses A28—A26 are 100. Addresses A31-A29 are ignored and the
address range is H'120000000 + H'20000800- H'13FFFFFF + H'200000060n (n=0-6 and n
= 1-6 are the shadow spaces).

Only ordinary memories like SRAM and ROM can be connected to this space. Byte, word, or
longword can be selected as the bus width using the A4SZ1-A4SZ0 bits of BCR2. When the ar
4 space is accessed; 84 signal is asserted. RD signal that can be used@E and theWE0—

WES3 signals for write control are also asserted. The number of bus cycles is selected between (
and 10 wait cycles using the AAW2—-A4WO0 bits of WCR2.

Area 5: Area 5 physical addresses A28—-A26 are 101. Addresses A31-A29 are ignored and the
address range is the 64 Mbytes at H'14000000 + H'20000060H'17FFFFFF + H'20000060
n (n=0-6 and = 1-6 are the shadow spaces).

Ordinary memories like SRAM and ROM as well as burst ROM and PCMCIA interfaces can be
connected to this space. When the PCMCIA interface is used, the IC memory card interface
address range comprises the 32 Mbytes at H'14000000 + H'20000000 x n to H'15FFFFFF +
H'20000000 x n (where n = 0—6, and n = 1—6 represents shadow space), and the 1/O card
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interface address range comprises the 32 Mbytes at H'16000000 + H'20000000 x n to H'17FFFF
+ H'20000000 x n (where n = 0—6, and n = 1—6 represents shadow space).

For ordinary memory and burst ROM, byte, word, or longword can be selected as the bus width
using the A5SZ1-A5SZ0 bits of BCR2. For the PCMCIA interface, byte, and word can be
selected as the bus width using the A5SZ1-A5SZ0 bits of BCR2.

When the area 5 space is accessed and ordinary memory is conn€&tedjgnal is asserted. An
RD signal that can be used@E and theWEO0-WE3 signals for write control are also asserted.
When the PCMCIA interface is used, #E1A signal,CE2A signal,RD signal aOE signal, and
WEL, ICIORD, ICIOWR signal are asserted.

The number of bus cycles is selected between 0 and 10 wait cycles using the ASW2-A5W0 bits
WCR2. With the PCMCIA interface, from 0 to 38 wait cycles can be selected using the ASW2—
A5WO0 bits of WCR2 and the A5W3 bit of PCR. In addition, any number of waits can be inserted
in each bus cycle by means of the external waitWiAKT). When a burst function is used, the

bus cycle pitch of the burst cycle is determined within a range of 2-11 (2—-39 for the PCMCIA
interface) according to the number of waits. The setup and hold times of adfifefes/the

read/write strobe signals can be set in the range 0.5-7.5 using ASTED2—-A5TEDO and ASTEH?2 t
AS5TEHO bits of the PCR register.

Area 6: Area 6 physical addresses A28—A26 are 110. Addresses A31-A29 are ignored and the
address range is the 64 Mbytes at H'18000000 + H'20000060H'1BFFFFFF + H'20000060
n (n=0-6 and = 1-6 are the shadow spaces).

Ordinary memories like SRAM and ROM as well as burst ROM and PCMCIA interfaces can be
connected to this space. When the PCMCIA interface is used, the IC memory card interface
address range is 32 Mbytes at H'18000000 + H'20008000 H'19FFFFFF + H'20000000Nn

and the I/O card interface address range is 32 Mbytes at H'1A000000 + H'20800600
H'1BFFFFFF + H'20000008 n (n= 0-6 and r= 1-6 are the shadow spaces).

For ordinary memory and burst ROM, byte, word, or longword can be selected as the bus width
using the A6SZ1-A6SZ0 bits of BCR2. For the PCMCIA interface, byte, and word can be
selected as the bus width using the A6SZ1-A6SZ0 bits of BCR2.

When the area 6 space is accessed and ordinary memory is conn€Stedignal is asserted. An
RD signal that can be used@E and theWEO0-WE3 signals for write control are also asserted.
When the PCMCIA interface is used, #E1B signal,CE2B signal,RD signal agOE signal, and
WE, ICIORD, andICIOWR signals are asserted.

The number of bus cycles is selected between 0 and 10 wait cycles using the A6W2-A6WO bits
WCR2. With the PCMCIA interface, from 0 to 38 wait cycles can be selected using the A6W2—
ABWO bits of WCR2 and the A6W3 bit of PCR. In addition, any number of waits can be inserted
in each bus cycle by means of the external waitWiAKT). The bus cycle pitch of the burst cycle

is determined within a range of 2—-11 (2—39 for the PCMCIA interface) according to the number o
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waits. The setup and hold times of addi@Ss/for the read/write strobe signals can be set in the
range 0.5-7.5 using AGTED2—-A6TEDO and A6TEH2—A6TEHO bits of the PCR register.

10.3.3 Basic Interface

Basic Timing: The basic interface of the SH7709A uses strobe signal output in consideration of
the fact that mainly static RAM will be directly connected. Figure 10.6 shows the basic timing of
normal space accesses. A no-wait normal access is completed in two cycleS.sidmwal is

asserted for one cycle to indicate the start of a bus cycleCSisignal is negated on the T2

clock falling edge to secure the negation period. Therefore, in case of access at minimum pitch,
there is a half-cycle negation period.

There is no access size specification when reading. The correct access start address is output i
least significant bit of the address, but since there is no access size specification, 32 bits are alv
read in case of a 32-bit device, and 16 bits in case of a 16-bit device. When writing, o¥ly the
signal for the byte to be written is asserted. For details, see section 10.3.1, Endian/Access Size
Data Alignment.

Read/write for cache fill or write-back follows the set bus width and transfers a total of 16 bytes
continuously. The bus is not released during this transfer. For cache misses that occur during by
or word operand accesses or branching to odd word boundaries, the fill is always performed by
longword accesses on the chip-external interface. Write-through-area write access and non-
cacheable read/write access are based on the actual address size.
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CKIO
A25to AO

Figure 10.6 Basic Timing of Basic Interface
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Figures 10.7, 10.8, and 10.9 show examples of connection to 32, 16, and 8-bit data-width static
RAM, respectively.

128Kk x 8-bit
SH7709A SRAM
Als A16
A2 ' — Ao
CSn CS
RD OE
D31 1107
D24 i 1i00
WE3 WE
D23
D16 - Al6
WE2 : :
D15 ~ A0
_D8 OE
WE1 1107
D7 : :
: : /00
DO WE
WEO
A16
Ao
cs
OE
1107
1/00
WE
A16
Ao
cs
OE
107
1/00
WE

Figure 10.7 Example of 32-Bit Data-Width Static RAM Connection
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SH7709A

Al7

_Al
Csn

RD
D15

D8
WE1
D7

Db
WEO

128k x 8-bit
SRAM

Al16

Ao
cs

OE
lloyg

1/00
WE

Al16

Ao

(O]

OE
1107

1/00
WE
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Figure 10.8 Example of 16-Bit Data-Width Static RAM Connection
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SH7709A

Al16

_A0
CSn
RD
D7

DO
WEO

128k x 8-bit
SRAM

Al6

A0
cs

OE
1107

1/00
WE

Figure 10.9 Example of 8-Bit Data-Width Static RAM Connection
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Wait State Control: Wait state insertion on the basic interface can be controlled by the WCR2
settings. If the WCR2 wait specification bits corresponding to a particular area are not zero, a
software wait is inserted in accordance with that specification. For details, see section 10.2.5, We
State Control Register 2 (WCR2).

The specified number of Tw cycles are inserted as wait cycles using the basic interface wait timir
shown in figure 10.10.

| T1 | Tw | T2 |
T Pt T
| I | I | I |
| | | | | 1 |
| | | | I |
CKIO ﬂ /I \ /I \ /:
| | | | | 1 |
| | | | | 1 |
| | | | | | |
A25 to AO :>< i ! i : i LY
N
| | | | | 1 |
- | | | | |
CSn 1\ | | I | [ A
| | | | | 1 |
| T T T T T |
| | | | | 1 |
— i l : l : l i
ROWR X 4 b o b X
| T | T | T ]
| | | | | 1 |
| | | |
RD : P\ : : VA
| ¢ ! ¢ ! |
Read N
| | |
D31 to DO ; i ; —C ! : —
A e e
1 | | | | 1 |
— | | | | | |
WEn I [ | I | [ A
_ | : | : | : |
Write i ! i ! i ! i
| T ] T ] T I
D31 to DO | { : : : : : : —
| i | i | i |
| | | | | |
_ | | | | | | |
BS M | | | | \\
| I | | I
| | | | | 1 |
| | | | | 1 |
| ! | ! | I |

Figure 10.10 Basic Interface Wait Timing (Software Wait Only)
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When software wait insertion is specified by WCR2, the external wait WRT signal is also
sampledWAIT pin sampling is shown in figure 10.11. A 2-cycle wait is specified as a software
wait. Sampling is performed at the transition from the Tw state to the T2 state; therefore, if the
WAIT signal has no effect if asserted in the T1 cycle or the first Tw cycle. When the WAITSEL
bit in WCR1 is cleared to 0, thWRAIT signal is sampled on the rising edge of the clock.

