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Preface

The SH7708, SH7708S, and SH7708R(SH7708 Series) use a RISC (reduced instruction set
computer) type CPU to achieve high-performance computational processing. Also incorporating
the peripheral functions required for system configuration plus power-down features essential for
microcontroller application systems, the SH7708 Series is a new-generation RISC microcontroller
(SuperH RISC engine).

The SH7708 Series have a RISC type instruction set, with basic instructions executed in one
state, offering a drastic improvement in instruction execution speed. It also has an on-chip 32-bit
multiplier (producing a 64-bit result) capable of high-speed multiply-and-accumulate operations.
The SH7708 Series' sinstructions are upward-compatible with those of the SH-1 and SH-2,
facilitating migration from these series to the SH7708 Series.

SH7708R is completely pin compatible with the SH7708S. On-chip supporting modules that
enable a user system to be configured with a minimum of components include oscillation circuits,
an interrupt controller (INTC), timers, arealtime clock (RTC), and a serial communication
interface (SCI). A user break controller (UBC) is provided as an on-chip module supporting
program development, allowing easy configuration of a simple debugger.

On-chip cache memory improves CPU processing performance, and a built-in memory
management unit (MMU) performs address trand ation between a 4-gigabyte virtua space and
physical space. An on-chip bus state controller (BSC) provides more efficient external memory
access, and enables direct connection to synchronous DRAM, DRAM, and pseudo-SRAM without
the need for glue logic.

This hardware manual describes the hardware of the SH7708 Series. Details of instructions can be
found in the programming manual.

Related Manuals

SH7708Series instructions
SH-3/SH-3E/SH3-DSP Programming Manual

Please consult your Hitachi sales representative for details of development environment system.
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Section1 Overview and Pin Functions

1.1 SH7708 Series Features

The SH7708, SH7708S, and SH7708R(SH7708 Series) are 32-bit RISC (reduced instruction set
computer) microcomputers, featuring object code upward-compatibility with SH-1 and SH-2
microcomputers. The SH7708R is completely pin compatible with the SH7708S. It includes an 8-
kbyte cache with a choice of write-back or write-through mode, and an MMU (memory
management unit) with a 128-entry 4-way set associative TLB (trandation lookaside buffer).

The SH7708 Series have an on-chip bus state controller (BSC) that allows direct connection to
DRAM, synchronous DRAM (SDRAM), and pseudo-SRAM (PSRAM) without external circuitry.
Its 16-hit fixed-length instruction set enables program code size to be reduced by almost 50%
compared with 32-bit instructions.

The features of the SH7708 Series are summarized in table 1.1.
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Table 1.1 SH7708 Series Features

Iltem Features

CPU  Original Hitachi SuperH RISC engine architecture
e 32-bit internal data bus
» General-register machine
O Sixteen 32-bit general registers (eight 32-bit bank registers)
0 Five 32-bit control registers
O Four 32-bit system registers

* RISC-type instruction set (upward compatibility with the SH-1 and SH-2
series)

O Instruction length: 16-bit fixed length for improved code efficiency
O Load-store architecture
O Delayed branch instructions
O C-oriented instruction set
» Instruction execution time: one instruction/cycle for basic instructions
» Logical address space: 4 Ghytes (448-Mbyte actual memory space)
» Space identifier ASID: 8 bits, 256 logical address spaces
*  On-chip multiplier
» Five-stage pipeline

Operating modes, « Clock mode: selected from an on-chip oscillator module, a frequency-
clock pulse doubling circuit, or a clock output by combining them by PLL synchronization
generator i
» Processing states:
Power-on reset state
Manual reset state
Exception processing state
Program execution state

Power-down state

O Oooood

Bus-released state
* Power-down modes:
0 Sleep mode
0 Standby mode
0 Hardware Standby mode(SH7708S, SH7708R only)
* On-chip clock pulse generator
» One watchdog timer channel
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Table 1.1 SH7708 Series Features (cont)

Iltem Features

Memory e 4 Gbytes of address space, 256 address spaces (8-bit ASID)
mqnagement e Supports single virtual memory mode and multiple virtual memory mode
unit (MMU)

Paging system
Supports multiple page sizes: 1 or 4 kbytes
128-entry, 4-way set associative TLB

Supports software selection of replacement method and random-replacement
algorithms

Contents of TLB are directly accessible by address mapping

Cache memory

Choice of operating mode

O Normal mode (8-kbyte cache)

O RAM mode (4-kbyte cache + 4-kbyte RAM)

Mixed instruction/data, 128 entries, 16-byte block length
0 4-way set associative (8-kbyte cache)

0O 2-way set associative (4-kbyte cache)

Selectable write method (write-back/write-through), LRU (least recently used)
replacement algorithm

Single-stage write-back buffer

Contents of TLB can be accessed directly by address mapping (can be used
as on-chip memory)

Interrupt e 5 external interrupt pins (NMI, IRLO to IRL3)

(clmrjlfgller » Encoded input of 15 external interrupt sources via pins IRLO to IRL3
e On-chip peripheral interrupts: priority levels set for each module

User break * Supports debugging by user break interrupts

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
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Table 1.1 SH7708 Series Features (cont)

Iltem Features

Bus state e Supports external memory access
controller 0 32/16/8-bit external data bus

(BSC)
* Physical address space divided into seven areas, each a maximum 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 DRAM,
synchronous DRAM, pseudo-SRAM, and burst ROM

O Supports fast page mode and EDO for DRAM

O Supports PCMCIA interface

O Outputs chip select signal (CS0-CS6) for corresponding area
* DRAM/synchronous DRAM/pseudo-SRAM refresh function

O Programmable refresh interval

O Supports CAS-before-RAS refresh and self-refresh modes
* DRAM/synchronous DRAM/pseudo-SRAM burst access function
» Usable as either big- or little-endian machine

Timer e 3-channel auto-reload type 32-bit timer
* Input capture function
* 6 types of counter input clock can be selected
* Maximum resolution: 2 MHz

Realtime clock  « On-chip clock and calendar functions

(RTC) * On-chip 32-kHz crystal oscillator circuit with a maximum resolution (interrupt

cycle) of 1/256 second

Serial communi- «  Selection of asynchronous or synchronous mode
cation interface

(scl) Full-duplex communication

» Supports smart card interface

Package e 144-pin plastic QFP(FP-144)
* 144-pin plastic TQFP (TFP-144) *

Note: SH7708S only
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Table 1.1 SH7708 Series Features (cont)

Item Features
Product Line-up
Product On-chip Operation Model Package
Number Voltage Frequency
SH7708 3.3V+0.3 60MHz HD6417708F60 144-pin
\% Plastic LQFP
(FP-144F)
SH7708S 3.3V+0.3 60MHz HD6417708SF60
\Y
HD6417708STF60  144-pin
Plastic TQFP
(TFP-144)
SH7708R 3.15-3.6V  100MHz HD6417708RF100 144-pin
(typ.) Plastic L-QFP
(FP-144F)
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1.2

Block Diagram

Figure 1.1 shows a block diagram of the SH7708 Series.
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Figure 1.1
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1.3 Pin Description

1.3.1 Pin Arrangement

¥y 9
B0 | - 588 4 43 o
o EExBS‘-’ Mleill="S g N
o oHNM _|NILSIN IFod o ol o
oxmo<<‘009_|JJ_|§ 2na . @ oy ol g
SELonhREorar S ES 9SS K58 TLSTe
CMOOO0O0O0O00O00O00O00O00O00O OO0 C 1 merr
- o o o
CS5/CE1A =) 1<) 53]
S4 — A25
S3 A24
S2 700 A23
CSi Vce
CSso Vss
Vss A22
Voo A21
WE3/DQMUU/ICIOWR A20
WE2/DQMUL/ICIORD Al9
CASHH/CAS2H ﬁg
CASHL/CAS2L
° Ves Al6
Vee 60 xcc
E1/DQMLU ss
EO/DQMLL Al5
ASLH Al4
CASLL/CAS/OE SH7708(FP-144F) o3
Vss
Vee SH7708S(TFP-144, FP-144F) V532
RAS/CE _ Al
MDS/RASS SH77$8R(FP 144F) ﬁi(l)
CKE op view
WAIT P 50 M vce
Vss Vss
TCLK A9
Vee (RTC)*2 A8
XTAL2 A7
EXTAL2 ﬁg
Vss (RTC)*2
Vcc A4
D31 Vce
D30 Vss
D29 40 A3
D28 A2
Vss ﬁé
o o o
— N ™
0 ] O
NRRY 88 eEoYEenT 8888032885888 838888
oooo§>>§0\0_§§0\0_§§00>>>>oooo >>
(32} N—HOOMNWO
N ANANN
[a) [ajaYalaYalaYa]

Notes: 1. Make no connection.
2. Power supply pins for the on-chip RTC and on-chip PLL. These pins must be
connected to the power supply even if the RTC or PLL are not used.
3. Power supply pins for the on-chip PLL. Except in hardware standby mode,
these pins must be connected to the power supply even if the PLL is not used.
4. SH7708:Vcc
SH7708S,SH7708R:CA

Figure 1.2  Pin Arrangement
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1.3.2

Table 1.2 SH7708 Series Pin Functions

SH7708 Series Pin Functions

No. Terminal /10 Description
1 D27 1/0 Data bus

2 D26 110 Data bus

3 D25 1/0 Data bus

4 D24 1/0 Data bus

5 D23/Port7 I1/0 Data bus/port
6 Vgs Power Power (0 V)

7 Vee Power Power (3.3 V)
8 D22/Port6 I1/0 Data bus/port
9 D21/Port5 /0 Data bus/port
10 D20/Port4 110 Data bus/port
11 D19/Port3 I1/0 Data bus/port
12 D18/Port2 1/0 Data bus/port
13 D17/Portl 110 Data bus/port
14 D16/Port0 I1/0 Data bus/port
15 D15 1/0 Data bus

16 D14 1/0 Data bus

17 Vss Power Power (0 V)
18 Vee Power Power (3.3 V)
19 Vss Power Power (0 V)
20 Vee Power Power (3.3 V)
21 D13 1/0 Data bus

22 D12 1/0 Data bus

23 D11 110 Data bus

24 D10 1/0 Data bus

25 D9 I1/0 Data bus

26 D8 110 Data bus

27 D7 1/0 Data bus

28 D6 I1/0 Data bus

29 D5 110 Data bus

8
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Table 1.2 SH7708 Series Pin Functions (cont)

No. Terminal /0 Description
30 Vgs Power Power (0 V)
31 Vee Power Power (3.3V)
32 D4 I1/0 Data bus

33 D3 I/0 Data bus

34 D2 110 Data bus

35 D1 I1/0 Data bus

36 DO I/0 Data bus

37 AO (0] Address bus
38 Al o Address bus
39 A2 O Address bus
40 A3 (0] Address bus
41 Vgs Power Power (0 V)
42 Vee Power Power (3.3 V)
43 A4 (0] Address bus
44 A5 o Address bus
45 A6 O Address bus
46 A7 (0] Address bus
47 A8 o Address bus
48 A9 O Address bus
49 Vss Power Power (0 V)
50 Vee Power Power (3.3 V)
51 Al0 O Address bus
52 All (0] Address bus
53 Al2 o] Address bus
54 Vgss Power Power (0 V)
55 Vee Power Power (3.3 V)
56 Al3 o] Address bus
57 Al4 O Address bus
58 Al15 (0] Address bus
59 Vgs Power Power (0 V)
60 Vee Power Power (3.3 V)
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Table 1.2 SH7708 Series Pin Functions (cont)

No. Terminal /0 Description
61 Al6 0] Address bus
62 Al7 o Address bus
63 Al8 O Address bus
64 Al9 0] Address bus
65 A20 o Address bus
66 A21 O Address bus
67 A22 0] Address bus
68 Vss Power Power (0 V)
69 Vee Power Power (3.3 V)
70 A23 0] Address bus
71 A24 o Address bus
72 A25 O Address bus
73 Vgg(PLL1)*2 Power Power (0 V) for PLL1
74 CAP1 (0] External capacitance pin for PLL1
75 Vee(PLLL)*2 Power Power (3.3 V) for PLL1
76 Vgg(PLL2)*2 Power Power (0 V) for PLL2
77 CAP2 (0] External capacitance pin for PLL2
78 Vcee(PLL2)*2 Power Power (3.3 V) for PLL2
79 EXTAL | External clock/crystal oscillator pin
80 XTAL (0] Crystal oscillator pin
81(SH7708) Vcc Power Power(3.3V)
81(SH7708S, CA I Chip active
SH7708R)
82 Vgs Power Power (0 V)
83 Vee Power Power (3.3 V)
84 MD2/RXD | Operating mode pin/serial data input
85 MD1/TXD 110 Operating mode pin/serial data output
86 MDO/SCK 110 Operating mode pin/serial clock
87 BREQ I Bus request
88 RESET [ Reset
89 NMI | Nonmaskable interrupt request
90 IRL3 | External interrupt source input
10
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Table 1.2 SH7708 Series Pin Functions (cont)

No. Terminal /0 Description

91 IRL2 I External interrupt source input

92 IRLT I External interrupt source input

93 IRLO I External interrupt source input

94 10IS16 I 1016-bit instruction

95 IRQOUT o Bus request notification output
96 BACK o) Bus acknowledge

97 STATUS1 (0] Processor status

98 STATUSO (0] Processor status

99 NC o Leave unconnected

100 Vss Power Power (0 V)

101 CKIO 110 System clock 1/0

102 Vee Power Power (3.3 V)

103 MD4/CE2B 110 Operating mode pin/PCMCIA CE pin
104 MD3/CE2A 110 Operating mode pin/PCMCIA CE pin
105 BS o) Bus cycle start