Wait states inserted

by WAIT signal
| T1 | Tw | Tw | Tw | T2 |
I > > > > >

e
N NEEREERRERE
T i i s i v
i \\\\\i\\\i\\\é\\\i\\\\:\ S LTI

Figure 10.11 Basic Interface Wait State Timing (Wait State Insertion bWAIT Signal
WAITSEL = 0)
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Wait states inserted
by WAIT signal

When the WAITSEL bit in the WCR1 register is set to 1, WheIT signal is sampled at the

falling edge of the clock. If the setup time and hold times with respect to the falling edge of the
clock are not satisfied, the value sampled at the next falling edge is used.

........ ol = T e
+ IR

‘

A25to AO

Figure 10.12 Basic Interface Wait State Timing (Wait State Insertion bWAIT Signal
HITACHI

WAITSEL = 1)
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10.3.4 DRAM Interface

DRAM Connection Method: When the memory type bits (DRAMTP2-0) in BCR1 are set to
100, area 3 becomes DRAM space; when set to 101, area 2 and area 3 become DRAM space.
DRAM interface function can then be used to connect the SH7709A directly to DRAM.

16 or 32 bits can be selected as the interface data width for area 3 when bits DRAMTP2-0 are ¢
to 100, and 16 bits can be used for area 2 and 16 or 32 bits can be used for area 3 when bits
DRAMTP2-0 are set to 101.

2-CAS 16-bit DRAMs can be connected, sii&S is used to control byte access.

Signals used for connection when DRAM is connected to areaRA®® ., RAS3U, CASHH,

CASHL, CASLH, CASLL, and RDWR. CASHH andCASHL are not used when the data width

is 16 bits. When DRAM is connected to areas 2 and 3, the signals for DRAM connection in area
areRAS2L, RAS2U, CAS2H, CAS2L, and RDWR, and those for DRAM connection in area 3
areRAS3L, RAS3U, CASLH, CASLL, and RDWR.

In addition to normal read and write access modes, high-speed page mode is supported for bur:
access. Also, for DRAM connected to area 3, EDO mode, which enables the DRAM access time
to be increased by delaying the data sampling timing by 1/2 clock when reading, is supported in
addition to normal read and write access for burst mode.
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256k x 16-bit

SH7709A DRAM
A10 A8
A2 - “—{ A0
RAS RAS
- OE
RD/WR WE
D31 11015
D16 ~1/00
CASHH UCAS
CASHL LCAS
D15
DO - A8
CASLH 2
CASLL AO
RAS
OE
WE
11015
1100
UCAS
LCAS
777

Figure 10.13 Example of DRAM Connection (32-Bit Data Width)
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SH7709A

A9

Al

RAS3L or RAS3U
RAS2L or RAS2U
RD/WR

D15

DO
CASLH
CASLL

CAS2H
CAS2L

256k x 16-bit
DRAM

A8

AO

RAS

OE

WE

1/015

/00

UCAS

LCAS

A8

AO

RAS

OE

WE

I/015

/00

UCAS
LCAS

777

Figure 10.14 Example of DRAM Connection (16-Bit Data Width)
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Address Multiplexing: When area 2 and area 3 are designated as DRAM space, address
multiplexing is always performed in accesses to DRAM. This enables DRAM, which requires row
and column address multiplexing, to be connected directly to the SH7709A without using an
external address multiplexer. Any of the four multiplexing methods shown below can be selected
by setting bits AMX1-0 in MCR for area 3 DRAM, or bits AMX1-0 in DCR for area 2 DRAM.

The relationship between bits AMX1-0 and address multiplexing is shown in table 10.13. The
address output pins subject to address multiplexing are A15 to Al. Pins A25 to A16 carry the
original address.

Table 10.13 Relationship between AMX1-0 and Address Multiplexing

Setting Number of Column External Address Pins

AMX1 AMXO0  Address Bits Output Timing Alto Al4 A15

0 0 8 bits Column address Alto Al4 Al5
Row address A9 to A22 A23

0 1 9 bits Column address Alto Al4 Al15
Row address Al0 to A23 A24

1 0 10 bits Column address Alto Al4 A15
Row address Allto A24 A25

1 1 11 bits Column address Alto Al4 Al5
Row address Al12 to A25 A15
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00, AnW (1-0)

00). This basic timing is shown in figure 10.15. Tpc is the precharge cycle, Tr the RAS assert

cycle, Tcl the CAS assert cycle, and Tc2 the read data latch cycle.

Basic Timing: The basic timing for DRAM access is 3 cycles (RCD (1-0)

(Tpc) :
-
X

© V)
- o o o 0
< < x o [a) O
o o be X O ~ O ~ m
0 = = = & 5 -9 @
= < — - =2 N
¥ & | a < < 3% Sl 78 75
@] < < nd 4 (@) ns ne m @]

Figure 10.15 Basic Timing for DRAM Access
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Wait State Control: As the clock frequency increases, it becomes impossible to complete all
states in one cycle as in basic access. Therefore, provision is made for state extension by using 1
setting bits in WCR2, MCR, DCR, and BCR3. The timing with state extension using these setting
is shown in figure 10.16. Additional Tpc cycles (cycles used to secure the RAS precharge time)
can be inserted by means of the TPC bits in MCR and DCR, giving from 1 to 4 cycles. The
number of cycles from RAS assertion to CAS assertion can be set to between 1 and 4 by insertin
Trw cycles by means of the RCD bits in MCR and DCR. And the number of cycles from CAS
assertion to the end of the access can be varied between 1 and 3 according to the setting of A2V
(1-0) or A3W (1-0) in WCR2.
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DRAM Wait State Timing

Figure 10.16
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Short Pitch AccessThe bus state controller of the SH7709A can perform short-pitch access to
DRAM as shown in figure 10.17, when EXTEND bit is set to 1. Tcs is a CAS assert and data

access state.

o
O b | ||
e
A ~
IIIIIIIIIIIIIII m.lllllllllll..lllll — [ D P
(3]
=
] T
o O
3| £as
IIIIIIIIII Wnlllm.IIIIIIIIIII..IIIIIIIIIIIIIII|IIIIIIIIII
@ 3
- @©
e s EEE SE e Bl i R e R
&
> > > .‘\

D31 to DO
(Read)

D31 to DO
CS2 or CS3

(Write)

A25 to Al6
RASXX

A15 to AO

CKIO
CASXxx
BS

HITACHI

Figure 10.17 DRAM Short-Pitch Access Timing
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Burst Access:In addition to the normal DRAM access mode in which a row address is output in

each data access, a high-speed page mode is also provided for the case where consecutive act
are made to the same row. This mode allows fast access to data by outputting the row address
once, then changing only the column address for each subsequent access. Normal access or bi
access using high-speed page mode can be selected by means of the burst enable (BE) bit in M
and DCR. The timing for burst access using high-speed page mode is shown in figure 10.18.

In burst transfer, 4 (longword access) or 16 (cache fill or cache write-back) bytes of data are bur
transferred in case of a 16-bit bus size. With a 32-bit bus size, 16 bytes of data are burst-
transferred (cache fill or cache write-back). In a 16-byte burst transfer (cache fill), the first acces
comprises a longword that includes the data requiring access. The remaining accesses are
performed on 16-byte boundary data that includes the relevant data. In burst transfer (cache wri
back), sequential writing is performed from first-to-last order for 16-byte boundary data.
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Short-Pitch Burst Access:The bus state controller of the SH7709A can perform short-pitch burst
access to DRAM as shown in figure 10.19, when EXTEND bit and BE are setto 1 and 1,
respectively. Tcs is @AS assert and data access state.

I
:
! I I I ! I I
| T | T | [l T | | T
A25 to A16 ! | ! ! ! Row address | ! :>< :
i I i I i I i I i I i
' Row Column \/ Column Column Column '
Al 10 AD | /\_address, address /\ address /\ address, aqldress,>< :
RD/WR : ><
|
I |
RASxx 4:—\
|
|

CASxx

SN TN N
(D

X

D31 to DO
(read)

_y
X

.
X

D31 to DO
(write)

N

BS

CS2 or CS3

Figure 10.19 DRAM Short-Pitch Burst Access Timing

EDO Mode: With DRAM, in addition to the mode in which data is output to the data bus only
while theCAS signal is asserted in a data read cycle, an EDO (extended data out) mode is also
provided in which, once th€AS signal is asserted while tiRe\S signal is asserted, even if the

CAS signal is negated, data is output to the data bus untilAlsesignal is next asserted. In the
SH7709A, the EDO mode bit (EDOMODE) in MCR enables selection, for DRAM in area 3 only,
of either normal access/burst access using high-speed page mode or EDO mode normal
access/burst access. EDO mode normal access is shown in figure 10.20, and burst access in fic
10.21.
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next assertion of th€AS signal, so that the data latch timing is delayed by 1/2 cycle and made the

In EDO mode, the timing for data output to the data bus in a read cycle is extended as far as the
rising edge of the CKIO clock, enabling the DRAM access time to be increased.

Tc2

Tcl

Tr

D31 to DO
(Read)
D31 to DO

A25to Al6
A15 to AO
RD/WR
(Write)

RAS3x

CKIO
CASxx

HITACHI

Figure 10.20 Normal Access Timing in DRAM EDO Mode
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Burst Access Timing in DRAM EDO Mode

Figure 10.21




Refresh Timing: The bus state controller includes a function for controlling DRAM refreshing.
Distributed refreshing using a CAS-before-RAS cycle can be performed by clearing the RMODE
bit to 0 and setting the RFSH bit to 1 in MCR for DRAM in area 3, or by clearing the RMODE bit
to 0 and setting the RFSH bit to 1 in DCR for DRAM in area 2.

When CAS-before-RAS refresh cycles are executed, refreshing is performed at intervals
determined by the input clock selected by bits CKS2-0 in RTCSR, and the value set in RTCOR.
The value of bits CKS2-0 in RTCOR should be set so as to satisfy the stipulation for the DRAM
refresh interval. First make the settings for RTCOR, RTCNT, and the RMODE and RFSH bits in
MCR, then make the CKS2-CKSO0 setting. When the clock is selected by CKS2-CKS0, RTCNT
starts counting up from the value at that time. The RTCNT value is constantly compared with the
RTCOR value, and if the two values are the same, a refresh request is generatetRap@tiie

pin goes low. If the SH7709A’s external bus can be used, CAS-before-RAS refreshing is
performed, and if there is no other interrupt requesiROUT pin goes high. At the same time,
RTCNT is cleared to zero and the count-up is restarted. Figure 10.22 shows the operation of CA!
before-RAS refreshing.

RTCOR value RTCNT cleared to 0 when
/ RTCNT = RTCOR

RTCNT

H'00000000

RTCSR.CKS(2-0) =000 | #000

CMF |_| |_|

CMF flag cleared by start of

refresh cycle T T
External bus <:> <:>

CAS-before-RAS refresh cycle

Figure 10.22 CAS-Before-RAS Refresh Operation
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Figure 10.23 shows the timing of the CAS-before-RAS refresh cycle.

The number of RAS assert cycles in the refresh cycle is specified by the TRAS bits in MCR and
DCR. The specification of the RAS precharge time in the refresh cycle is determined by the
setting of the TPC bits in MCR and DCR in the same way as for normal access.

I
I | | I !
l l l : l
I h ) h I
| l : l l l : l
! I ! I | I | I
I S R O S N N
e TN VAT
RASXxx ! I I I | I | I
! I ! I | I | I
! I ! I T I | I
! I ! I I I I | I
! I ! I I I I | I
S R R R S A
! I ! I I I I | I
~AGuY ! I ! I I | I | I
CASxx L \: R / L
! | ! | I | I : I
! I ! I I I I | I
N N N S S S
RD/WR | ! : ! ! ! ! ! !
VAR T R T R S—
! I ! I I I I | I
A DN S S S SO S B
i i i i i
CS20r CS3 L Highy 1

Figure 10.23 DRAM CAS-Before-RAS Refresh Cycle Timing
The self-refreshing supported by the SH7709A is shown in figure 10.24.

After the self-refresh is cleared, the refresh controller immediately generates a refresh request.
RAS precharge time immediately after the end of the self-refreshing can be set by the TPC bits
MCR and DCR.

DRAMs include low-power products (L versions) with a long refresh cycle time (for example, the
L version of the HM51W4160AL has a refresh cycle of 1024 cycles/128 ms compared with 1024
cycles/16 ms for the normal version). With these DRAMSs, however, the same refresh cycle as fc
the normal version is requested only in case of refreshing immediately following self-refreshing.
To ensure efficient DRAM refreshing, therefore, processing is needed to generate an overflow
interrupt and restore the refresh cycle to the proper value, after the necessary CAS-before-RAS
refreshing has been performed following self-refreshing of an L-version DRAM, using RFCR anc
the OVF, OVIE, and LMTS bits in RTCSR. The necessary procedure is as follows.
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1. Normally, set the refresh counter count value to the optimum value for the L version (e.g. 102
cycles/128 ms).

2. When a transition is made to self-refreshing:

a. Provide an interrupt handler to restore the refresh counter count value to the optimum valt
for the L version (e.g. 1024 cycles/128 ms) when a refresh counter overflow interrupt is
generated.

b. Reset the refresh counter count value to the requested short cycle (e.g. 1024 cycles/16 m:
set refresh controller overflow interruption, and clear the refresh count register (RFCR) to
0.

c. Set self-refresh mode.

By using this procedure, the refreshing immediately following a self-refresh will be performed in a
short cycle, and when adequate refreshing ends, an interrupt is generated and the setting can be
restored to the original refresh cycle.

CAS-before-RAS refreshing is performed in normal operation, in sleep mode, and in case of a
manual reset.

Self-refreshing is performed in normal operation, in sleep mode, in standby mode, and in case of
manual reset.

When the bus has been released in response to a bus arbitration request, or when a transition is
made to standby mode, signals generally become high-impedance, but wheRhe$ thedCAS
signals become high-impedance or continue to be output can be controlled by the HIZCNT bit in
BCR1. This enables the DRAM to be kept in the self-refreshing state.
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CKIO
RASXx
RD/WR
CS2 or CS3

Figure 10.24 DRAM Self-Refresh Cycle Timing

Power-On SequenceRegarding use of DRAM after powering on, it is requested that a wait time

(at least 100 ps or 200 ps) during which no access can be performed be provided, followed by t

prescribed number (usually 8) or more dummy CAS-before-RAS refresh cycles. As the bus stat
controller does not perform any special operations for a power-on reset, the necessary power-ol
sequence must be carried out by the initialization program executed after a power-on reset.
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10.3.5 Synchronous DRAM Interface

Synchronous DRAM Direct Connection:Since synchronous DRAM can be selected bya$ie
signal, physical space areas 2 and 3 can be connectecRésSnand other control signals in
common. If the memory type bits (DRAMTP2-0) in BCR1 are set to 010, area 2 is ordinary
memory space and area 3 is synchronous DRAM space; if set to 011, areas 2 and 3 are both
synchronous DRAM space.

With the SH7709A, burst length 1 burst read/single write mode is supported as the synchronous
DRAM operating mode. A data bus width of 16 or 32 bits can be selected. The burst enable bit
(BE) in MCR is ignored, a 16-bit burst transfer is performed in a cache fill/write-back cycle, and
only one access is performed in a write-through area write or a non-cacheable area read/write.

The control signals for direct connection of synchronous DRAMRAS3L, RAS3U, CASL,

CASU, RD/WR, CS2 or CS3, DQMUU, DQMUL, DQMLU, DQMLL, and CKE. All the signals

other thanCS2 andCS3 are common to all areas, and signals other than CKE are valid and fetchec
to the synchronous DRAM only when CS2 or CS3 is asserted. Synchronous DRAM can therefore
be connected in parallel to a number of areas. CKE is negated (low) only when self-refreshing is
performed, and is always asserted (high) at other times.