106 RD/WR e} Read/write

107 RD 0 Read pulse

108 CS6/CE1B o) Chip select 6/PCMCIA CE pin

109 CS5/CE1A o} Chip select 5/PCMCIA CE pin

110 CS4 o] Chip select 4

111 CS3 o) Chip select 3

112 cs2 0 Chip select 2

113 CS1 o] Chip select 1

114 CSo 0 Chip select 0

115 Vsg Power Power (0 V)

116 Vee Power Power (3.3 V)

117 WE3/DQMUU/ICIOWR O D31-D24 selection signal/lO write
118 WE2/DQMUL/ICIORD 0 D23-D16 selection signal/lO read
119 CASHH/CAS2H o] D31-D24/D15-D8 selection signal
120 CASHL/CAS2L 0 D23-D16/D7-DO selection signal
121 Vsg Power Power (0 V)
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Table 1.2 SH7708 Series Pin Functions (cont)

No. Terminal /0 Description

122 Vee Power Power (3.3 V)

123 WE1/DQMLU @) D15-D8 selection signal

124 WEO/DQMLL 0 D7-DO selection signal

125 CASLH 0 D15-D8 selection signal

126 CASLL/CAS/OE o] D7-DO selection/memory selection signal
127 Vgs Power Power (0 V)

128 Vee Power Power (3.3 V)

129 RAS/CE o RAS for DRAM, SDRAM/CE for PSRAM
130 MD5/RAS2 110 Operating mode pin/RAS for DRAM
131 CKE (0] Clock enable control for SDRAM

132 WAIT | Hardware wait request

133 Vgs Power Power (0 V)

134 TCLK 110 Clock 1/0 for TMU/RTC

135 Ve (RTC)*3 Power Power (3.3 V)

136 XTAL2 0 Crystal oscillator pin for on-chip RTC
137 EXTAL2 I Crystal oscillator pin for on-chip RTC
138 Vgg (RTC)*3 Power Power (0 V)

139 Vee Power Power (3.3 V)

140 D31 1/0 Data bus

141 D30 110 Data bus

142 D29 1/0 Data bus

143 D28 1/0 Data bus

144 Vss Power Power (0 V)

Notes: 1. Exceptin hardware standby mode, connect all V. and V¢ pins to the system power
supply (power should be supplied constantly). In hardware standby mode, power should
be supplied at least to V.. (RTC) and V¢ (RTC). If power is not supplied to V. and Vg
pins other than V.. (RTC) and V¢ (RTC), hold the CA pin low.

2. Power should be supplied regardless of whether or not the on-chip PLL is used.

3. Power should be supplied regardless of whether or not the RTC is used.
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Section2 CPU

2.1 Register Configuration

2.1.1 Privileged Mode and Banks

Processor Modes: There are two processor modes: user mode and privileged mode. The
SH7708 Series normally operates in user mode, and enters privileged mode when an exception
occurs or an interrupt is accepted. There are three kinds of registers—general registers, system
registers, and control registers—and the registers that can be accessed differ in the two processor
modes.

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

When the RB hit is 1, BANK1 general registers RO BANK1-R7_BANK1 and non-banked general
registers R8—R15 function as the genera register set, with BANKO general registers RO BANKO-
R7_BANKUO accessed only by the LDC/STC instructions.

When the RB bit is 0, BANKO general registers RO BANKO-R7_BANKUO 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 O general registers RO BANKO-R7_BANKO0 and non-banked registers R8-R15
can be accessed as generd registers RO—R15, and bank 1 general registers RO BANK 1—
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),
saved program counter (SPC), and vector base register (VBR) which can only be accessed in
privileged mode. Some bits of the status register (such as the RB bit) can only be accessed in
privileged mode.

System Registers. System registers comprise the multiply and accumulate registers
(MACL/MACH), the procedure register (PR), and the program counter (PC). Accessto 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.

13
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31 0
RO_BANKO*1, *2
R1_BANKO0*2
R2_BANKO0*2
R3_BANKO0*2
R4_BANKO0*2
R5_BANKO0*2
R6_BANKO0*2
R7_BANKO0*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

14

Figure 2.1  User Mode Register Configuration
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31

0

31

RO_BANK1*L: *2

RO_BANKOQ*L, *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
RS RS
R9 R9
R10 R10
R11 R11
R12 R12
R13 R13
R14 R14
R15 R15
SR SR
SSR SSR
GBR GBR
MACH MACH
MACL MACL
PR PR
VBR VBR
PC PC
SPC SPC

RO_BANKO*L: *3

RO_BANKZ1*1, *2

R1_BANKO*3 R1_BANK1*2
R2_BANKO*3 R2_BANK1*2
R3_BANKO*3 R3_BANK1*2
R4_BANKO*3 R4 _BANK1*2
R5_BANKO*3 R5_BANK1*2
R6_BANKO*3 R6_BANK1*2
R7_BANKO*3 R7_BANK1*2

a. Privileged mode

register configuration
(RB=1)

b. Privileged mode

register configuration
(RB=0)

Notes: 1.

RO functions as an index
register in the indexed
register-indirect addressing
mode and indexed GBR-
indirect addressing mode.

Banked register

When the RB bit of the SR
register is 1, the register can
be accessed for general use.
When the RB bit is 0, it can
only be accessed with the
LDC/STC instruction.

Banked register

When the RB bit of the SR
register is 0, the register can
be accessed for general use.
When the RB bit is 1, it can
only be accessed with the
LDC/STC instruction.

Figure 2.2

Privileged Mode Register

HITACHI
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Register values after areset 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

Note: Initialized by a power-on reset or manual reset.

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_BANKO0O-R7_BANKO or RO BANK1—-
R7_BANKZ1) being accessed according to the processor mode. For details, see section 2.1.1,
Privileged Mode and Banks.

General Registers

31 0
RO*1, *2 Notes:
R1*2 . . . . .
Ro*2 1. RO .functllon.s as an |nde)$ register in thg indexed
R3%2 register-indirect addressing mode and indexed
R4*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
RS 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, the

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 handling.

There are four system registers, asfollows.

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

Program counter (PC)

The system register configuration is shown in figure 2.4.

System Registers
31 0
MACH Multiply and Accumulate High and Low Registers

MACL (MACHIL)

Store the results of multiply-and-accumulate operations.

Its contents are undefined after a reset.

|31 PR O| Procedure Register (PR)
Stores the return address for exiting a subroutine
procedure.

31 0 Its contents are undefined after a reset.

| 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:

Status register (SR)

Saved status register (SSR)
Saved program counter (SPC)
Global baseregister (GBR)
Vector baseregister (VBR)

HITACHI
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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.
Its contents are undefined after a reset.

31 0 saved Program Counter (SPC)

| SPC Stores current PC value at time of exception to indicate return
address at completion of exception handling.
Its contents are undefined after a reset.

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 28 27 1098 7 3 10 Status
|0 |Mp|relBL]0 o [M|Q|iz3121110[0]0]s]|T] Eg%gter

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.

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

2.2.1 Data Format in Registers

Register operands are always longwords (32 bits, figure 2.6). When amemory operandisonly a
byte (8 bits) or aword (16 bits), it is sign-extended into alongword when loaded into a register.

31 0

| Longword

Figure 2.6  Longword

2.2.2 Data Format in Memory

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

A word operand must be accessed starting from aword boundary (even address of a 2-byte unit:
address 2n), and alongword operand starting from alongword boundary (even address of a4-byte
unit: address 4n). An address error will result if thisrule 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 should be
set with the MD5 external pin in a power-on reset. Big-endian mode is selected when the MD5 pin
islow, 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 O, is the least
significant bit.

The dataformat in memory is shown in figure 2.7. In little-endian mode, data written in byte-size
(8-bit) units should be read in byte-size units, and data written in word-size (16-bit) units should be
read in word-size units.

19
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Address 'IA +1 Address A+3 Address A+ 10 Addlress A+8

Address A Address A + 2| Address A + 11| Address A + 9
31y 23y 154y 74y 0] |31y 23y 154 740
Address A -»(Byte0 [Bytel |Byte2 | Byte3| [Byte3 |Byte2 |Bytel |ByteO |« Address A + 8

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

Figure 2.7  Byte, Word, and Longword Alignment

2.3 Instruction Features

2.3.1 Execution Environment

Data Length: The SH7708 Series 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-bit
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).

L oad/Store Architecture: The SH7708 Series features a load-store architecture in which basic
operations are executed in registers. Operations requiring memory access are executed in registers
following register loading, except for bit-manipulation operations such aslogical 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,
ddlayed and normal.

BRA TRCET
ADD Rl, RO ;ADD is executed prior to branching to TRGET

20
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T bit: The T bit in the status register (SR) is used to indicate the result of compare operations,
and isread as a TRUE/FAL SE condition determining if a conditional branch istaken 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 bitsettolwhenRO=0
BT TRGET ;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 atablein
main memory rather than inserted directly into the instruction code. The memory table is accessed
by the MOV instruction using PC-relative addressing with displacement, as follows:

MV.W @disp, PC), RO

Absolute Addresses: As with word and longword literals, absolute addresses must also be
stored in atable in main memory. The value of the absolute address is transferred to aregister 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 Displacements: In the same way, 16-bit and 32-bit displacements also
must be stored in atable in main memory. Exactly like absolute addresses, the displacement value
istransferred to aregister and the operand access is specified by indexed register-indirect addressing,
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 cal cul ation methods are shown in table 2.2.

Table 2.2 Addressing Modes and Effective Addresses

Addressing Instructio
Mode n Format Effective Address Calculation MethodCalculation Formula

Register direct Rn

Effective address is register Rn. (Operand is —
register Rn contents.)

Register @Rn Effective address is register Rn contents. Rn
indirect

Register @Rn+ Effective address is register Rn contents. A Rn
indirect with constant is added to Rn after instruction

post-increment

After instruction
execution

Byte:Rn+1 - Rn
Word: Rn+2 - Rn
Longword: Rn +4 - Rn

execution: 1 for a byte operand, 2 for a word
operand, 4 for a longword operand.

Register @-Rn
indirect with
pre-decrement

Effective address is register Rn contents, Byte: Rn—1 - Rn
decremented by a constant beforehand: 1 for Word: Rn—2 _ Rn
a byte operand, 2 for a word operand, 4 for a
longword operand. Longword: Rn —4 - Rn
(Instruction executed
with Rn after

calculation)

Rn —1/2/4

22
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Table 2.2 Addressing Modes and Effective Addresses (cont)

Addressing Instructio

Mode n Format Effective Address Calculation MethodCalculation Formula
Register @(disp:4, Effective address is register Rn contents Byte: Rn + disp

indirect with  Rn) with 4-bit displacement disp added. After Word: Rn + disp x 2
displacement disp is zero-extended, it is multiplied by 1 '

(byte), 2 (word), or 4 (longword), according to Longword:

the operand size. Rn + disp x 4
: 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.

TR

GBR indirect @(disp:8, Effective address is register GBR contents Byte: GBR + disp
w_ith GBR) with t_3-bit displacement_ d_isp ad(_JIe_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:

the operand size. GBR +disp x 4

GBR
+ disp x 1/2/4

disp
(zero-extended)

Indexed GBR @(RO, GBR)Effective address is sum of register GBR and GBR + R0
indirect RO contents.

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

Addressing Instructio

Mode n Format Effective Address Calculation MethodCalculation Formula
PC-relative @(disp:8, Effective address is register PC contents Word: PC + disp x 2
with PC) with 8-bit displacement disp added. After Longword:
displacement disp is zero-extended, it is multiplied by 2 PC & H'FFi:F FFEC +

(word), or 4 (longword), according to the disp x 4

operand size. With a longword operand, the

lower 2 bits of PC are masked.

(for longword)
or
i PC&H'FFFFFFFC
disp +disp x 4

(zero-extended)

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

with 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 PC + disp x 2
with 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 Instructio

Mode

n Format Effective Address Calculation MethodCalculation Formula

PC-relative Rn Effective address is sum of register PCand PC+Rn

Rn contents.

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
iii: Immediate data
dddat Displacement

Table 2.3 Instruction Formats

Source Destination Instruction
Instruction Format Operand Operand Example
0 format 15 0o — — NOP
XXXX  XXXX  XXXX  XXXX
n format 15 0o — 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 0  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 mmmm: register nnnn: register ADD  Rm,Rn

XXXX | nnnn |mmmm| xxxx | direct direct

mmmm: register nnnn: register  MOV.L

direct 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,@(R0O,Rn)
md format 15 0 mmmmdddd: RO (register MOV.B

XXXX  XXXX |mmmm| dddd | register indirect direct) @(disp,Rm),R0O
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 format15 0 mmmm: register nnnndddd: MOV.L
XXXX | nnnn |mmmm| dddd | direct register Rm,@(disp,Rn)
indirect with

displacement

mmmmdddd:
register indirect
with displacement

nnnn: register
direct

MOV.L
@(disp,Rm),Rn

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 direct) @(disp,PC),RO
displacement
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

| %0 | nnnn | dddd  ddad

PC-relative with
displacement

direct

@(disp,PC),Rn

i format 15 O iiiiiiii: immediate Indexed GBR AND.B
XXXX  XXXX | i diii indirect #imm,
@(RO,GBR)
iiiiiiii: immediate RO (register AND
direct) #imm,R0O
iiiiiiii: immediate — TRAPA #imm
ni format 15 0 iiiiiiii: immediate nnnn: register ADD
xoo | nnnn | i i direct #imm,Rn

Note:
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2.4 Instruction Set

2.4.1 Instruction Set Classified by Function

The SH7708 Series instruction set includes 68 basic instruction types, as listed in table 2.4.

Table 2.4 Classification of Instructions

Operatio No. of
Classificati Types n Code Function Instructio
on ns
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
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Table 2.4 Classification of Instructions (cont)

Operatio No. of
Classificati Types n Code Function Instructio
on ns
Arithmetic 21 MUL Double-precision multiplication 33
operations MULS Signed multiplication
(cont) MULU Unsigned multiplication

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
30
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Table 2.4 Classification of Instructions (cont)

Operatio No. of
Classificati Type n Code Function Instructio
on s ns
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 CLRT T bit clear 75
control CLRMAC  MAC register clear

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

Table 2.5 lists the SH7708 Series instruction code formats.

HITACHI
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Table 2.5 Instruction Code Format

Iltem Format Explanation
Instruction OP.Sz SRC,DEST  OP: Operation code
mnemonic Sz: Size

SRC: Source

DEST: Destination

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

Instruction MSB - LSB mmmm: Source register
code nnnn: Destination register
0000: RO
0001: R1
1111: R15

iiii: Immediate data
dddd: Displacement

Operation -, Direction of transfer
(xx) Memory operand
M/QIT Flag bits in SR
Logical AND of each bit
Logical OR of each bit
Exclusive OR of each bit
Logical NOT of each bit
<<n, >>n n-bit shift

U O R

Privileged Indicates whether privileged mode applies
mode

Execution Value when no wait states are inserted

cycles The execution cycles listed in the table are minimums. The

actual number of cycles may be increased in cases such

as the following:

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 SH7708 Series data transfer instructions

Table 2.6 Data Transfer Instructions
Privileged
Instruction Operation Code Mode Cycles T Bit
MoV #1 mm Rn imm - Sign extension 1110nnnniiiiiiii  — 1 —
- Rn
@ di sp, PC), Rn (dispx2+PC) - Sign 1001nnnndddddddd
extension —» Rn
@disp,PC), Rn  (dispx4+PC) - Rn 1101nnnndddddddd 1
Rm Rn Rm - Rn 0110nnnnmmmD011 1
.B  Rm @n Rm - (Rn) 0010nnNnmMmMmMDO000 1
. W Rm @n Rm - (Rn) 0010nnnnmmmD001 1
.L Rm @n Rm - (Rn) 0010nnnnmmmD010 1
.B  @m Rn (Rm) — Sign extension 0110nnnnmmmDO000 1
- Rn
@m Rn (Rm) - Sign extension 0110nnnnmmmD001
- Rn
.L @mRn (Rm) - Rn 0110nnnnmmmmD010 1
.B Rm @-Rn Rn-1 - Rn, Rm - (Rn) 0010nnnnmmmD100 1
. W Rm @-Rn Rn-2 - Rn, Rm - (Rn) 0010nnnnmmmmD101 1
.L Rm @Rn Rn-4 - Rn, Rm - (Rn) 0010nnnnmMmMmD110 1
.B  @mt, Rn (Rm) - Sign extension 0110nnnnmmmD100 1
- Rn,Rm+1 - Rm
@m+, Rn (Rm) - Sign extension 0110nnnnmmmD101 1
- Rn,Rm+2 - Rm
.L  @mt, Rn (Rm) - Rn,Rm+4 -~ Rm 0110nnnnmmmD110 1
.B RO, @disp, Rn) RO - (disp + Rn) 10000000nnnndddd 1
.W RO, @disp, Rn) RO - (dispx2+Rn) 10000001nnnndddd 1
.L Rm @disp, Rn) Rm - (disp x4+ Rn) 0001nnnnmmmudddd 1
.B @disp, Rm, R0 (disp+ Rm) - Sign 10000100mmmmdddd 1
extension —» RO
@di sp, Rm, R0 (dispx2+Rm) - Sign 10000101mmmdddd
extension - RO
@disp, Rm,Rn (dispx4+Rm) - Rn 0101nnnnmmmdddd
Rm @ RO, Rn) Rm - (RO + Rn) 0000NNNNMMMD100
Rm @ RO, Rn) Rm - (RO + Rn) 0000NnnNnmMMMD101
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Table 2.6 Data Transfer Instructions (cont)

Privileged

Instruction Operation Code Mode Cycles T Bit

MOV.L Rm @ RO, Rn) Rm - (RO + Rn) 0000nnnnMMMD110 — 1 —

MOV. B @ RO, Rm), Rn (RO + Rm) - Sign extension0000nnnnmMmMM1100 — 1 —
- Rn

MOV. W @ RO, Rm), Rn (RO + Rm) - Sign extension0000nnnnmmMM1101 — 1 —
- Rn

MOV.L @ RO, Rm, Rn (RO+Rm) - Rn 0000nnnnmMMML110 — 1 —

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

MOV. W RO, @di sp, GBR) RO - (disp x2 + GBR) 11000001dddddddd — 1 —

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

MOV. B @di sp, GBR), RO (disp + GBR) - Sign 11000100dddddddd — 1 —
extension —» RO

MOV. W @di sp, GBR), RO (disp x2 + GBR) - 11000101dddddddd — 1 —
Sign extension - RO

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

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

MOVT Rn T - Rn 0000nnnn00101001 — 1 —_

SWAP. B Rm Rn Rm - Swap the bottom 0110nnnnmmmi1000 — 1 —
two bytes — Rn

SWAP. W Rm Rn Rm - Swap two consecutive0110nnnnnmmm1 001 — 1 —_
words - Rn

XTRCT Rm Rn Rm: Middle 32 bits of 0010nnnnnmmMm1101 — 1 —

Rn - Rn
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Table 2.7 lists the SH7708 Series arithmetic instructions.

Table 2.7 Arithmetic Instructions
Privileged
Instruction Operation Code Mode Cycles T Bit
ADD Rm Rn Rn+Rm - Rn 0011innnnmm1100 — 1 —
ADD #i mm Rn Rn +imm - Rn Ollilnnnniiiiiiii — 1 —
ADDC Rm Rn Rn+Rm+T - Rn, 001lnnnnmmml110 — 1 Carry
Carry - T
ADDV Rm Rn Rn +Rm - Rn, 001lnnnnmmmmilll — 1 Overflow
Overflow - T
CMP/ EQ #i mm RO IfRO=imm,1 T 10001000iiiiiiii — 1 Comparison
result
CMP/ EQ Rm Rn IfRN=Rm,1 - T 0011nnnnmmmmD000 — 1 Comparison
result
CMP/ HS Rm Rn If Rn = Rm with 001lnnnnmMmmmD010 — 1 Comparison
unsigned data, 1 - T result
CMP/ GE Rm Rn If Rn 2 Rm with signed data,0011nnnnmmm0011 — 1 Comparison
1.7 result
CMP/H Rm Rn If Rn > Rm with 001lnnnnmMmmmD110 — 1 Comparison
unsigned data, 1 - T result
CMP/ GT Rm Rn If Rn > Rm with signed 001lnnnnmmmmD111 — 1 Comparison
data,1 - T result
CMP/ PZ Rn fRn=0,1-T 0100nnnn00010001 — 1 Comparison
result
CWP/ PL Rn fRN>0,1-T 0100nnnn00010101 — 1 Comparison
result
CVMP/ STR Rm Rn If Rn and Rm have an oo10nnnnmmMMl100 — 1 Comparison
equivalentbyte, 1 - T result
DI V1 Rm Rn Single-step division 0011nnnnmmmD100 — 1 Calculation
(Rn/Rm) result
DI VOS Rm Rn MSB of Rn - Q, MSB ooi10nnnnmmMmON111 — 1 Calculation
of Rm - M,M*"Q - T result
DI VOU 0 - M/IQIT 0000000000011001 — 1 0
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Table 2.7 Arithmetic Instructions (cont)

Instruction

Operation

Code

Privileged
Mode

Cycles

T Bit

DMULS. LRm Rn

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

001llnnnnmmmmll101

2(-5)*

DMULU. LRm Rn

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

001lnnnnmmmD101

2(=5)*

DT Rn

Rn-1 - Rn,ifRn=
0,1-T,else0 T

0100nnnn00010000

Comparison
result

EXTS. B Rm Rn

A byte in Rm is sign-
extended - Rn

0110nnnnmmmml110

EXTS. WRm Rn

A word in Rm is sign-
extended - Rn

0110nnnnmmmmi111

EXTU. B Rm Rn

A byte in Rm is zero-
extended - Rn

0110nnnnmmmml100

EXTU. W Rm Rn

A word in Rm is zero-
extended - Rn

0110nnnnmmmmi101

MAC. L @Rm+, @Rn+

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

Rm+4 -~ Rm

32 x 32+ 64 - 64 hits

0000nnnnPMMML111

2(=5)*

MAC. W  @Rm+, @Rn+

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

Rm+2 - Rm

16 x 16 + 64 - 64 bits

0100nnnnmmmMl111

2(=5)*

MUL.L RmRn

Rn xRm - MACL
32 x32 - 32 hits

0000nnnnPMMD111

2(=5)*

MULS. W Rm Rn

Signed operation of Rn
x Rm - MAC
16 x 16 - 32 bits

0010nnnnmmmm1111

1(-3)

MULU. W Rm Rn

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

0010nnnnmmmml110

1(-3)*

36

HITACHI



Table 2.7 Arithmetic Instructions (cont)

Privileged

Instruction Operation Code Mode Cycles T Bit

NEG Rm Rn 0-Rm - Rn 0110nnnnmmMmil011 — 1 —

NEGC Rm Rn 0-Rm-T - Rn, o1i10nnnnmmml010 — 1 Borrow
Borrow - T

SUB Rm Rn Rn—-Rm - Rn 0011nnnnmMmMmml 000 — 1 —

SUBC Rm Rn Rn-Rm-T - Rn, 0011nnnnmmMmil010 — 1 Borrow
Borrow - T

SUBV Rm Rn Rn—-Rm - Rn, 00linnnnmmmlOll — 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 SH7708 Series logic operation instructions.

Table 2.8 Logic Operation Instructions

Privileged
Instruction Operation Code Mode Cycles T Bit
AND Rm Rn Rn & Rm - Rn 0010nnnnnmmMm1 001 — 1 —
AND  #i nm RO RO & imm - RO 1100100%iiiiiiii — 1 —
AND. B #i nm @ RO, GBR) (RO + GBR) & imm - 11002110%iiiiiiii — 3 —
(RO + GBR)
NOT Rm Rn ~Rm - Rn 0110nnnnmmMmmD111 — 1 —
OR Rm Rn Rn|Rm - Rn 0010nnnnmmmi1011 — 1 —
OR #i mm RO RO | imm - RO 1100102%iiiiiiii — 1 —
OR. B #i mm @ RO, GBR) (RO + GBR)|imm - 1100112%iiiiiiii — 3 —
(RO + GBR)
TAS. B @Rn If(Rn)is0,1 - T; 0100nnnn00011011 — 3 Test
1 - MSB of (Rn) result
TST Rm Rn Rn & Rm; if the result 0010nnnnmmm1 000 — 1 Test
is0,1-T result
TST #i nm RO RO & imm; if the result 11001000iiiiiiii — 1 Test
is0,1 T result
TST. B #i mm @ RO, GBR) (RO + GBR) & imm; 11001100iiiiiiii — 3 Test
iftheresultis0,1 - T result
XOR Rm Rn Rn"Rm - Rn 0010nnnnnMmMML010 — 1 —
XOR  #imm RO RO A imm - RO 11001020iiiiiiii — 1 —
XOR. B #i mm @ RO, GBR) (RO + GBR) ~imm - 11001120iiiiiiii — 3 —
(RO + GBR)
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Table 2.9 lists the SH7708 Series 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 — 1 LSB
ROTCL Rn T<RnT 0100nnnn00100100 — 1 MSB
ROTCR Rn T-Rn-T 0100nnnn00100101 — 1 LSB
SHAD Rm Rn Rn=0: Rn<<Rm - Rn 0100nnnnmMmMML100 — 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 Rn =0: Rn << Rm - Rn 0100nnnnmmMmMML101 — 1 —

Rn<0:Rn>>Rm -

[0 - Rn]
SHLL Rn T<Rn<0 0100nnnn00000000 — 1 MSB
SHLR Rn O-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 SH7708 Series branch instructions.

Table 2.10Branch Instructions
Privileged

Instruction Operation Code Mode Cycles T Bit

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

BF/' S | abel Delayed branch, if T =0, 10001111dddddddd — 2/1* —
dispx2+PC - PC;
if T=1, nop

BT | abel Delayed branch, if T=1, 10001001dddddddd — 3/1* —
dispx2 +PC - PC;
if T=0, nop

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

BRA | abel Delayed branch, 1010dddddddddddd — 2 —
dispx2+PC - PC

BRAF Rm Delayed branch, 0000MmMMD0100011 — 2 —
Rm + PC - PC

BSR | abel Delayed branch, PC - PR, 1011dddddddddddd — 2 —
dispx2+PC - PC

BSRF Rm Delayed branch, PC - PR, 0000MmMMD0000011 — 2 —
Rm + PC - PC

JMP @Rm Delayed branch, Rm - PC 0100mMmmMmMD0101011 — 2 —

JSR @m Delayed branch, PC - PR, 0100nmMMmMDO0001011 — 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 SH7708 Series system control instructions.