However, which of th&®AS3L, RAS3U, CASL, andCASU signals are output is determined by
whether the address is in the upper or lower 32 Mbytes in each area. When the address is in upp
32 Mbytes (area 2: H'0OA000000 to H'OBFFFFFF, area 3: H'OEO00000 to H'OFFFRRARBY)
andCASU are output; when in lower 32 Mbytes (area 2: H'08000000 to H'09FFFFFF, area 3:
H'0C000000 to H'ODFFFFFHRAS3L andCASL are output. In the refresh cycle and mode-

register write cycleRAS3U andRAS3L or CASU andCASL are output.

Commands for synchronous DRAM are specifieRAS3L, RAS3U, CASL, CASU, RD/WR,

and special address signals. The commands are NOP, auto-refresh (REF), self-refresh (SELF),
precharge all banks (PALL), row address strobe bank active (ACTV), read (READ), read with
precharge (READA), write (WRIT), write with precharge (WRITA), and mode register write
(MRS).

Byte specification is performed by DOMUU, DQMUL, DQMLU, and DQMLL. A read/write is
performed for the byte for which the corresponding DQM is low. In big-endian mode, DQMUU
specifies an access to address 4n, and DQMLL specifies an access to address 4n + 3. In little-
endian mode, DQMUU specifies an access to address 4n + 3, and DQMLL specifies an access
address 4n.

Figures 10.25 and 10.26 show examples of the connection of twolBvbitx 4-bank
synchronous DRAMs and one 1#16-bitx 4-bank synchronous DRAM, respectively.
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64M synchronous DRAM

SH7709A (1M x 16-bit x 4-bank)
Al5 Al3
Al4 Al2
A13 All

A2 f— “— o
CKIO CLK
CKE CKE
CsSn cs
RAS3X RAS
CASX CAS
RD/WR WE
D31 - D.Q15
D16 DQO
DQMUU bDaMu
DQMUL DaML
D15
: A13
Do Al2
DQMLU AL
DQMLL :
A0
CLK
CKE
cs
RAS
CAS
WE
DQ15
DQO
DQMU
Note : "x"is UorL DQML

Figure 10.25 Example of 64-Mbit Synchronous DRAM Connection (32-Bit Bus Width)
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64M synchronous DRAM
SH7709A 1M x 16-bit x 4-bank
Al4d Al13
Al3 Al12
Al2 All
Al A0
CKIO CLK
CKE CKE
Csn cs_
RAS3x RAS
CASx CAS
RD/WR WE
D15 —{ DQ15
DO DQO
DQMLU DQMU
DQMLL DQML

Figure 10.26 Example of 64-Mbit Synchronous DRAM (16-Bit Bus Width)

Address Multiplexing: Synchronous DRAM can be connected without external multiplexing
circuitry in accordance with the address multiplex specification bits AMX2-AMX0 in MCR. Table
10.14 shows the relationship between the address multiplex specification bits and the bits output
the address pins.

A25-A16 and AO are not multiplexed; the original values are always output at these pins.

When A0, the LSB of the synchronous DRAM address, is connected to the SH7709A, it performs
longword address specification. Connection should therefore be made in the following order: with
a 32-bit bus width, connect pin A0 of the synchronous DRAM to pin A2 of the SH7709A, then
connect pin Al to pin A3; with a 16-bit bus width, connect pin AO of the synchronous DRAM to
pin Al of the SH7709A, then connect pin Al to pin A2.
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Table 10.14 Relationship between Bus Width, AMX, and Address Multiplex Output

Setting External Address Pins
Bus Output  Alto
Width AMX2 AMX1 AMXO0 Timing A8 A9 A10 All1 A12 Al13 Al4 A15
32 bhits 1 0 0 Column Alto A9 A10 All L/H*1 A13 A22*2 A23*2
address A8
Row A9to Al7 A18 Al19 A20 A21 A22*2 A23*2
address Al16
1 Column Alto A9 A10 All L/H*1 A13 A23*2 A24*2
address A8
Row Al0to A18 A19 A20 A21 A22 A23*2 A24*2
address Al17
1 1 Column Alto A9 All All L/H*1 A21*2 A22*2 A15
address A8
Row A9to Al7 A18 Al9 A20 A21*2 A22*2 A23
address Al16
0 0 0 Column Alto A9 A10 All L/H*1 A21*2 Al14 Al15
address A8
Row A9to Al7 A18 Al9 A20 A21*2A22 A23
address Al16
1 Column Alto A9 A10 All L/H*1 A22*2 A14 Al15
address A8
Row Al0to A18 A19 A20 A21 A22*2A23 A24
address Al17
1 0 Column Alto A9 All All L/H*1 A23*2 A14 Al15
address A8
Row Allto A19 A20 A21 A22 A23*2A24 A25
address A18
1 Column Alto A9 L/H*1 A19*2 A12 A13 Al4 Al5
address A8
Row A9to Al7 A18 Al19*2A20 A21 A22 A23
address Al16

Notes: *1 L/H is a bit used in the command specification; it is fixed at L or H according to the

access mode.

*2 Bank address specification

HITACHI
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Table 10.14 Relationship between Bus Width, AMX, and Address Multiplex Output (cont)

Setting External Address Pins
Bus Output  Alto
Width AMX2 AMX1 AMXO0 Timing A8 A9 A10 All1 A12 A13 Al4 Al15
16 bits 1 0 0 Column Alto A9 A10 L/H*1 A12 A21*2 A22*2 A15
address A8
Row A9to Al7 Al18 Al19 A20 A21*2 A22*2 A23
address A16
1 Column Alto A9 A10 L/H*1 A12 A22*2 A23*2 A15
address A8
Row Al0to A18 A19 A20 A21 A22*2 A23*2 A24
address Al17
1 0 Column Alto A9 A10 L/H*1 A12 A23*2 A24*2 A15
address A8
Row Allto A19 A20 A21 A22 A23*2 A24*2 A25
address Al18
0 0 0 Column Alto A9 A10 L/H*1 A20*2 A13 Al4 Al5
address A8
Row A9to Al7 Al18 Al19 A20*2A21 A22 A23
address Al16
1 Column Alto A9 A10 L/H*1 A21*2 A13 Al4 Al5
address A8
Row Al0to A18 A19 A20 A21*2A22 A23 A24
address Al17
1 0 Column Alto A9 A10 L/H*1 A22*2 A13 Al4 Al5
address A8
Row Allto A19 A20 A21 A22*2A23 A24 A25
address Al18
1 Column Alto L/H*1 A18*2 Al11 Al2 A13 Al4 A15
address A8
Row A9to Al7 Al18*2A19 A20 A21 A22 A23

address A16

Notes: *1 L/H is a bit used in the command specification; it is fixed at L or H according to the
access mode.

*2 Bank address specification
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Table 10.15 Example of Correspondence between SH7709A and Synchronous DRAM
Address Pins (AMX (2-0) = 011 (32-Bit Bus Width))

SH7709A Address Pin Synchronous DRAM Address Pin
RAS Cycle CAS Cycle Function
All A19 Al19 A9 BANK select bank address
A10 Al18 L/H A8 Address precharge setting
A9 Al17 A9 A7 Address
A8 Al6 A8 A6
A7 Al5 A7 A5
A6 Al4d A6 A4
A5 Al3 A5 A3
A4 Al12 A4 A2
A3 All A3 Al
A2 Al0 A2 A0
Al A9 Al Not used
AO A0 A0 Not used

Burst Read: In the example in figure 10.27 it is assumed that foux28bit synchronous

DRAMs are connected and a 32-bit data width is used, and the burst length is 1. Following the T
cycle in which ACTV command output is performed, a READ command is issued in the Tcl, Tc:
and Tc3 cycles, and a READA command in the Tc4 cycle, and the read data is accepted on the
rising edge of the external command clock (CKIO) from cycle Td1 to cycle Td4. The Tpc cycle i
used to wait for completion of auto-precharge based on the READA command inside the
synchronous DRAM; no new access command can be issued to the same bank during this cycle
but access to synchronous DRAM for another area is possible. In the SH7709A, the number of
Tpc cycles is determined by the TPC bit specification in MCR, and commands cannot be issued
for the same synchronous DRAM during this interval.