Table 2.11System Control Instructions
Privileged

Instruction Operation Code Mode Cycles T Bit
CLRMAC 0 — MACH, MACL 0000000000101000 — 1 —
CLRS 0-5S 0000000001001000 — 1 —
CLRT 0-T 0000000000001000 — 1 0
LDC Rm SR Rm - SR 0100nMmMmMD0001110 5 LSB
LDC Rm GBR Rm - GBR 0100nMmMmMD0011110 — 1 —
LDC Rm VBR Rm - VBR 0100mMmMD0101110 V 1 —
LDC Rm SSR Rm - SSR 0100nMmMmMD0111110 V 1 —
LDC Rm SPC Rm - SPC 0100mMmMmMD1001110 1 —
LDC Rm RO_BANK Rm - RO_BANK 0100mMmmMM10001110 V 1 —
LDC Rm R1_BANK Rm - R1_BANK 0100nMmMM10011110 V 1 —
LDC Rm R2_BANK Rm - R2_BANK 0100nMmMMM10101110 V 1 —
LDC Rm R3_BANK Rm - R3_BANK 0100mmM10111110 V 1 —
LDC Rm R4_BANK Rm - R4 _BANK 0100nMmMM11001110 V 1 —
LDC Rm R5_BANK Rm - R5_BANK 0100nmMmMM11011110 V 1 —
LDC Rm R6_BANK Rm - R6_BANK 0100mmmM11101110 V 1 —
LDC Rm R7_BANK Rm - R7_BANK 0100mMmmMM11111110 V 1 —
LDC. L @m+, SR (Rm) -~ SR,Rm+4 — Rm 0100nmMMmMD0000111 7 LSB
LDC. L @m+, GBR (Rm) -~ GBR,Rm+4 - Rm  0100mmmD0010111 — 1 —
LDC. L @m+, VBR (Rm) -~ VBR,Rm +4 - Rm 0100nMmMmMD0100111 1 —
LDC. L @m+, SSR (Rm) » SSR,Rm +4 - Rm 0100nMmMmMD0110111 vV 1 —
LDC. L @m+, SPC (Rm) ~ SPC,Rm+4 - Rm 0100mMmMD1000111 v 1 —
LDC. L @Rmt+, (Rm) - RO_BANK, 0100nMmMM10000111 1 —

RO_BANK Rm+4 - Rm
LDC. L @m, (Rm) - R1_BANK, 0100mMmmMM10010111 1 —

R1_BANK Rm+4 - Rm
LDC. L @Rmt+, (Rm) - R2_BANK, 0100nMmMM10100111 1 —

R2_BANK Rm+4 - Rm
LDC. L @m, (Rm) - R3_BANK, 0100mMmmMM10110111 1 —

R3_BANK Rm+4 - Rm
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Table 2.11System Control Instructions (cont)

Privileged
Instruction Operation Code Mode Cycles T Bit
LDC. L @m+, (Rm) - R4_BANK, 0100nMmMM11000111 1 —
R4_BANK Rm+4 - Rm
LDC. L @m, (Rm) — R5_BANK, 0100mmm11010111 V 1 —
R5_BANK Rm+4 - Rm
LDC. L @m+, (Rm) — R6_BANK, 0100mMmmMM11100111 1 —
R6_BANK Rm+4 - Rm
LDC. L @m, (Rm) — R7_BANK, 0100mmm11110111 V 1 —
R7_BANK Rm+4 - Rm
LDS Rm MACH Rm - MACH 0100nMMmMD0001010 — 1 —
LDS Rm MACL Rm - MACL 0100mMmmMMD0011010 — 1 —
LDS RmPR Rm - PR 0100mmD0101010 — 1 —
LDS. L @m+, MACH (Rm) -~ MACH,Rm+4 - Rm 0100mmD0000110 — 1 —
LDS. L @m+, MACL (Rm) -~ MACL,Rm+4 -~ Rm 0100mmm0D0010110 — 1 —_
LDS. L @m+, PR (Rm) - PR,Rm+4 - Rm 0100mmD0100110 — 1 —
LDTLB PTEH/PTEL - TLB 0000000000111000 V 1 —
NOP No operation 0000000000001001 — 1 —
PREF @m (Rm) - cache 0000nMMMML0000011 — 1 —
RTE Delayed branch, 0000000000101011 V 4 —
SSR/SPC - SR/PC
SETS 1.8 0000000001011000 — 1 —
SETT 1-T 0000000000011000 — 1 1
SLEEP Sleep 0000000000011011 V 4* —
STC SR Rn SR - Rn 0000nnNN00000010 v 1 —
STC GBR Rn GBR - Rn 0000nnnNn00010010 — 1 —
STC VBR, Rn VBR - Rn 0000nNNN00100010 V 1 —
STC  SSR, Rn SSR - Rn 0000nnNn00110010 v 1 —
STC SPC, Rn SPC - Rn 0000nnNN01000010 1 —
STC RO_BANK, Rn RO_BANK- Rn 0000nNNN10000010 V 1 —
STC R1_BANK, Rn  R1_BANK- Rn 0000nNNN10010010 V 1 —
STC R2_BANK, Rn R2_BANK- Rn 0000nnNNN10100010 V 1 —
STC R3_BANK, Rn R3_BANK- Rn 0000nNNN10110010 V 1 —

Note: The number of cycles until the sleep state is entered.
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Table 2.11System Control

Instructions (cont)

Privileged
Instruction Operation Code Mode Cycles T Bit
STC R4_BANK, Rn R4_BANK- Rn 0000nnnNN11000010 1 —
STC R5_BANK, Rn R5_BANK- Rn 0000nnnNn11010010 1 —
STC R6_BANK, Rn R6_BANK- Rn 0000nnNNN11100010 V 1 —
STC R7_BANK, Rn  R7_BANK- Rn 0000nnNN11110010 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) 0100nnnn00100011 v 1 —
STC. L SSR, @-Rn Rn-4 - Rn, SSR - (Rn) 0100nnnNn00110011 V 1 —
STC. L SPC, @-Rn Rn—4 - Rn, SPC - (Rn) 0100nnnNN01000011 V 1 —
STC. L RO_BANK, Rn—4 — Rn,RO_BANK - (Rn) 0100nnnn10000011 2 —
©@-Rn
STC. L R1_BANK, Rn—4 - Rn,R1_BANK - (Rn) 0100nnnn10010011 2 —
@-Rn
STC. L R2_BANK, Rn—4 - Rn,R2_BANK - (Rn) 0100nnnn10100011 2 —
©@-Rn
STC. L R3_BANK, Rn—4 - Rn,R3_BANK - (Rn) 0100nnnn10110011 2 —
@-Rn
STC. L R4_BANK, Rn—4 - Rn,R4_BANK - (Rn) 0100nnnn11000011 2 —
©@-Rn
STC. L R5_BANK, Rn—4 - Rn,R5_BANK - (Rn) 0100nnnn11010011 2 —
@-Rn
STC. L R6_BANK, Rn—4 — Rn,R6_BANK - (Rn) 0100nnnn11100011 2 —
©@-Rn
STC. L R7_BANK, Rn—4 - Rn,R7_BANK - (Rn) 0100nnnn11110011 2 —
@-Rn
STS  MACH, Rn MACH - Rn 0000nnnNn00001010 — 1 —
STS MACL, Rn MACL - Rn 0000nnnn00011010 — 1 —_
STS PR Rn PR - Rn 0000nnnNn00101010 — 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, 1100002%iiiiiiii — 6 —
imm - TRA
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Notes: 1. The table shows the minimum number of execution cycles. The actual number of
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

2. 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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2.4.2 Instruction Code Map
Table 2.12 shows the instruction code map.

Table 2.12Instruction 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 0OMD 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 0OMD 0011 BSRF Rm BRAF Rm

0000 Rm 10MD 0011 PREF @Rm

0000 Rn Rm 01MD MOV.B  Rm,@(RO,Rn) MOV.W Rm,@(RO,Rn) MOV.L Rm,@(RO,Rn) MUL.L  Rm,Rn

0000 0000 0OMD 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 11MD 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 00MD MOV.B  Rm,@Rn MOV.W Rm,@Rn MOV.L  Rm,@Rn

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

0010 Rn Rm 10MD TST Rm,Rn 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 00MD CMP/EQ Rm,Rn CMP/HS Rm,Rn CMP/GE Rm,Rn
0011 Rn Rm 01MD DIV1 Rm,Rn DMULU.L Rm,Rn CMP/HI  Rm,Rn CMP/GT Rm,Rn
0011 Rn  Rm 10MD SUB Rm,Rn SUBC Rm,Rn SUBV Rm,Rn
0011 Rn  Rm 11MD ADD Rm,Rn DMULS.L Rm,Rn ADDC Rm,Rn ADDV Rm,Rn
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Table 2.12Instruction 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 0OMD 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 OOMD 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 LDCL @Rm+,RO_BANK LDC.L @Rm+,R1_BANK LDCL @Rm+,R2_BANK LDCL @Rm+,R3_BANK
0100 Rm 11MD 0111 LDCL @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 OOMD 1110 LDC Rm,SR LDC Rm,GBR LDC Rm,VBR LDC RmM,SSR
0100 Rm 01MD 1110 LDC Rm,SPC
0100 Rm 10MD 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 2.12Instruction 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
100000MD Rn disp MOV.B MOV.W
RO,@(disp:4,Rn) RO,@(disp:4,Rn)
100001MD Rm disp MOV.B MOV.W
@(disp:4,Rm),R0O @(disp:4,Rm),R0
100010MD imm/disp CMP/EQ #imm:8,R0 BT label:8 BF label:8
100011MD 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
110000MD imm/disp MOV.B MOV.W MOV.L TRAPA #imm:8
RO,@(disp:8,GBR) RO,@(disp:8,GBR) RO,@(disp:8,GBR)
110001MD disp MOV.B MOV.W MOV.L MOVA
@(disp:8,GBR),R0 @(disp:8,GBR),R0 @(disp:8,GBR),R0 @(disp:8,PC),R0
110010MD imm TST #imm:8,R0 AND #imm:8,R0 XOR #imm:8,R0 OR #imm:8,R0
110011MD imm TST.B AND.B XOR.B OR.B
#imm:8,@(R0,GBR) #imm:8,@(R0,GBR) #imm:8,@(R0,GBR) #imm:8,@(R0,GBR)
1101 Rn disp MOV.L @(disp:8,PC),Rn
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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2.5 Processor States and Processor Modes

2.5.1 Processor States

The SH7708 Series has five processor states: the reset state, exception-handling state, bus-released
state, program execution state, and power-down state.

Reset State: In this state the CPU is reset. The reset state is entered when the RESET pin goes
low. The CPU enters the power-on reset state if the BREQ pin is high, or the manual reset state if
the BREQ 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 on-
chip supporting modules other than the bus state controller (BSC) are initialized. Sincethe BSC is
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: Thisis atransient state during which the CPU’s processor state
flow is altered by areset, genera exception, or interrupt exception handling.

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

In the case of ageneral exception or interrupt, the program counter (PC) contents are saved in the
saved program counter (SPC) and the status register (SR) contents are saved in the saved status
register (SSR). The CPU branchesto the start address of the user-coded exception service routine
found from the sum of the contents of the vector base address and the vector offset. See section 4,
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. The power-down state is entered by means of the SLEEP instruction or the CA pin*.
There are three modes in the power-down state: deep mode, standby mode and hardware standby
mode. See section 8, Power-Down Modes, for more information.

Note:SH7708S,SH7708R only

Bus-Released State: In 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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From any state except From any state except
hardware standby mode when hardware standby mode when
RESET =0 and BREQ = 1 RESET = 0 and BREQ = 0

A A

|

i

Manual reset !
state !

|

|

Reset state ]

Power-on reset

Interrupt End of exception

transition
processing

Exception
interrupt

Interrupt

clearance with STBY

bit set

Sleep mode Standby mode
—— ——— Hardware standby mode* !
CA=1,RESET=0,BREQ=1 Power-down state |
J

Note: Driving the CA pin low in any state will cause a transition to hardware standby mode (SH7708S,SH7708R only).

Figure 2.8 Processor State Transitions

2.5.2 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 hit 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 SH7708 Series has an on-chip memory management unit (MMU) that implements address
trandation. The SH7708 Series features aresident trandation lookaside buffer (TLB) that caches
information for user-created address trang ation tables located in external memory. It enables high-
speed tranglation of virtual addresses into physical addresses. Address trandlation uses the paging
system and supports two page sizes (1 kbyte and 4 kbytes). The access right to virtual address
space can be set for privileged and user modes to provide memory protection.

3.1.2 Role of MMU

The MMU is afeature designed to make efficient use of physical memory. Asshownin figure 3.1,
if aprocessissmaller in size than the physical memory, the entire process can be mapped onto
physical memory. However, if the process increases in size to the extent that it no longer fits into
physical memory, it becomes necessary to partition the process and to map those parts requiring
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 avirtual memory system, substantially more virtual memory than physical
memory is provided, and the process is mapped onto this virtual memory. Thus a process 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 onto physical
memory in a smooth fashion. Switching of physical memory is carried out via secondary storage,
etc.

The virtual memory system that came into being in this way is particularly effective in atime-
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 this
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 isto perform efficient mapping
of these virtual memory areas onto physical memory. It also has a memory protection feature that
prevents one process from inadvertently accessing another process' s physical memory.

When address trandlation from virtual memory to physical memory is performed using the MMU,
it may happen 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
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this case, the MMU will generate an exception, change the physical memory mapping, and record
the new address trand ation information.

Although the functions of the MMU could also be implemented by software alone, the need for
tranglation to be performed by software each time a process accesses physical memory would result
in poor efficiency. For this reason, a buffer for address trandlation (trand ation lookaside buffer:
TLB) is provided in hardware to hold frequently used address trandation information. The TLB can
be described as a cache for storing address translation information. Unlike cache memory, however,
if addresstrandation fails—that is, if an exception is generated—switching of address trandation
information is normally performed by software. This makesit 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 trandl ation, 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, SH7708 Series address space in virtual memory isreferred to as virtual
address space, and address space in physical memory as physical memory space.

4 Virtual h
memory
Process 1 Process1 | | MMU hvsical
: Physical . Physical
Physical memory memory
memory N .
Process 1 E E
N L @)
( \ " Virtual R
Process 1 Process 1 memory
. ) . MMU
s Physical Physical
memory memory
Process 2 “: - Process 2
K Process 3
Process 3/
®
N —— N @)

Figure 3.1 MMU Functions
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3.1.3 SH7708 Series MMU

Virtual Address Map: The SH7708 Series 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.

In privileged mode, there are five areas, PO—P4. The PO and P3 areas are mapped onto physical
address space in page units, in accordance with address trand ation table information. Addresses
H'7F000000-H"7FFFFFFF in the PO area can be used as on-chip RAM space by making a setting
in the cache control register (CCR) (see section 5, Cache). In this case, mapping by means of the
address trand ation table is not performed for the on-chip RAM space. Write-back or write-through
can be selected for write access by means of a CCR setting.

Mapping of the P1 areais fixed to physical address space (H'00000000 to H'1FFFFFFF). In the
P1 area, setting avirtual address M SBs (bit 31) to O generates the corresponding physical address.
P1 area access can be cached, and the cache control register (CCR) is set to indicate whether to
cache or not. Write access is processed as write-through (SH7708). A CCR setting can be made to
select write-back or write-through.

Mapping of the P2 areais fixed to physical address space (H'00000000 to H'1FFFFFFF). In the
P2 area, setting the top three virtual address bits (bits 31, 30, and 29) to O 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 MM U-related registers, exception processing
handling, and the like are located in the P1 and P2 areas. Because the P1 areais cached, handlers
that require high-speed processing are placed there.

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

In user mode, the 2 Ghytes of virtual address space from H'00000000 to H'7FFFFFFF (area U0)
can be accessed. U0 is mapped onto physical address space in page units. As with the PO area,
addresses H'7000000-H"7FFFFFFF can be used as on-chip RAM space by making a setting in the
cache control register (CCR). In this case, mapping by means of the address trandlation table is not
performed for the on-chip RAM space. The 2 Gbytes of virtual address space from H'80000000 to
H'FFFFFFFF cannot be accessed in user mode. Attempting to do so creates an address error.
Write-back or write-through mode can be sel ected for write accesses by means of a CCR setting.
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H'00000000

H'7F000000

H'80000000

H'A0000000

H'C0000000

H'EO000000

H'FFFFFFFF

2 Gbyte virtual space,
cacheable
(write-back/write-through)

On-chip RAM space

0.5 Ghyte fixed physical
space, cacheable
(write-through: SH7708)
(write-back/write-through:
SH7708S, SH7708R)

0.5 Gbyte fixed
physical space,
non-cacheable

0.5 Gbyte virtual space,
cacheable
(write-back/write-through)

0.5 Ghyte control space,
non-cacheable

Privileged mode

H'00000000

Area PO

H'7F000000

H'80000000

Area P1

Area P2

Area P3

Area P4
H'FFFFFFFF

2 Gbyte virtual space,
cacheable

(write-back/write-through)

On-chip RAM space

Address error

User mode

Area UO
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Physical Address Space: The SH7708 Series 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, for
details.

Single Address Trandlation: When the MMU is enabled, the virtual address space is divided
into units called pages. Physical addresses are trandated in page units. Address translation tablesin
external memory hold information such as the physical address that corresponds to the virtual
address and memory protection codes. With the TLB, the contents of addresstranslation tablesin
external memory are cached to speed up address trandlation. When an access to areas P1 or P2
occurs, thereisno TLB access and the physical address is defined uniquely by the hardware. If it
belongsto areas PO, P3 or UQ, the TLB is searched by virtual address and, if that virtual addressis
registered in the TLB, the access hitsthe TLB. The corresponding physical address and the page
control information are read 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 tranglation tablein
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 caused
the TLB missis re-executed. When the MMU is enabled, address translation information that
resultsin aphysical address space of H'80000000—H'FFFFFFFF should not be registered in the
TLB.

When the MMU is disabled, the virtual addressis used directly asthe physical address. Asthe
SH7708 Series 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 Controller
(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 physical
address. When access to these addresses is performed with the cache enabled, an address with the top
3 bits of the physical address masked to O is stored in the cache address array to ensure data
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 addressis specified uniquely. In multiple
virtual memory mode, multiple processes run in parallel sharing the virtual address space, so a
given virtual address may be trandated into different physical addresses depending on the process.
Either single or multiple virtual mode is selected according to the value set in the MMU control
register. The items used in address comparison are the VPN and ASID. The VPN of the virtual
address used to access external memory is compared with the VPN of the TLB entry selected by the
index number.
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Address Space ldentifier (ASID): When multiple processes run in parallel sharing the same
virtual address space and the processes have unique address trandation tables, the virtual space can
be multiplexed. The ASID is 8 bitsin length and is held in PTEH within the MMU indicating the
current process. With ASID, the TLB need not be purged when the process is switched.

When multiple processes run in parallel using the virtual address space exclusively, the physical
address corresponding to agiven virtual addressis specified uniquely. For thiskind of single virtual
memory, the ASID becomes a key to protect memory (see section 3.4.2).

3.1.4 Register Configuration

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

Table 3.1 Register Configuration

Name Abbreviatio R/ Size Initial Address
n w Value*!

Page table entry register PTEH RW Longword Undefined HFFFFFFFO

high

Page table entry register low PTEL RW Longword Undefined HFFFFFFF4

Translation table base TTB R/W Longword Undefined HFFFFFFF8

register

TLB exception address TEA R/W Longword Undefined HFFFFFFFC

register

MMU control register MMUCR RW Longword *2 H'FFFFFFEOQ

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

1. The page table entry register high (PTEH) register residing at address H'FFFFFFFO, which
consists of avirtual page number (VPN) and ASID. The VPN set isthe VPN of the virtua
address at which the exception is generated in the 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 a so be modified
by software. Asthe ASID, software sets the number of the currently executing process. The
VPN and ASID are recorded in the TLB by the LDTLB instruction.

2. The pagetable entry register low (PTEL) register residing at address H'FFFFFFF4, and used to
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.

3. Thetrandation 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 valuein TTB
automatically. TTB is available to software for general purposes.

4. The TLB exception address register (TEA) register 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.

5. The MMU control register (MMUCR) residing at address H'FFFFFFFO, 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.

0:

31 10 7 0
VPN 0 ASID
PTEH
31 109876 4 3210
PPN 0|v|0|PR[SZ|C|D|SH|0
PTEL
31 0
TTB
TTB
31 0

Virtual address causing TLB-related
or address error exception

TEA
31 8 765432 1 0

0 SV |00 |RC|O|TF|IX|AT

MMUCR

Reserved bits (except MMUCR): Always read as 0. Writing is ignored.
(MMUCR) :Except bit 3 is read as 0. Bit 3 is don't care. Writing is
should be 0.

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

RC:

TF:

AT:

to O for multiple virtual memory mode.

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.

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

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.

Address translation bit. Enables/disables the MMU.

0: MMU disabled
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3.3

3.3.1

TLB Functions

Configuration of the TLB

The TLB caches address trandation table information located in external memory. The address
tranglation table stores the physical page number translated from the virtual page number and the
control information for the page, which is the unit of address trandlation. Figure 3.4 shows the
overall TLB configuration. The TLB is 4-way set associative with 128 entries. There are 32 entries
for each way. Figure 3.5 shows the configuration of virtual addresses and TLB entries.

Entry O
Entry 1

Entry 31

Way 0-3

[ I

I I

[

I

I I

[

T

T

VPN(31-17) |VPN(11-10)

ASID(7-0) | V | H | Entry 0

H | Entry 1

H Entry 31

Address array

Way 0-3

[

[

I I

[

PPN(31-10)

PR(1-0)|SZ

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 1 0
| VPN | Offset |

Virtual address (4-kbyte page)

(15) (2) | @ @@ (22) 2 @@
VPN (31-17)| VPN (11-10)| ASID [SH|SZ| V| | PPN [PR[c|D|
TLB entry

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 O,
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 the
case of a 4-kbyte page. Attention must be paid to the synonym problem in the case of a
1-kbyte page (see section 3.4.4).

Set the most significant bit to 0.
PR: 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 a4-way set associative scheme, so entries must be selected by index. VPN bits 16
to 12 are used as the index number regardless of the page size. The index number can be generated
in two different ways depending on the setting of the IX bitin MMUCR.

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

2. WhenIX =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 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 )¢ Sat)
Index
Way 0-3
1[ r ! : l | L T .
[ I I [ I I I I
0 VPN(31-17) VPN(11-10) | ASID(7-0) PPN(31-10) |PR(1-0)| Sz D |SH
31
Address array Data array

Figure 3.6

TLB Indexing (IX = 1)

HITACHI

61




Virtual address
31 1716 1211 0

Index

Way 0-3

0| VPN@31-17) |VPN(11-10)| ASID(7-0) | V LI]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 isregistered 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 theindexed TLB entry. All four ways are searched simultaneously. If the compared
values match, and the indexed TLB entry isvalid (V bit = 1), the hit is registered.

It is necessary to have the software ensure that TLB hits do not occur simultaneously in more than
one way, as hardware operation is not guaranteed if this happens. For example, if there are two
identical 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 isin the shared state (SH = 1) and the other in the non-
shared state (SH = 0), then if the ASID in PHE is set to H'FF, there is a possibility of
simultaneous TLB hits in both these ways. It is therefore necessary to ensure that this kind of
setting is not made by the software.

The object compared varies depending on the page management information (SZ, SH) inthe TLB
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 processes (SH = 0) but not
when thereis sharing (SH = 1).

When single virtual memory is supported (MMUCR.SV = 1) 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 address
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)

A\ 4 Y

Bits compared: Bits compared: Bits compared: Bits compared:
VPN (31-17) VPN (31-17) VPN (31-17) VPN (31-17)
VPN (11-10) VPN (11-10) ASID (7-0)
ASID (7-0)
Figure 3.8  Objects of Address Comparison
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3.3.4 Page Management |nformation

In addition to the SH and SZ bits, the page management information of TLB entries also includes
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 bit
is 0, an attempt to write to the page resultsin an initial page write exception. For physical page
swapping between secondary memory and main memory, for example, pages are controlled so that

adirty pageis paged out of main memory only after that page is written back to secondary
memory. To record that there has been awrite to a given page in the address trandlation tablein
memory, an initial page write exception is used.

The C hit in the entry indicates whether the referenced page residesin a cacheable or non-cacheable
area of memory. The PR field specifies the access rights for the page in privileged and user modes
and is used to protect 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
1 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 violation violation exception
exception exception
01 Permitted Permitted TLB protection TLB protection
violation violation exception
exception
10  Permitted TLB protection Permitted TLB protection
violation violation exception
exception
11  Permitted Permitted Permitted Permitted
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3.4 MMU Functions

3.4.1 MMU Hardware Management

MMU hardware management is of the following two kinds.

1.

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

. In address trandlation, the MMU receives page management information from the TLB, and

determines the MMU exception and whether the cache isto be accessed (using the C bit). For
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 trandlation is not performed. Also, since SV and IX bit changes constitute
address trandation 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 O, 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 handling. 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 privileged mode only by clearing the share status bit (SH) to 0 to
specify recording of all TLB entries. This strengthens inter-process memory protection, and enables
special access levelsto be created in 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 (LDLTB)

Theload TLB instruction (LDTLB) is used to record TLB entries. When the IX bitin MMUCR is
0, the LDTLB instruction changes the TLB entry in the way specified by the RC bitin MMUCR
to the value specified by PTEH and PTEL, using VPN bits 16-12 specified in PTEH as the index
number. When the IX bitin MMUCR is 1, the EX-OR of VPN bits 16-12 specified in PTEH and
ASID bits4-0in PTEH are used as the index number.

Figure 3.9 shows the case where the I X 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
exception according to the rules shown in figure 3.9. Consequently, if the LDTLB instruction is
issued after setting only PTEL in the MMU exception handling routine, TLB entry recording is
possible. Any TLB entry can be updated by software rewriting of PTEH and the RC bitsin
MMUCR.

Asthe LDTLB instruction changes address translation information, there is arisk of destroying
address trandlation information if this instruction isissued in the PO, UO, or P3 area. Make sure,
therefore, that this instruction isissued in the P1 or P2 area. Also, an instruction associated with
an access to the PO, UOQ, or P3 area (such as the RTE instruction) should be issued at |east two
instructions after the LDLTB instruction.

66
HITACHI



MMUCR

31 9 0
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_>
31

Address array Data array

Figure 3.9 Operation of LDTLB Instruction

3.4.4 Avoiding Synonym Problems

When a 1-kbyte page isrecorded 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 will be
recorded in anumber of cache entries, and it will not be possible to guarantee data congruity. The
reason why this problem only occurs when using a 1-kbyte page is explained below with reference
to figure 3.10.

To achieve high-speed operation of the SH7708 Series cache, an index number is created using
virtual address bits 10-4. When a 4-kbyte page is used, virtual address bits 104 are included in the
offset, and since they are not subject to address trandation, they are the same as physical address
bits 10-4. In cache-based address comparison and recording in the address array, since the cache tag
addressis aphysical 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 10-4.
However, in the case of a 1-kbyte page, virtual address bit 10 is subject to address trand ation and
therefore may not be the same as physical address bit 10. Consequently, the physical addressis
recorded in adifferent entry from that of the index number indicated by the physical addressin the
cache address array.
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For example, assume that, with 1-kbyte page TLB entries, TLB entries for which the following
trandation has been performed are recorded in two TLBs:

Virtual address1 H'00000000 - physical address H'00000400
Virtual address2 H'00000400 - physical address H'00000400

Virtual address 1 isrecorded in cache entry H'00, and virtual address 2 in cache entry H'40. Since
the 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 awrite is performed to either
virtual address. Therefore, when recording a 1-kbyte TLB entry, if the physical addressis the same
as aphysica address aready used in another TLB entry, it should be recorded in such away that
physical address bit 10 is the same.
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When using a 4-kbyte page
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When using a 1-kbyte page
Virtual address
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Physical address
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PPN \ Offset |
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Cache address
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Figure 3.10 Synonym Problem
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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 handling includes both hardware and
software operations.

Hardware Operations: Ina TLB miss, the SH7708 Series hardware executes a set of prescribed
operations, as follows:

1. TheVPN field of the virtual address causing the exception iswritten to the PTEH register.
2. Thevirtual address causing the exception iswritten to the TEA register.

3. Either exception code H'040 for aload 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 SH7708 Series in 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) isincremented by 1 when all entries

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

set in 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.