The example in figure 10.26 shows the basic timing. To connect low-speed synchronous DRAM
the cycle can be extended by setting WCR2 and MCR bits. The number of cycles from the ACT’
command output cycle, Tr, to the READ command output cycle, Tcl, can be specified by the
RCD bit in MCR, with a values of 0 to 3 specifying 1 to 4 cycles, respectively. In case of 2 or
more cycles, a Trw cycle, in which an NOP command is issued for the synchronous DRAM, is
inserted between the Tr cycle and the Tc cycle. The number of cycles from READ and READA
command output cycles Tc1-Tc4 to the first read data latch cycle, Td1, can be specified as 1 to
cycles independently for areas 2 and 3 by means of A2W1 and A2WO0 or A3W1 and A3WO in
WCR2. This number of cycles corresponds to the number of synchronous DRAM CAS latency
cycles.
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Figure 10.27
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Figure 10.28 shows the burst read timing when RCD is set to 1, A3W1 and A3WO are set to 10,

and TPC is setto 1.
The order of access is as follows: in a fill operation in the event of a cache miss, the missed dat:

bytes, address updating is performed for A3 and A2 only (A3, A2, and Al for a 16-bit bus width)
read first, then 16-byte boundary data including the missed data is read in wraparound mode.

The BS cycle, which is asserted for one cycle at the start of a bus cycle for normal access space
asserted in each of cycles Td1-Td4 in a synchronous DRAM cycle. When a burst read is
performed, the address is updated each @ith® is asserted. As the unit of burst transfer is 16
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Figure 10.28 Synchronous DRAM Burst Read Wait Specification Timing
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Single Read:Figure 10.29 shows the timing when a single address read is performed. As the bur:
length is set to 1 in synchronous DRAM burst read/single write mode, only the required data is

output. Consequently, no unnecessary bus cycles are generated even when a cache-through are

accessed.

Tdl

Tcl

CKIO

) 7%
— e) o
< 3< © . a
g <g 5 B x £ 2
y Ql [9p] [¥p)] <
89 I 9-Z 78 < < 0 o 3
<< < << o T o o 8 o

Figure 10.29 Basic Timing for Synchronous DRAM Single Read
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Burst Write: The timing chart for a burst write is shown in figure 10.30. In the SH7709A, a burst
write occurs only in the event of cache write-back or 16-byte transfer by DMAC. In a burst write
operation, following the Tr cycle in which ACTV command output is performed, a WRIT
command is issued in the Tcl, Tc2, and Tc3 cycles, and a WRITA command that performs auto
precharge is issued in the Tc4 cycle. In the write cycle, the write data is output at the same time
the write command. In case of the write with auto-precharge command, precharging of the
relevant bank is performed in the synchronous DRAM after completion of the write command,
and therefore no command can be issued for the same bank until precharging is completed.
Consequently, in addition to the precharge wait cycle, Tpc, used in a read access, cycle Trwl is
also added as a wait interval until precharging is started following the write command. Issuance
a new command for the same bank is postponed during this interval. The number of Trwl cycles
can be specified by the TRWL bit in MCR.
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Figure 10.30
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Single Write: The basic timing chart for write access is shown in figure 10.31. In a single write
operation, following the Tr cycle in which ACTV command output is performed, a WRITA
command that performs auto-precharge is issued in the Tcl cycle. In the write cycle, the write
data is output at the same time as the write command. In case of the write with auto-precharge
command, precharging of the relevant bank is performed in the synchronous DRAM after
completion of the write command, and therefore no command can be issued for the same bank
until precharging is completed. Consequently, in addition to the precharge wait cycle, Tpc, used
a read access, cycle Trwl is also added as a wait interval until precharging is started following tt
write command. Issuance of a new command for the same bank is postponed during this interve
The number of Trwl cycles can be specified by the TRWL bit in MCR.
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Figure 10.31 Basic Timing for Synchronous DRAM Single Write
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Bank Active: The synchronous DRAM bank function is used to support high-speed accesses to
the same row address. When the RASD bit in MCR is 1, read/write command accesses are
performed using commands without auto-precharge (READ, WRIT). In this case, precharging is
not performed when the access ends. When accessing the same row address in the same bank
possible to issue the READ or WRIT command immediately, without issuing an ACTV commanc
in the same way as in the RAS down state in DRAM fast page mode. As synchronous DRAM is
internally divided into two or four banks, it is possible to activate one row address in each bank.
the next access is to a different row address, a PRE command is first issued to precharge the
relevant bank, then when precharging is completed, the access is performed by issuing an ACT
command followed by a READ or WRIT command. If this is followed by an access to a different
row address, the access time will be longer because of the precharging performed after the acc
request is issued.

In a write, when auto-precharge is performed, a command cannot be issued for a period of Trwl
Tpc cycles after issuance of the WRITA command. When bank active mode is used, READ or
WRIT commands can be issued successively if the row address is the same. The number of cyc¢
can thus be reduced by Trwl + Tpc cycles for each write. The number of cycles between issuant
of the precharge command and the row address strobe command is determined by the TPC bit
MCR.

Whether faster execution speed is achieved by use of bank active mode or by use of basic acce
determined by the probability of accessing the same row address (P1), and the average humbel
cycles from completion of one access to the next access (Ta). If Ta is greater than Tpc, the dels
due to the precharge wait when writing is imperceptible. In this case, the access speed for bank
active mode and basic access is determined by the number of cycles from the start of access to
issuance of the read/write command: (Tpc + Trc@ — P1) and Trcd, respectively.

There is a limit on Tras, the time for placing each bank in the active state. If there is no guarante
that there will not be a cache hit and another row address will be accessed within the period in
which this value is maintained by program execution, it is necessary to set auto-refresh and set
refresh cycle to no more than the maximum value of Tras. In this way, it is possible to observe t
restrictions on the maximum active state time for each bank. If auto-refresh is not used, measur
must be taken in the program to ensure that the banks do not remain active for longer than the
prescribed time.

A burst read cycle without auto-precharge is shown in figure 10.32, a burst read cycle for the sa
row address in figure 10.33, and a burst read cycle for different row addresses in figure 10.34.
Similarly, a burst write cycle without auto-precharge is shown in figure 10.35, a burst write cycle
for the same row address in figure 10.36, and a burst write cycle for different row addresses in
figure 10.37.
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A Tnop cycle, in which no operation is performed, is inserted before the Tc cycle in which the
READ command is issued in figure 10.33, but when synchronous DRAM is read, there is a two-
cycle latency for the DQMxx signal that performs the byte specification. If the Tc cycle were
performed immediately, without inserting a Tnop cycle, it would not be possible to perform the
DQMxx signal specification for Td1 cycle data output. This is the reason for inserting the Tnop
cycle. If the CAS latency is two cycles or longer, Thop cycle insertion is not performed, since the
timing requirements will be met even if the DQMxx signal is set after the Tc cycle.

When bank active mode is set, if only accesses to the respective banks in the area 3 space are
considered, as long as accesses to the same row address continue, the operation starts with the
cycle in figure 10.32 or 10.35, followed by repetition of the cycle in figure 10.33 or 10.36. An
access to a different area 3 space during this time has no effect. If there is an access to a differel
row address in the bank active state, after this is detected the bus cycle in figure 10.34 or 10.37 i
executed instead of that in figure 10.33 or 10.36. In bank active mode, too, all banks become
inactive after a refresh cycle or after the bus is released as the result of bus arbitration.
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Figure 10.32 Burst Read Timing (No Precharge)
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Figure 10.34 Burst Read Timing (Different Row Addresses)
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Burst Write Timing (No Precharge)

Figure 10.35
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CASx

Figure 10.36 Burst Write Timing (Same Row Address)
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Figure 10.37
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Refreshing: The bus state controller is provided with a function for controlling synchronous
DRAM refreshing. Auto-refreshing can be performed by clearing the RMODE bit to 0 and setting
the RFSH bit to 1 in MCR. If synchronous DRAM is not accessed for a long period, self-refresh
mode, in which the power consumption for data retention is low, can be activated by setting bott
the RMODE bit and the RFSH bit to 1.

Auto-Refreshing

Refreshing is performed at intervals determined by the input clock selected by bits CKS2-0 ir
RTCSR, and the value set in RTCOR. The value of bits CKS2-0 in RTCOR should be set so
to satisfy the refresh interval stipulation for the synchronous DRAM used. First make the
settings for RTCOR, RTCNT, and the RMODE and RFSH bits in MCR, then make the CKS2
CKSO0 setting. When the clock is selected by CKS2-CKS0, RTCNT starts counting up from th
value at that time. The RTCNT value is constantly compared with the RTCOR value, and if tf
two values are the same, a refresh request is generated and an auto-refresh is performed. A
same time, RTCNT is cleared to zero and the count-up is restarted. Figure 10.38 shows the
auto-refresh cycle timing.