© ©® N o

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

1. Writethe value of the physical page number (PPN) field and the protection key (PR), page size
(S2), cacheable (C), dirty (D), share status (SH), and valid (V) bits of the page table entry
recorded in the address trandlation table in external memory into the PTEL register in the
SH7708 Series.
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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. Issuethe LDTLB instruction to load the contents of PTEH and PTEL into the TLB.

4. lssuethe return from exception handler (RTE) instruction to terminate the handler routine and
return to the instruction stream. The RTE instruction should be issued at least two instructions
after the LDTLB instruction.

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 avalid entry is found to match, but the type of accessis not
permitted by the access rights specified in the PR field. TLB protection violation exception
handling includes both hardware and software operations.

Hardware Operations: In a TLB protection violation exception, the SH7708 Series 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. Thevirtua address causing the exception iswritten to the TEA register.

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

4. The PC vaueindicating the address of the instruction in which the exception occurred is
written into SPC (if the exception occurred in adelay 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 SH7708 Series in privileged mode.
The BL bitin 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.

© © N o’

Software (TLB Protection Violation Handler) Operations. The 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. The RTE instruction should be issued at
least two instructions after the LDTLB instruction.
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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 isnot valid (the V bit is0). TLB invalid exception
handling includes both hardware and software operations.

Hardware Operations: InaTLB invalid exception, the SH7708 Series hardware executes a set
of prescribed operations, as follows:

A wbd PR

o

© ® N o

The VPN number of the virtual address causing the exception iswritten 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 aload 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 SH7708 Series in privileged mode.
The block (BL) bit in SR is set to 1 to mask any further exception requests.

. Theregister 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
tablesin externa memory and assigns the required page table entry. Upon retrieving the required
page table entry, the software must execute the following operations:

1.
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Write the values of the physical page number (PPN) field and the values of the protection key
(PR), page size (SZ), cacheable (C), dirty (D), share status (SH), and valid (V) bits of the page
table entry recorded in 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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3.5.4 Initial Page Write Exception

Aninitial page write exception results in awrite access when the virtual address and the address
array of the selected TLB entry are compared and avalid entry with the appropriate accessrightsis
found to match, but the D (dirty) bit of the entry is O (the page has not been written to). Initial
page write exception handling includes both hardware and software operations.

Hardware Operations: In an initial page write exception, the SH7708 Series hardware executes
aset of prescribed operations, as follows:

The VPN field of the virtual address causing the exception is written to the PTEH register.
The virtual address causing the exception iswritten 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 SH7708 Series in privileged mode.
The BL hitin 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.

P wbd R

© © N o w»

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

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

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

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

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

6. Issuethe 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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3.5.5 Processing Flow in Event of MMU Exception (Same Processing Flow
for Address Error)

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

B

| IF | ID| EX| MA

ID | EX | MA | WB
ID | EX | MA | WB

NOP

Handler transition
processing

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 data access mode.

IF| ID| EX
IF | ID
IF

WB

MA WB]

Handler transition
processing

NOP

|

NOP

MMU exception handler —»

IF [ 1D [Ex |mA| wB |

I:I : Exception source stage

: Stage cancellation for instruction
that has begun execution

IF = Instruction fetch

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

WB = Write back

NOP = 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 in
privileged mode using the MOV instruction. The TLB is assigned to the P4 areain 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 accessis 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 datafield (for write operations) must be
specified. The address field specifies information for selecting the entry to be accessed; the datafield
specifiesthe 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 isway 0, 01 isway 1, 10 isway 2, 11 isway 3) and H'F2 to indicate
address 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, specify bit 7 asthe A bit. The A bit indicates whether addresses are compared
during writing. When the A bit is 1, the VPNs of the four entries selected by the entry addresses
are compared to the VPN to be written into the address array specified in the data field. Writing
takes place to the way that has a hit. When a miss occurs, nothing is written to the address array
and no operation occurs. The way number specified in bits 9-8 is not used. The item compared is
determined by the SZ and SH bits of the entry selected by the entry address, the SV hit in
MMUCR and the MD hit in SR, just asin ordinary operations (see section 3.3.3).

When the A bitis 0, it iswritten to the entry selected with the entry address and way number
without comparing addresses.

When reading, the VPN (31-17, 11-10), V bit, and ASID of the entry specified by the entry
address and way number are read in the format of the datafield in figure 3.14 without comparing
addresses. Zeroisread inthe datafield (16-12).

To invalidate a specific entry, specify the entry and write O toits V bit. When 1 is specified for the
A bit, only the required VPN entry isinvalidated.
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3.6.2 Data Array

The data array is assigned to H'F3000000 to H'F3FFFFFF. To access a data array, the 32-bit
addressfield (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 for
selecting the entry to be accessed; the data section specifies the longword data to be written to the
dataarray (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 isway 0, Ol isway 1, 10 isway 2, 11 isway 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 addressand 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 isfixed at longword.

78
HITACHI



(1) TLB Address Array Access

Read access

31 24 23 17 16 121110987 6 0
Address field | 11110010 R RTRTERTIS *| VPN |*|*| W | 0 |* ............. *|
31 1716 12111098 7 0
Data field | VPN lo-olvenjolv]  AsiD |
Write access
31 24 23 1716 121110987 6 0
Address field | 11110010 o *| VPN |*|*| W |A|* ............. *|
31 1716 12111098 7 0
Data field | VPN % x[vPN[x[v]  AsID |
VPN: Virtual page number ASID: Address space identifier
V: Valid bit % Don't care bit

A: Association 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 17 16 12111098 7 0
Address field | 11110011 o *| VPN |*|*| W |* ................ *|
31 109 8 7654 3 2 1 O
Data field | PPN |x|v[x|PR[sz|c|D|sH|X]
PPN: Physical page number V: Valid bit
PR: Protection key field SZ: Page size hit
C: Cacheable bit D: Dirty bit
SH: Share status bit %: Don't care bit

VPN: Virtual page number
X: 0 for read, 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’sV bit. When the A bitis 1, the VPN and ASID specified by the write datais 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 isfound, there is no operation. RO specifies the write data and R1
specifies the address.

RO=H 1547 381C Rl=H F201 3080

MVUCR. | X=0
; VPN(31-17)=B' 0001 0101 0100 011 VPN(11-10) =B' 10 AS| D=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 Entry: This example reads the data section of a specific
TLB entry. The bit order indicated in the datafield in figure 3.14 (2) isread. RO specifies the
address and the data section of a selected entry isread to R1.

RO=H F300 4300 VPN(16-12)=B 00100 Way 3

; MOV.L @0, R1

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 afixed physical address space (the P1 or P2

space).
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Section 4 Exception Handling

4.1 Overview

4.1.1 Features

Exceptions are deviations from normal program execution that require special handling. The
processor responds to an exception by aborting execution of the current instruction (execution is
allowed to continue to completion in all interrupt requests) and passing control from the
instruction stream to the appropriate user-written exception handling routine. Here, all exceptions
other than resets and interrupts will be called general exceptions. There are thus three types of
exceptions: resets, general exceptions, and interrupts.

4.1.2 Register Configuration

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

Table 4.1 Register Configuration

Register Abbr. R/W Size Initial Value Address

TRAPA exception register TRA R/W Longword Undefined HFFFFFFDO

Exception event register EXPEVT R/W Longword Power-on reset: H'000 HFFFFFFD4
Manual reset: H'020

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

4.2  Exception Handling Function

4.2.1 Exception Handling Flow

Usually 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 isinvoked from avector address. The return from exception handler (RTE)
instruction is issued by the exception handler routine at the completion of the routine, restoring
the contents of the PC and SR to return to the processor status at the point of interruption and the
address where the exception occurred.
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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.

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

« Themode (MD) bit in SR is set to 1 to place the SH7708 Series in privileged mode.

* Theregister bank (RB) bit in SR is set to 1.

« Anencoded value identifying the exception event is written to bits 11-0 of the exception event
(EXPEVT) or interrupt event (INTEVT) register.

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

4.2.2 Exception Handling Vector Addresses

The reset vector address is fixed at H'’A0000000. The other three events are assigned offsets from
the vector base address by software. Translation lookaside buffer (TLB) miss exceptions have an
offset from the vector base address of H'00000400. The vector address offset for general exception
events other than TLB miss exceptionsis 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 shows the
relationship between the vector base address, the vector offset, and the vector table.

»
Lt

y

VBR + Vector offset ———

H'A000 0000 ——»

Vector table

Figure 4.1  Vector Table

In table 4.2, exceptions and their vector addresses are listed by exception type, instruction
completion status, 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 Vectored Exception Events

Exception Current Exceptio Vector Vector
Type Instructio Exception Event Priority*n Order Address Offset
n 1
Reset Aborted Power-on 1 — H'A00000000 —
Manual reset 1 — H'A00000000 —
General Aborted Address error 2 1 — H'00000100
exception and retried (instruction access)
events TLB miss (instruction 2 2 — H'00000400
access)
TLB invalid 2 3 — H'00000100
(instruction access)
TLB protection 2 4 — H'00000100
violation
(instruction access)
Reserved instruction 2 5 — H'00000100
code exception
lllegal slot 2 5 — H'00000100
instruction exception
Address error 2 6 — H'00000100
(data access)
TLB miss 2 7 — H'00000400
(data access)
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
83
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Table 4.2 Vectored Exception Events (cont)

Exception Current Exceptio Vector Vector
Type Instructio Exception Event Priority*n Order Address Offset
n 1

General Completed Nonmaskable 3 — — H'00000600

interrupt interrupt

requests External hardware ~ 4*3 — — H'00000600
interrupt
Peripheral module 4%3 — — H'00000600
interrupt

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 exception
events occur simultaneously. The power-on reset and manual reset may not occur simultaneously,
so they have the same priority.

All general exception events occur in arelative 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
dot instruction exception) are detected in the decode 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 [ ws |

¢ A TLB miss (data access)
Instruction n + 1 | IF | o | Ex | MA [ wB |

¢ A TLB miss (instruction access)
Instruction n + 2 | F [ D [ Ex | mA [ ws |

RIE (reserved instruction exception)
Detection Order:

TLB miss (instruction n+1)

'

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

'

TLB miss (instruction n + 1)

¢ 2

Re-execution of instruction n + 1

'

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 instruction
boundaries. However, an exception is not accepted between a delayed branch instruction and the
delay dlot. A re-execution type exception detected in adelay sot is accepted before execution of the
delayed branch instruction. A completion type exception detected in a delayed branch instruction or
delay dlot is accepted after execution of the delayed branch instruction. The delay dot here refersto
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the next instruction after a delayed unconditional branch instruction, or the next instruction when a
delayed conditional branch instruction istrue.

4.2.4 Exception Codes

Table 4.3 lists the exception codes written to bits 11-0 of the EXPEVT register (for reset or
general exceptions) or the INTEVT register (for general interrupt requests) to identify each specific
exception event. An additional exception register, the TRAPA (TRA) register, is used to hold the
8-hit immediate datain an unconditional trap (TRAPA instruction).

Table 4.3 Exception Codes

Exception Type Exception Event Exception
Code
Reset Power-on H'000
Manual reset H'020
General exception events TLB miss/invalid (load) H'040
TLB miss/invalid (store) H'060
Initial page write H'080
TLB protection violation (load) H'0AO0
TLB protection violation (store) H'0CO
Address error (load) H'OEO
Address error (store) H'100
Unconditional trap (TRAPA instruction) H'160
Reserved instruction code exception H'180
lllegal slot instruction exception H'1A0
User break point trap H'1EOQ
General interrupt requests Nonmaskable interrupt H'1CO0

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
IRL3—-IRLO = 0110 H2C0
IRL3-IRLO = 0111 H'2EO0
IRL3—-IRLO = 1000 H'300
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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 = 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
Peripheral module interrupt:
TMUO TUNIO H'400
TMUL1 TUNI1 H'420
T™MU2 TUNI2 H'440
TICPI2 H'460
RTC ATI H'480
PRI H'4A0
Cul H'4CO0
SCI ERI H'4EO
RXI H'500
TXI H'520
TEI H'540
WDT ITI H'560
REF RCMI H'580
ROVI H'5A0

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

4.2.5 Exception Request Masks
When the BL bit in SR is cleared to 0, exceptions and interrupts are accepted.

If ageneral exception event occurs when the BL bitin SR is 1, the CPU’sinternal registers are set
to their post-reset state, other module registers retain their contents prior to the general exception,
and a branch is made to the same address (H'A0000000) as for areset.
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If agenera interrupt occurs when BL = 1, the request is masked (held pending) and not accepted
until the BL bit is cleared to 0 by software. For reentrant exception handling, the SPC and SSR
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
valueis set in the PC, and the SSR valuein SR, and the return from exception handling is
performed by branching to the SPC address.

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

4.3 Register Description

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

1. Theexception event register (EXPEVT) resides at address H'FFFFFFD4, and contains a 12-bit
exception code. The exception code set in EXPEVT isthat for areset or general exception
event. The exception code is set automatically by hardware when an exception occurs.
EXPEVT can aso be modified by software.

2. Theinterrupt event register (INTEVT) resides at address H'FFFFFFD8, and contains a 12-bit
exception code. The exception code set in EXPEVT isthat for an interrupt request. The
exception code is set automatically by hardware when an exception occurs. INTEVT can also be
modified by software.

3. The TRAPA exception register (TRA) resides at address H'FFFFFFDO, and contains 8-hit
immediate data (imm) for the TRAPA instruction. TRA is set automatically by hardware when
aTRAPA 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 and INTEVT register TRA register
31 11 0 31 9 2 0
0 0| Exception code | |0 0 imm |OO|

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

Figure 4.3  Bit Configurations of EXPEVT, INTEVT, and TRA Registers
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4.4  Exception Handler Operation

4.4.1 Reset

The reset sequence is used to power up or restart the SH7708 Series from the initialization state.
The RESET signal is 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 amanual reset, however, processing to retain
external memory contentsis continued. The BREQ (bus request) signal is used to distinguish
between a power-on reset (high-level input) and manual reset (low-level input). The reset sequence
consists of the following operations:

 TheMD bitin SR is set to 1 to place the SH7708 Series in privileged mode.
e TheBL hitin SR is set to 1, masking any subsequent exceptions.
e TheRB bhitin SRissetto 1.

e Anencoded value of H'000 in a power-on reset or H'020 in a manual reset iswritten to bits
11-0 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

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

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

e TheBL hitin SR is set to 1, masking any subsequent exceptions.

 TheMD bitin SR isset to 1 to place the SH7708 Series in privileged mode.

e TheRB hitin SRisset to 1.

* Anencoded value identifying the exception event is written to bits 11-0 of the INTEVT
register.

 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 SH7708 Series encounters any exception condition other than areset or interrupt request,
it executes the following operations:

» The contents of the PC and SR are saved in the SPC and SSR, respectively.
e TheBL hitin SR is set to 1, masking any subsequent exceptions.
 TheMD bitin SR is set to 1 to place the SH7708 Series in privileged mode.
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* TheRB bitin SRisset to 1.

« Anencoded 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 tablein a TLB miss trap, or by the sum of the

vector base address and offset H'00000100 for exceptions other than TLB miss traps, to invoke
the exception handler.

4.5 Individual Exception Operations

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

4.5.1 Resets

¢ Power-On Reset
0 Conditions: BREQ pin high and RESET low
O Operations: EXPEVT set to H'000, VBR and SR initialized, branch to PC = H'A0000000.
Initialization sets the VBR register to H'0000000. In SR, the MD, RB and BL bits are set
to 1 and the IMASK field is 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.

*  Manual Reset
O Conditions: BREQ pin low and RESET low

O Operations: EXPEVT set to H'020, VBR and SR initialized, branch to PC = H'A0000000.
Initialization sets the VBR register to H'0000000. In SR, the MD, RB, and BL bits are set
to 1 and the IMASK field is set to B'1111. The CPU and on-chip supporting modules are
initialized. See the register descriptionsin the relevant sections for details.

Table 4.4 Types of Reset

Conditions for

Transition Internal State
to Reset State
Type BREQ RESET CPU On-Chip Supporting
Modules
Power-on High Low Initialized (See register configuration in
reset relevant sections)
Manual Low Low Initialized
reset
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4.5.2 General Exceptions

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

0 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 one for replacement.

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

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

occurred during awrite, H'060 is set in EXPEVT. The BL, MD and RB hitsin SRaresetto 1

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

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

TLB invalid exception

O Conditions; Comparison of TLB addresses shows address match but V =0

0 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 bitsin MMUCR.

The PC and SR of the instruction that generated the exception are saved in the SPC and SSR,

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

occurred during awrite, H'060 is set in EXPEVT. The BL, MD, and RB bitsin SRaresetto 1

and a branch occursto PC = VBR + H'0100.

Initial page write exception

0 Conditions: A hit occurred to the TLB for a store access, but D =0
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 MMUCR.RC.

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

respectively. H'080 is set in EXPEVT. The BL, MD, and RB hitsin SR aresetto 1 and a
branch occursin PC = VBR + H'0100.
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TLB protection exception

O

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

Operations. The virtual address (32 hits) 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 SSR,
respectively. If the exception occurred during aread, H'0AQ is set in EXPEVT,; if the exception
occurred during awrite, H'OCO is set in EXPEVT. The BL, MD, and RB bitsin SR are set to
1 and a branch occursto PC = VBR + H'0100.

Addresserror
O 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,
an + 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 set in 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 aread, H'OEO is set in EXPEVT,; if the
exception occurred during awrite, H'100 is set in EXPEVT. The BL, MD, and RB bitsin
SR are set to 1 and a branch occurs to PC = VBR + H'0100.

For details see section 3.5.5, Processing Flow in Event of MMU Exception.

Unconditional trap

g
U

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-bit immediate value in the TRAPA
instruction is quadrupled and set in TRA(9-0). H'160 isset in EXPEVT. The BL, MD, and
RB bitsin SR are set to 1 and a branch occurs to PC = VBR + H'0100.
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Reserved instruction exception

u
a

Conditions:

When undefined code not in adelay dot is decoded

Delay branch instructions. IMP, JSR, BRA, BRAF, BSR, BSRF, RTS, RTE, BT/S,
BF/S

Undefined instructions: H'Fxxx(SH7708, SH7708S), H'FxxF(SH7708R)

When aprivileged instruction not in adelay 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 the
SPC and SSR, respectively. H'180 is set in EXPEVT. The BL, MD, and RB bitsin SR

are set to 1 and a branch occursto PC = VBR + H'0100. When an undefined instruction
other than H'Fxxx is decoded, operation cannot be guaranteed.

Illegal slot instruction

O
a

Conditions:

When undefined codein adelay dot is decoded

Delay branch instructions: IMP, JSR, BRA, BRAF, BSR, BSRF, RTS, RTE, BT/S,
BF/S

Undefined instructions: H'Fxxx(SH7708, SH7708S), H'FxxF(SH7708R)

When an instruction that rewrites the PC in adelay ot is decoded

Instructions that rewrite the PC: IMP, 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 adelay dot 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 the
instruction that generated the exception is saved to SSR. H'1AO0 isset in EXPEVT. The
BL, MD, and RB hitsin SR are set to 1 and a branch occursto PC = VBR + H'0100.
When an undefined instruction other than H'Fxxx is decoded, operation cannot be
guaranteed.

User bresak point trap

g
O

Conditions: When a break condition set in the user break point controller is satisfied
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 occursis setin SSR. H'1EQ is set in EXPEVT. The BL, MD, and RB bitsin SR are
set to 1 and a branch occursto PC = VBR + H'0100. See section 7, User Break Controller,
for more information.
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4.5.3 Interrupts

* NMI
0 Conditions: NMI pin edge detection

0 Operations: The PC and SR after the instruction that receives the interrupt are saved to the
SPC and SSR, respectively. H'01CO is set in INTEVT. The BL, MD, and RB bitsin SR
are set to 1 and a branch occurs to PC = VBR + H'0600. This interrupt is not masked by
SR.IMASK and is accepted with top priority when the BL bit in SR is 0. When the BL bit
is 1, the interrupt is masked. See section 6, Interrupt Controller, for more information.

* |IRL interrupts

O Conditions: The value of the interrupt mask bitsin SR is lower than the IRL3-RLO level
and the BL bhit in SR is 0. Theinterrupt is accepted at an instruction boundary.

0 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 isset in INTEVT. The corresponding code is given as H'200 +
B'(IRL3-IRLO) x H'20. The BL, MD, and RB bitsin SR are set to 1 and a branch occurs
to VBR + H'0600. The received level is not set in SR.IMASK. See section 6, Interrupt
Controller, for more information.

e On-chip moduleinterrupts

O Conditions: The value of the interrupt mask bitsin SR is lower than the on-chip module
(TMU, RTC, SCI, CPG, REF) interrupt level and the BL bit in SR is 0. The interrupt is
accepted at an instruction boundary.

0 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
interrupt sourceisset in INTEVT. Seetable 6.4, Interrupt Exception Vectors and
Rankings, for the corresponding codes. The BL, MD, and RB bitsin SR are set to 1 and a
branch occursto VBR + H'0600. B'0000 to B'1111 are set in the interrupt priority level

registers (IRPA, IRPB) within the interrupt controller. See section 6, Interrupt Controller,
for more information.
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4.6 Cautions

* Return from exception handling

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

O 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 handling.

» Operation when exception or interrupt occurs while SR.BL =1

O Interrupt: Acceptance is suppressed until the BL bit in SR is set to O by software. If thereis
arequest 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.

O Exception: No user break point trap will occur even when the bresk conditions are 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 EXPEV T, SPC, and SSR registers are
undefined.

* SPC when an Exception Occurs: The PC saved to the SPC when an exception occursis as
shown below:

0 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 handling. If the exception occurred in a
delay dot, 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.

O Completed-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 Undefined registers
RO_BANKO0/1-R7_BANKO/1, R8-R15, GBR, SPC, SSR, MACH, MACL, PR

O Initiaized registers
VBR = H'00000000
SR.MD =1, SRBL =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 not
guaranteed in this case.

* WhentheBL bitin SRis 1, ensure that a TLB-related exception or address error is not caused
by an LDC instruction that updates SR and the following instruction, as these may be
identified as multiple exceptions and may start reset processing.
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Section5 Cache

5.1 Overview

5.1.1 Features
The cache specifications are listed in table 5.1.

Table 5.1 Cache Specifications

Parameter Specification
Capacity Selectable: Normal mode: 8 kbytes
RAM mode: 4 kbytes cache and 4 kbytes RAM
Structure Instruction/data mixed, 4-way set associative (2-way set associative in
RAM mode)
Line size 16 bytes
Number of entries 128 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 composed of
four ways (banks), each of which is divided into an address section and a data section. Each of the
address and data sections is divided into 128 entries. The data section of the entry iscalled aline.
Each line consists of 16 bytes (4 bytes x 4). The data capacity per way is 2 kbytes (16 bytes x
128 entries), with atotal of 8 kbytes in the cache as awhole (4 ways). Figure 5.1 shows the cache
structure.
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Address array (ways 0-3) Data array (ways 0-3) LRU section

[
[
[

Entry O |V |U| Address 0| LWO | Lw1 | LW2 | LW3 0

Entry 1 1 1

Entry 127 H 127 o127
24 (1 + 1 + 22) bits 128 (32 x 4) bits 6 bits
4 <+

LWO-LW3: Longword data 0—3

Figure 5.1  Cache Structure

Address Array: TheV hit indicates whether the entry datais valid. When the V bitis 1, datais
valid; when 0, datais 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 O, it has not. The address tag
holds the physical address used in the external memory access. It is composed of 22 bits (address
bits 31-10) used for comparison during cache searches.

In the SH7708 Series, the top three of the 32 physical address bits are used as shadow bits (see
section 10), and therefore in anormal replace operation the top three bits of the vector address are
cleared to 0.

TheV and U bits areinitialized to 0 by a power-on reset, but are not initialized by a manual reset.
Thetag addressis 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.

L RU: With the 4-way set associative system, up to four instructions or data with the same entry
address (address bits 10-4) can be registered in the cache. When an entry is registered, the LRU
shows which of the four ways it isrecorded in. There are six LRU hits, controlled by hardware. A
least-recently-used (LRU) algorithm is used to select the way.

In normal mode, four ways are used as cache and six LRU bits indicate the way to be replaced
(table 5.2). If abit pattern other than those listed in table 5.2 is set in the LRU bits by software,
the cache will not function correctly. When modifying the LRU bits by software, set one of the
patterns listed in table 5.2.
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In RAM mode, two ways are used as cache (way 0 and way 1). Bit 5 of the LRU bitsindicates
which way is to be replaced. When bit 5is 0, way 1 isto be replaced. When bit 5is 1, way Oisto
be replaced.

The LRU bits areinitialized to 0 by a power-on reset, but are not initialized by a manual reset.
Table 5.2 LRU and Way Replacement in Normal Mode

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, 011111 1
111000, 111001, 111011, 111100, 111110, 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 Address
Value*
Cache control register CCR R/W  Longword H'00000000 HFFFFFFEC

Note: Initialized by a power-on reset or manual reset.

5.2 Register Description

5.2.1 Cache Control Register (CCR)

The cacheis enabled or disabled using the CE bit of the cache control register (CCR). CCR aso
has an RA bit (which switches the cache operation mode between RAM mode and normal mode), a
CF bit (which invalidates al cache entries), aWT bit and a CB bit* (which selects either write-
through mode or write-back mode). Programs that change the contents of the CCR register should
be placed in address space that is not cached. When updating the contents of the CCR register,
always set bit 4 to 0. Figure 5.2 shows the configuration of the CCR register. CB bit is not
supported in emulator.

Note:SH7708S,SH7708R only
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31 6 5 4 3 2 1 0
. |RA| 0 |CF| * |WT|CE|

RA: RAM bit. Indicates the cache operation mode.
1 = 4 kbytes cache/4 kbytes cache (RAM mode)
0 = 8 kbytes cache (normal mode)

0: Always set to 0 when setting the register.

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

—: Reserved bits. Always read 0; and the write value should always be 0.

WT: Write-through bit. Indicates the cache’s operating mode for areas 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.

CB: P1 area write-back/write-through switching bit
1 = write-back mode, 0 = write-through mode

Note:SH7708:Reserved bit
SH7708S,SH7708R:CB

Figure 5.2 CCR Register Configuration
5.3 Cache Operation

5.3.1 Searching the Cache

If the cache is enabled, whenever instructions or datain memory are accessed the cache will be
searched to see if the desired instruction or datais in the cache. Figure 5.3 illustrates the method by
which the cache is searched. The cacheis aphysical cache and holds physical addressesin its
address section.

Entries are selected using bits 104 of the address (virtual) of the access to memory and the address
tag of that entry isread. In parallel to reading of the address tag, the virtual addressistrandated to a
physical addressin the MMU. The physical address after translation and the physical address read
from the address section are compared. The address comparison uses al four waysin normal mode.
In RAM mode, two ways (way 0 and way 1) are used in the address comparison. When the
comparison shows a match and the selected entry isvalid (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 5.3 shows a hit on way 1.
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Virtual address

31 11 10 43210
Entry selection Longword (LW) selection
Ways 0-3 Ways 0-3
[ [
v I [ I [
MMU 0O |V|U Address LWO Lw1i Lw2 LW3
1
127 - i
Physical address
Yy Yy Yy Yy A4 A4 A4 A4

\ 4

Hit signal 1

CMPO: Comparison circuit O
CMP1: Comparison circuit 1
CMP2: Comparison circuit 2
CMP3: Comparison circuit 3

Figure 5.3 Cache Search Scheme (Normal Mode)
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5.3.2 Read Access

Read Hit: In aread access, instructions and data are transferred from the cache to the CPU. The
transfer unit is 32 bits. 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 that
caused the missisloaded from external memory to the cache, the instruction or dataiis transferred
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 hit of areplaced entry in write-back modeis 1,
the cachefill cycle starts after the entry is transferred to the write-back buffer. After the cache
completesitsfill cycle, the write-back buffer writes back the entry to memory. The write-back unit
is 16 bytes.