All-bank precharging is performed in the Tp cycle, then an REF command is issued in the TF
cycle following the interval specified by the TPC bits in MCR. After the TRr cycle, new
command output cannot be performed for the duration of the number of cycles specified by t
TRAS bits in MCR plus the number of cycles specified by the TPC bits in MCR. The TRAS
and TPC bits must be set so as to satisfy the synchronous DRAM refresh cycle time stipulati
(active/active command delay time).

Auto-refreshing is performed in normal operation, in sleep mode, and in case of a manual
reset.
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Figure 10.39 Synchronous DRAM Auto-Refresh Timing
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e Self-Refreshing

Self-refresh mode is a kind of standby mode in which the refresh timing and refresh addresse:
are generated within the synchronous DRAM. Self-refreshing is activated by setting both the
RMODE bit and the RFSH bit to 1. The self-refresh state is maintained while the CKE signal
is low. Synchronous DRAM cannot be accessed while in the self-refresh state. Self-refresh
mode is cleared by clearing the RMODE bit to 0. After self-refresh mode has been cleared,
command issuance is disabled for the number of cycles specified by the TPC bits in MCR.
Self-refresh timing is shown in figure 10.40. Settings must be made so that self-refresh
clearing and data retention are performed correctly, and auto-refreshing is performed at the
correct intervals. When self-refreshing is activated from the state in which auto-refreshing is
set, or when exiting standby mode other than through a power-on reset, auto-refreshing is
restarted if RFSH is set to 1 and RMODE is cleared to O when self-refresh mode is cleared. If
the transition from clearing of self-refresh mode to the start of auto-refreshing takes time, this
time should be taken into consideration when setting the initial value of RTCNT. Making the
RTCNT value 1 less than the RTCOR value will enable refreshing to be started immediately.

After self-refreshing has been set, the self-refresh state continues even if the chip standby sta
is entered using the SH7709A’s standby function, and is maintained even after recovery from
standby mode other than through a power-on reset. In case of a power-on reset, the bus state
controller’s registers are initialized, and therefore the self-refresh state is cleared.

Self-refreshing is performed in normal operation, in sleep mode, in standby mode, and in case
of a manual reset.

When using synchronous DRAM, use the following procedure to initiate self-refreshing.

1. Clear the refresh control bit to 0.
2. Write H'00 to the RTCNT register.
3. Set the refresh control bit and refresh mode bit to 1.
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Figure 10.40 Synchronous DRAM Self-Refresh Timing
Relationship between Refresh Requests and Bus Cycle Requests

If a refresh request is generated during execution of a bus cycle, execution of the refresh is
deferred until the bus cycle is completed. If a refresh request occurs when the bus has been
released by the bus arbiter, refresh execution is deferred until the bus is acquired. If a match
between RTCNT and RTCOR occurs while a refresh is waiting to be executed, so that a new
refresh request is generated, the previous refresh request is eliminated. In order for refreshir
to be performed normally, care must be taken to ensure that no bus cycle or bus mastership
occurs that is longer than the refresh interval. When a refresh request is generated, the
IRQOUT pin is asserted (driven low). Therefore, normal refreshing can be performed by
having thedRQOUT pin monitored by a bus master other than the SH7709A requesting the
bus, or the bus arbiter, and returning the bus to the SH7709A. When refreshing is started, ar
if no other interrupt request has been generatedRQOUT pin is negated (driven high).
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Power-On Sequenceltn order to use synchronous DRAM, mode setting must first be performed
after powering on. To perform synchronous DRAM initialization correctly, the bus state controller
registers must first be set, followed by a write to the synchronous DRAM mode register. In
synchronous DRAM mode register setting, the address signal value at that time is latched by a
combination of th&RAS, CAS, and RDWR signals. If the value to be set is X, the bus state
controller provides for value X to be written to the synchronous DRAM mode register by
performing a write to address H'FFFFD00O + X for area 2 synchronous DRAM, and to address
H'FFFFEOOO + X for area 3 synchronous DRAM. In this operation the data is ignored, but the
mode write is performed as a byte-size access. To set burst read/single write, CAS latency 1 to 3
wrap type = sequential, and burst length 1 supported by the SH7709A, arbitrary data is written in
byte-size access to the following addresses.

Area 2 Area 3
32-hit CAS latency 1 FFFFD840 FFFFE840
Bus width CAS latency 2 FFFFD880 FFFFE880

CAS latency 3 FFFFD8CO FFFFE8CO

Area 2 Area 3
16-bit CAS latency 1 FFFFD420 FFFFE420
Bus width CAS latency 2 FFFFD440 FFFFE440

CAS latency 3 FFFFD460 FFFFE460
Mode register setting timing is shown in figure 10.41.

As a result of the write to address H'FFFFD000 + X or H'FFFFEOQO + X, a precharge all banks
(PALL) command is first issued in the TRp1 cycle, then a mode register write command is issued
in the TMw1 cycle.

Address signals, when the mode-register write command is issued, are as follows:

32-bit A15-A9 0000100 (burst read and single write)
Bus width A8-A6 CAS latency

A5 0 (burst type = sequential)

A4-A2 000 (burst length 1)
16-bit Al14-A8 0000100 (burst read and single write)
Bus width A7-A5 CAS latency

A4 0 (burst type = sequential)

A3-Al 000 (burst length 1)

Before mode register setting, a 100 ps idle time (depending on the memory manufacturer) must
guaranteed after powering on requested by the synchronous DRAM. If the reset signal pulse wid!
is greater than this idle time, there is no problem in performing mode register setting immediately
The number of dummy auto-refresh cycles specified by the manufacturer (usually 8) or more mu
be executed. This is usually achieved automatically while various kinds of initialization are being
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short refresh request generation interval just while these dummy cycles are being executed. Wit
simple read or write access, the address counter in the synchronous DRAM used for auto-

performed after auto-refresh setting, but a way of carrying this out more dependably is to set a
refreshing is not initialized, and so the cycle must always be an auto-refresh cycle.
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Figure 10.41 Synchronous DRAM Mode Write Timing




10.3.6  Burst ROM Interface

Setting bits AOBST (1-0), A5BST (1-0), and A6BST (1-0) in BCR1 to a non-zero value allows
burst ROM to be connected to areas 0, 5, and 6. The burst ROM interface provides high-speed
access to ROM that has a nibble access function. The timing for nibble access to burst ROM is
shown in figure 10.42. Two wait cycles are set. Basically, access is performed in the same way a
for normal space, but when the first cycle endga$@ signal is not negated, and only the address

is changed before the next access is executed. When 8-bit ROM is connected, the number of
consecutive accesses can be set as 4, 8, or 16 by bits AOBST (1-0), ASBST (1-0), or A6BST (1-
0). When 16-bit ROM is connected, 4 or 8 can be set in the same way. When 32-bit ROM is
connected, only 4 can be set.

WAIT pin sampling is performed in the first access if one or more wait states are set, and is
always performed in the second and subsequent accesses.

The second and subsequent access cycles also comprise two cycles when a burst ROM setting i
made and the wait specification is 0. The timing in this case is shown in figure 10.43.
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A25 to A4
A3 to AO

Note: For a write cycle, a basic bus cycle (write cycle) is performed.

Figure 10.42 Burst ROM Wait Access Timing
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Figure 10.43 Burst ROM Basic Access Timing
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10.3.7 PCMCIA Interface

In the SH7709A, setting the ASPCM bit in BCR1 to 1 makes the bus interface for physical space
area 5 an IC memory card and I/O card interface as stipulated in JEIDA version 4.2
(PCMCIA2.1). Setting the AGPCM bit to 1 makes the bus interface for physical space area 6 an
memory card and I/O card interface as stipulated in JEIDA version 4.2.

When the PCMCIA interface is used, a bus size of 8 or 16 bits can be set by bits A5SZ1 and
A5SZ0, or A6SZ1 and A6SZ0, in BCR2.

Figure 10.43 shows an example of PCMCIA card connection to the SH7709A. To enable active
insertion of the PCMCIA cards (i.e. insertion or removal while system power is being supplied),
3-state buffer must be connected between the SH7709A’s bus interface and the PCMCIA cards

As operation in big-endian mode is not explicitly stipulated in the JEIDA/PCMCIA specifications,
the PCMCIA interface for the SH7709A in big-endian mode is stipulated independently.
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Figure 10.44 Example of PCMCIA Interface
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Memory Card Interface Basic Timing: Figure 10.45 shows the basic timing for the PCMCIA IC
memory card interface. When physical space areas 5 and 6 are designated as PCMCIA interfac
areas, bus accesses are automatically performed as IC memory card interface accesses.

With a high external bus frequency (CKIO), the setup and hold times for the address (A24—A0),
card enable(S5, CE2A, CS6, CE2B), and write data (D15-D0) in a write cycle, become
insufficient with respect t&D andWR (the WE pin in the SH7709A). The SH7709A provides for
this by enabling setup and hold times to be set for physical space areas 5 and 6 in the PCR regi
Also, software waits by means of a WCR2 register setting and hardware waits by means of the
WALIT pin can be inserted in the same way as for the basic interface. Figure 10.46 shows the
PCMCIA memory bus wait timing.
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Figure 10.45 Basic Timing for PCMCIA Memory Card Interface
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Figure 10.46 Wait Timing for PCMCIA Memory Card Interface

337

HITACHI



Memory Card Interface Burst Timing: Inthe SH7709A, when the IC memory card interface is

selected, page mode burst access mode can be used, for read access only, by setting bits ASBS
and A5BSTO in BCR1 for physical space area 5, or bits A6BST1 and A6BSTO in BCR1 for area

6. This burst access mode is not stipulated in JEIDA version 4.2 (PCMCIA2.1), but allows high-

speed data access using ROM provided with a burst mode, etc.

Burst access mode timing is shown in figures 10.47 and 10.48.
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Figure 10.47 Basic Timing for PCMCIA Memory Card Interface Burst Access
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D15 to DO

A25to A4
A3 to AO
(read)

Figure 10.48 Wait Timing for PCMCIA Memory Card Interface Burst Access
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When the entire 32-Mbyte memory space is used as IC memory card interface space, the comm
memory/attribute memory switching sigrRiEG is generated using a port, etc. If 16-Mbytes or

less of memory space is sufficient, using 16 Mbytes of memory space as common memory space
and 16 Mbytes as attribute memory space enables the A24 pin to be use®&G thignal.

32-Mbyte capacity (REG = I/O port)

Area 5: H'14000000 Common memory/
attribute memory

Area 5: H'16000000

I/O space
Area 6: H'18000000 Common memory/
attribute memory
Area 6: H'1A000000
I/O space
Up to 16-Mbyte capacity (REG = A24)
Area 5: H'14000000 Attribute memory
Area 5: H'15000000 Common memory
Area 5: H'16000000 I/O space
H'17000000
Area 6: H'18000000 Attribute memory
Area 6: H'19000000 Common memory
Area 6: H'1A000000 I/O space
H1BOO0OOO | —————

Figure 10.49 PCMCIA Space Allocation
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I/O Card Interface Timing: Figures 10.50 and 10.51 show the timing for the PCMCIA 1/O card
interface.

Switching between the I/O card interface and the IC memory card interface is performed
according to the accessed address. When PCMCIA is designed for physical space area 5, the b
access is automatically performed as an I/O card interface access when a physical address fror
H'16000000 to H'17FFFFFF is accessed. When PCMCIA is designated for physical space area
the bus access is automatically performed as an 1/O card interface access when a physical add
from H'1A000000 to H'1BFFFFFF is accessed.

When accessing a PCMCIA I/O card, the access should be performed using a non-cacheable a
in virtual space (P2 or P3 space) or an area specified as non-cacheable by the MMU.

When an 1/O card interface access is made to a PCMCIA card in little-endian mode, dynamic
sizing of the 1/0 bus width is possible using I&#S16 pin. When a 16-bit bus width is set for

area 6, if thdOIS16 signal is high during a word-size 1/0 bus cycle, the 1/O port is recognized as
being 8 bits in width. In this case, a data access for only 8 bits is performed in the 1/0O bus cycle
being executed, followed automatically by a data access for the remaining 8 bits.

Figure 10.52 shows the basic timing for dynamic bus sizing.
In big-endian mode, th®IS16 signal is not supported.

In big-endian mode, th®IS16 signal should be fixed low.
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Figure 10.50 Basic Timing for PCMCIA 1/O Card Interface
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A25to AO
D15 to DO
(write)

S
101S16

(read)

CEXxx
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Figure 10.51 Wait Timing for PCMCIA 1/O Card Interface
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Figure 10.52 Dynamic Bus Sizing Timing for PCMCIA 1/O Card Interface
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10.3.8  Waits between Access Cycles

A problem associated with higher external memory bus operating frequencies is that data buffer
turn-off on completion of a read from a low-speed device may be too slow, causing a collision
with data in the next access. This results in lower reliability or incorrect operation. To avoid this
problem, a data collision prevention feature has been provided. This memorizes the preceding
access area and the kind of read/write. If there is a possibility of a bus collision when the next
access is started, a wait cycle is inserted before the access cycle thus preventing a data collisio
There are two cases in which a wait cycle is inserted: when an access is followed by an access
different area, and when a read access is followed by a write access from the SH7709A. When
SH7709A performs consecutive write cycles, the data transfer direction is fixed (from the
SH7709A to other memory) and there is no problem. With read accesses to the same area, in
principle, data is output from the same data buffer, and wait cycle insertion is not performed. Bit
AnIW1 and AnlWO (n = 0, 2-6) in WCRL1 specify the number of idle cycles to be inserted
between access cycles when a physical space area access is followed by an access to another
or when the SH7709A performs a write access after a read access to physical space area n. If t
is originally space between accesses, the number of idle cycles inserted is the specified numbe
idle cycles minus the number of empty cycles.

Waits are not inserted between accesses when bus arbitration is performed, since empty cycles
inserted for arbitration purposes.
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Figure 10.53 Waits between Access Cycles

10.3.9 Bus Arbitration

When a bus release reqUEBREQ) is received from an external device, buses are released after
the bus cycle being executed is completed and a bus grant 8K} is output The bus is not
released during burst transfers for cache fills or TAS instruction execution between the read cycle
and write cycle. Bus arbitration is not executed in multiple bus cycles that are generated when thi
data bus width is shorter than the access size; i.e. in the bus cycles when longword access is
executed for the 8-bit memory. At the negatioBBEQ, BACK is negated and bus use is
restartedSee Appendix A.1, Pin States, for the pin state when the bus is released.

The SH7709A sometimes needs to retrieve a bus it has released. For example, when memory
generates a refresh request or an interrupt request internally, the SH7709A must perform the
appropriate processing. The SH7709A has a bus request $RQaI(T) for this purpose. When

it must retrieve the bus, it asserts IREOUT signal. Devices asserting an external bus release
request receive the assertion of RQOUT signal and negate tBBREQ signal to release the bus.
The SH7709A retrieves the bus and carries out the processing.
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IRQOUT Pin Assertion Conditions:

« When a memory refresh request has been generated but the refresh cycle has not yet begur

« When an interrupt is generated with an interrupt request level higher than the setting of the
interrupt mask bits (13—10) in the status register (SR). (This does not depend on the SR.BL bi

10.3.10 Bus Pull-Up

With the SH7709A, address pin pull-up can be performed when the bus is released by setting th

PULA bit in BCR1 to 1. The address pins are pulled up for a 4-clock perioBafteK is

asserted. Figure 10.54 shows the address pin pull-up timing. Similarly, data pin pull-up can be
performed by setting the PULD bit in BCR1 to 1. The data pins should be pulled up when the da
bus is not in use. The data pin pull-up timing for a read cycle is shown in figure 10.55, and the

timing for a write cycle in figure 10.56.

CKIO

)

AYAVAVAVAVAVAVAS

A25 to AO

Pull-up

BACK

\

Hi-Z

Figure 10.54 Pins A25 to A0 Pull-Up Timing
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CKIO - /
D31 to DO Pull-up Pull-up
RD
= \

Figure 10.55 Pins D31 to DO Pull-Up Timing (Read Cycle)
CKIO L o /
D31 to DO Pull-up Pull-up
e /
o \ /

Figure 10.56 Pins D31 to DO Pull-Up Timing (Write Cycle)
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10.3.11 MCS|[0] to MCS[7] Pin Control

The SH7709A is provided with pidCS[0]-MCS[7] as dedicate@S pins for the ROM
connected to area 0 or 2. AssertioMi£S[0]-MCS[7] is controlled by settings in MCSCRO—
MCSCRY7. This enables 32-, 64-, 128-, or 256-Mbit memory to be connected to area O or area 2

Table 10.16 shows MCSCRO-MCSCRY7 settingsMat$b[0]-MCS[7] assertion conditions.

As theMCS[0]-MCS[7] pins are multiplexed as the PTCO-PTC7 pins, when using these pins as
MCS[0]-MCS[7], the corresponding bits in the PCCR register should be set to “other function.”

When CS2/0 = 0 in the MCSCRO and when the PTCO pin is switchdd'$§0] (when
PCOMD1-PCOMDO are set to “other function”), 180 pin is also switched fICS[0].

As port register writes operate on the peripheral clock, they take time compared with instruction
execution by the CPU operating on the high-speed internal clock. Therefore, if an instruction th:
accesseMICS[1] to MCS[7] is located several instructions after an instruction that switches port C
to MCS, the switch from PTC[n] tdICS[n] and fromCS0 to MCS[0] may not be performed
correctly.

To prevent this problem, the following switching procedure should be used.
« When the program runs with cache on

(1) To switch port C toMCS, set the corresponding bits in the PCCR register to 00 ("other
function").

(2) Read the PCCR register and check whether the set value is read. Repeat until the set value
read.

(3) Perform a dummy read from non-cacheable CSO space (e.g. address H'A0000000). This wi
result in an access to the CSO0 space, and immediately afterward, CSO will be switched to

MCS|[0], and port C[n] will be switched ®ICS[n].
(4) Access can now be made to MES[1] to MCS[7] spaces.

« When the program runs MCS[0] space with cache off

(1) Set the PCCR register as in (1) above.

(2) Place at least three NOP instructions after the instruction in (1). As a result, when the PCCF
register is rewritten, an access to the CSO0 space will be generated, and immediately afterwa

CSO0 will be switched tMCS[0], and port C[n] will be switched ®ICS[n].
(3) Access can now be made to MES[1] to MCS[7] spaces.
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Table 10.16 MCSCRXx Settings anMCS[x] Assertion Conditions (x: 0-7)

MCSCRXx Settings MCSIx] Assertion Conditions
CS2/0 CAP1 CAPO A25 A24 A23 A22 CS2 Address Bus A [25:0] Notes

(V2]
o

0 1 1 o - — — H'0000000 to H'1FFFFFF  256-Mbit ROM
H'2000000 to H'3FFFFFF

H'0000000 to H'OFFFFFF  128-Mbit ROM
H'1000000 to H'1FFFFFF
H'2000000 to H'2FFFFFF
H'3000000 to H'3FFFFFF

H'0000000 to H'O7FFFFF  64-Mbit ROM
H'0800000 to H'OFFFFFF
H'1000000 to H'17FFFFF
H'1800000 to H'1FFFFFF
H'2000000 to H'27FFFFF
H'2800000 to H'2FFFFFF
H'3000000 to H'37FFFFF
H'3800000 to H'3FFFFFF

H'0000000 to H'O3FFFFF  32-Mbit ROM
H'0400000 to H'07FFFFF
H'0800000 to H'OBFFFFF
H'0C00000 to H'OFFFFFF
H'1000000 to H'13FFFFF
H'1400000 to H'17FFFFF
H'1800000 to H'1BFFFFF
H'1C00000 to H'1FFFFFF
H'2000000 to H'23FFFFF
H'2400000 to H'27FFFFF
H'2800000 to H'2BFFFFF
H'2C00000 to H'2FFFFFF
H'3000000 to H'33FFFFF
H'3400000 to H'37FFFFF
H'3800000 to H'3BFFFFF
H'3C00000 to H'3FFFFFF

| Y I N O I Y Y Y Y Y N N Y Y O Y o Y o N s Y Y Y I i A i A i A i A il I @ |

m
H
H
H
H
H
H
H
H
H
H
H
H
H
H
H
H
H
H
H
H
H
H
H
H
H
H
H
H
H

ik PrPO OO OO OO|]C|FRP|FP|FP|PIOlOlO|OC|FR|P|IO|O|PFR
k|| PP OlOjlO|OC|Fr|FrPIFPI P OOjlCO|]CO|r|rP|lO|lO|FP|P| O|OC|Fr | O|Fr|O

b|~|lo|lo|r|r|lo|lo|r|r|lo|lo|r|r|lo|lo|r|o|lr|lo|r|o|lr|o

k|l O/, O|FrRP|IO|FP|O|FRP|O|FR, | O|F|O|Fr|O
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Table 10.16 MCSCRx Settings an®#CS[x] Assertion Conditions (x: 0-7) (cont)

MCSCRx Settings

MCS][x] Assertion Conditions

CS2/0 CAP1 CAPO A25

A24

A23

A22

»
o

CSs2

Address Bus A[25:0]

Notes

1

1

1

0

H'0000000 to H'1FFFFFF

H'2000000 to H'3FFFFFF

256-Mbit ROM

H'0000000 to H'OFFFFFF

H'1000000 to H'1FFFFFF

H'2000000 to H'2FFFFFF

H'3000000 to H'3FFFFFF

128-Mbit ROM

H'0000000 to H'07FFFFF

H'0800000 to H'OFFFFFF

H'1000000 to H'17FFFFF

H'1800000 to H'1FFFFFF

H'2000000 to H'27FFFFF

H'2800000 to H'2FFFFFF

H'3000000 to H'37FFFFF

H'3800000 to H'3FFFFFF

64-Mbit ROM

H'0000000 to H'03FFFFF

H'0400000 to H'07FFFFF

H'0800000 to H'OBFFFFF

H'0C00000 to HOFFFFFF

H'1000000 to H'13FFFFF

H'1400000 to H'17FFFFF

H'1800000 to H'1BFFFFF

H'1C00000 to H'1FFFFFF

H'2000000 to H'23FFFFF

H'2400000 to H'27FFFFF

H'2800000 to H'2BFFFFF

H'2C00000 to H'2FFFFFF

H'3000000 to H'33FFFFF

H'3400000 to H'37FFFFF

H'3800000 to H'3BFFFFF

PR P P|PIPFPIP OO 0Ojl0O0OjlCOj]CO|CO|FR,|FP|FP|IPIOlOlO|lO|FR| P O|lO|PFR

ki, O OlOClOC|F|+FF|IFRFIFPN OO OOC|Fr|P OOC|FRr|P O|lOC|Fr|O|Fr|O

|/, OOC|rP|IrP O|jOCO|r|rpr OO |rRP|rP O|OC|rPr| O O|PF,|O|Fr|O

kO O|FrRP|IO|FrP|O|FRP|OC|Fr, | O|F|O|Fr|O

I r rrrfrrrr r r r r r r r r r r r r|rT|T|T|T|T|T|T|IT| IO
| N O I Y Y N O Y e I I Y Y N Y v Y N v Y v Y Y I I A I A

H'3C00000 to H'3FFFFFF

32-Mbit ROM
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Section 11 Direct Memory Access Controller (DMAC)

11.1  Overview

This 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, and on-chip peripheral modules (IrDA, SCIF, A/D converter, and D/A converter). Using
the DMAC reduces the burden on the CPU and increases overall operating efficiency.

11.1.1 Features

The DMAC has the following features.

e Four channels

e 4-GB physical address space

e 8-bit, 16-bit, 32-bit, or 16-byte transfer (In 16-byte transfer, four 32-bit reads are executed,
followed by four 32-bit writes.)

¢ 16 Mbytes (16777216 transfers)

¢ Address mode: Dual address mode and single address mode are supported. In addition, dir
address transfer mode or indirect address transfer mode can be selected.

O Dual address mode transfer: Both the transfer source and transfer destination are access
by address. Dual address mode has direct address transfer mode and indirect address
transfer mode.

Direct address transfer mode: The values specified in the DMAC registers indicates the
transfer source and transfer destination. Two bus cycles are required for one data transfi
Indirect address transfer mode: Data is transferred with the address stored prior to the
address specified in the transfer source address in the DMAC. Other operations are the
same as those of direct address transfer mode. This function is only valid in channel 3.
Four bus cycles are requested for one data transfer.

O Single address mode transfer: Either the transfer source or transfer destination peripheral
device is accessed (selected) by means of the DACK signal, and the other device is
accessed by address. One transfer unit of data is transferred in one bus cycle.

¢ Channel functions: Transfer mode that can be specified is different in each channel.
O Channel 0: External request can be accepted.
0 Channel 1: External request can be accepted.

O Channel 2: This channel has a source address reload function, which reloads a source
address for each 4 transfers.

O Channel 3: In this channel, direct address mode or indirect address transfer mode can be
specified.
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* Reload function: The value that was sp