5.3.3 Worite Access

Write Hit: In awrite access in write-back mode, 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 cycleis
issued. In write-through mode, datais written to the cache and an external memory write cycleis
issued.

Write Miss: In write-back mode, an external bus cycle starts when a write miss occurs and an
entry with its U bit set to 1 is replaced. 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. After the cache completesitsfill cycle, the write-back buffer
writes back the entry to memory. The write-back unit is 16 bytes. Data is written to the cache and
the U bit is set to 1. In write-through mode, no write to cache occurs in awrite miss; the write is
only to external memory.

5.3.4 Write-Back Buffer

When the U bit of the entry to be replaced in write-back mode is 1, it must be written back to
external memory. To increase performance, the entry to be replaced isfirst transferred to the write-
back buffer and fetching of new entries to the cache takes priority over writing back to external
memory. During the write back cycles, the cache can be accessed. The write-back buffer can hold
one line of cache data (16 bytes) and its physical address. Figure 5.4 shows the configuration of the
write-back buffer.
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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 5.4  Write-Back Buffer Configuration

5.3.5 Coherency of Cache and External Memory

Use software to ensure coherency between the cache and the external memory. When memory
shared by the SH7708 Series and another device is accessed, the latest data may be in awrite-back
mode cache, so invalidate the entry that includes the latest data in the cache, generate a write back,
and update the datain memory before using it. When the caching areaiis updated by a device other
than the SH7708 Series, invalidate the entry that includes the updated data in the cache.

5.3.6 RAM Mode

In RAM mode, way 0 and way 1 function as a 4-kbyte two-way set associative cache, while way 2
and way 3 function as 4-kbyte internal RAM. The internal RAM is mapped onto H'7F000000 to
H'7FO00FFF with 4-kbyte shadow areas from H'7F001000 to H'7FFFFFFF. In RAM mode with
the MMU enabled, a virtual address from H'7F00000 to H'7FFFFFFF is not trandated to an
external physical address. Theinternal RAM can be accessed in both privileged and user mode by
setting its address as source or destination address in the instructions. Before changing the RA bit
in the CCR register to change the cache operation mode, all entriesin the cache should be
invalidated.

5.4 Memory-Mapped Cache

To allow software management of the cache, it is mapped onto virtual address space P4. The
address array is mapped onto addresses H'FO000000 to H'FOFFFFFF and the data array onto
addresses H'F1000000 to H'F1FFFFFF. In privileged mode, the cache contents can be read or
written using the MOV instruction. With the address array and data array, the access size is fixed at
longword, and instruction fetches cannot be performed.

5.4.1 Address Array

The address array is mapped onto H'FO000000 to H'FOFFFFFF. To access an address array, the 32-
bit addressfield (for read/write accesses) and 32-bit datafield (for write accesses) must be specified.
The address field specifies information for selecting the entry to be accessed; the data field specifies
the address, V bit, U bit, and LRU bits to be written to the address array (figure 5.5(1)).
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In the address field, specify the entry address for selecting the entry (bits 10-4), W for selecting the
way (bits 12-11: 00 isway 0, 01 isway 1, 10 isway 2, 11 isway 3 in normal mode (8-kbyte
cache); 00 and 10 areway 0, and 01 and 11 areway 1 in RAM mode), and H'FO to indicate address
array access (bits 31-24).

When writing, specify bit 3 asthe A bit. The A bit indicates whether addresses are compared
during writing. When the A bit is 1, the addresses of the four entries selected by the entry addresses
are compared to the addresses to be written into the address array specified in the datafield. Writing
takes place to the way that has a hit. When a miss occurs, nothing is written to the address array
and no operation occurs. The way number (W) specified in bits 1211 is not used. When the A bit
is 0, it iswritten 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 5.5 (1), address
array access, isavirtual address. When the MMU is enabled, the addressistrandated into a
physical address, then the physical addressis used in comparing addresses when the A bitis 1. The
physical addressiswritten 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 in figure 5.5 without comparing
addresses. To invalidate a specific entry, specify the entry by its entry address and way 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 hasa U bit set to 1, if it isavalid entry 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 SH7708 Series, the top 3 bits of the 32-bit physical address are treated as a shadow (see
section 10, Bus State Controller (BSC)). Therefore, in the event of a cache miss, Oisregistered in
the top 3 bits of the address array address tag.

When directly changing the address array using the MOV instruction, also, avalue other than 0
must not be set in the top 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 specified. The
address field specifiesinformation for selecting the entry to be accessed; the data field specifies the
longword data to be written to the data array (figure 5.5 (2)).

In the address field, specify the entry address for selecting the entry (bits 10-4), L for indicating the
longword position within the (16 byte) line (bits 3-2: 00 islongword 0, 01 islongword 1, 10 is
longword 2, 11 is longword 3), W for selecting the way (bits 12-11: 00 isway 0, Ol isway 1, 10
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isway 2, 11 isway 3 in normal mode; 00 and 10 areway 0, and 01 and 11 are way 1 in RAM
mode), 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.

(1) Address array access
Address specification

Read access
31 24 23 13 12 11 10 4 3 2 0

| 11120000 | x—x% | w | Entry o[ x % x|

Write access
31 24 23 13 12 11 10 4 3 2 0

[ 11120000 [ x—% | W | Entry A% % x|

Data specification (both read and write accesses)

31 10 9 4 3 2 1 0
| Address tag (31-10) | wru | xx |u|v|

(2) Data array access (both read and write accesses)
Address specification

31 24 23 13 12 11 10 43 21 0
| 11120001 | x—% | w | Entry L % x|

Data specification
31 0
| Longword |

X: 0 for read, don't care bit for write
%: Don't care bit

Figure 5.5  Specifying Address and Data for Memory-Mapped Cache Access
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5.5 Usage Examples

5.5.1 Invalidating Specific Entries

Specific cache entries can be invalidated by writing O to the entry’s V bit. When the A bitis 1, the
address tag specified by the write datais compared to the address tag within the cache selected by
the entry address, and data is written when amatch is found. If no match isfound, thereisno
operation. RO specifies the write datain RO and R1 specifies the address. When the V hit of an
entry in the address array is set to O, 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
; Rl=H FO000088; address array access, entry=B 0001000, A=1

MOV. L RO, @R1

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 data
field of the data array in figure 5.5 is read to the register. RO specifies the address and R1 is read.

; Rl=H F100 004C, data array access, entry=B 0000100, Way = 0, |ongword
; address = 3

MOV.L @0,Rl ; Longword 3 is read.
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Section 6 Interrupt Controller (INTC)

6.1 Overview

Theinterrupt controller (INTC) ascertains the priority of interrupt sources and controlsinterrupt
reguests to the CPU. The INTC registers set the order of priority of each interrupt, allowing the
user to handle interrupt requests according to the user-set priority.

6.1.1 Features

INTC has the following features:

« 15levelsof interrupt priority can be set: By setting the two interrupt-priority registers, the
priorities of on chip supporting module interrupts can be selected from 15 levels for different
request sources.

« NMI noise canceller function: NMI input level bit indicates NMI pin status. By reading this bit
in the interrupt exception handler, the pin status can be checked, enabling it to be used as a
noise canceler.

« External devices can be notified that an interrupt has been received (RQOUT pin): For
example, when the SH7708 Series has released the bus, the external bus master can be notified
of the fact that an external interrupt, an on-chip supporting module interrupt, or a memory
refresh request has occurred, enabling the SH7708 Series to request the bus.
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6.1.2 Block Diagram

Figure 6.1 shows a block diagram of the INTC.
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TMU:  Timer unit

RTC: Realtime clock unit
SCI:  Serial communication interface

WDT: Watch dog timer

REF: Memory refresh controller section of the bus state controller
ICR: Interrupt control register

IPRA-IPRB: Interrupt priority level setting registers A—B

SR: Status register

Figure 6.1 INTC Block Diagram
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6.1.3 Pin Configuration

Table 6.1 shows the INTC pin configuration.

Table 6.1 Pin Configuration

Name

Abbreviation I/0O

Description

Nonmaskable interrupt input pin

NMI |

Input of nonmaskable interrupt request
signal

Interrupt input pins IRL3-RLO I Input of interrupt request signals
(maskable by 13-10 in SR)
Bus request output pin IRQOUT (0] Output of signal that notifies external

devices that an interrupt or memory
refresh request has occurred

6.1.4 Register Configuration

The INTC has the three registers listed in table 6.2.

Table 6.2 Register

Configuration

Initial Access
Name Abbr. R/W Value*! Address Size
Interrupt control register ICR RW  *2 H'FFFFFEEOQ 16
Interrupt priority level setting register A IPRA RW  H0000 HFFFFFEE2 16
Interrupt priority level setting register B IPRB R/W  H0000 HFFFFFEE4 16

Notes: 1. Initialized by a power-on reset or manual reset.
2. H'8000 when the NMI pin is high, H'0000 when the NMI pin is low.

6.2 Interrupt Sources

There are three types of interrupt sources: NMI, IRL, and on-chip supporting modules. Each
interrupt has a priority level (0-16) with 0 the lowest and 16 the highest. Priority level 0 masks

an interrupt.

HITACHI
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6.2.1 NMI Interrupts

The NMI interrupt has the highest priority level of 16. It is always accepted unless the BL bit in
the status register in the CPU is set to 1, and is edge-detected. In sleep or standby mode, the
interrupt is accepted regardless of the BL setting. The NMI edge select bit (NMIE) in the interrupt
control register (ICR) is used to select either therising or falling edge. When the NMIE bit in the
ICR register is changed, the NMI interrupt is not detected for 20 cycles after changing ICR. NMI
interrupt exception handling does not affect the interrupt mask level bits (13-0) in the status
register (SR).

6.2.2 IRL Interrupts

IRL interrupts are input by level at pins IRL3-IRLO. The priority level isthe level indicated by
pins IRL3—-IRL0. An IRL3—-IRLO 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 shows IRL pins
and interrupt levels.

SH7708Series
E—
Interrupt ————— | Priority 4 _
request % encoder ——F—» IRL3 to IRLO
—_— IRL3 to IRLO

Figure 6.2 Example of IRL Interrupt Connection

110
HITACHI




Table 6.3 IRL3-IRL0 Pins and Interrupt Levels

IRL3 IRL2 IRL1 IRLO Interrupt Priority Levellnterrupt Request

0 0 0 0 15 Level 15 interrupt request
0 0 0 1 14 Level 14 interrupt request
0 0 1 0 13 Level 13 interrupt request
0 0 1 1 12 Level 12 interrupt request
0 1 0 0 11 Level 11 interrupt request
0 1 0 1 10 Level 10 interrupt request
0 1 1 0 9 Level 9 interrupt request
0 1 1 1 8 Level 8 interrupt request
1 0 0 0 7 Level 7 interrupt request
1 0 0 1 6 Level 6 interrupt request
1 0 1 0 5 Level 5 interrupt request
1 0 1 1 4 Level 4 interrupt request
1 1 0 0 3 Level 3 interrupt request
1 1 0 1 2 Level 2 interrupt request
1 1 1 0 1 Level 1 interrupt request
1 1 1 1 0 No interrupt request

A noise-cancellation feature is built in, and the IRL interrupt is not detected unlessthe levels
sampled at every supporting module cycle remain unchanged for two consecutive cycles, so that no
transient level on the IRL pin change is detected. In standby mode, as the peripheral clock is
stopped, noise cancellation is performed using the 32.768 kHz clock for the RTC instead.
Therefore when the RTC is not used, interruption by means of IRL interrupts cannot be performed
in standby mode.

The priority level of the IRL interrupt must not be lowered unless the interrupt is accepted and the
interrupt handling 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 affected by IRL interrupt
handling.
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6.2.3 On-Chip Supporting Module Interrupts
On-chip supporting module interrupts are generated by the following five modules:

e Timer unit (TMU)

e Redltime clock (RTC)

» Serial communication interface (SCI)
e Busstate controller (BSC)

« Watchdog timer (WDT)

Not every interrupt source is assigned a different interrupt vector. Sources are reflected on the
interrupt event register (INTEVT). It is easy to identify sources by using the values of the
INTEVT register as branch offsets (in the exception handler routine).

The priority level (from 0-15) can be set for each module by writing to interrupt priority setting
registers A—B (IPRA—PRB).

Theinterrupt mask bits (13-10) in the status register are not affected by the on-chip supporting
module interrupt handling.

On-chip supporting module interrupt source flag and interrupt enable flag updating should only be
performed when the BL bit in the status register (SR) is set to 1. To prevent acknowledgment of

an erroneous interrupt from an interrupt source that should have been updated, first read the on-chip
peripheral register containing the relevant flag, then clear the BL bit to 0. Thiswill secure the
necessary timing internally. When updating a number of flags, there is no problem if only the
register containing the last flag updated is read.

If flag updating is performed while the BL bit is cleared to 0, the program may jump to the
interrupt service routine when the INTEVT register value is 0. In this case, interrupt handling is
initiated due to the timing relationship between the flag update and interrupt request recognition
within the chip. Processing can be continued without any problem by executing an RTE
instruction.

6.2.4 Interrupt Exception Handling and Priority

Table 6.3 lists the codes for the interrupt event register (INTEVT), and the order of interrupt
priority. Each interrupt source is assigned unique code. The start address of the interrupt handler is
common to each interrupt source. Thisiswhy, for instance, the value of INTEVT is used as offset
at the start of the interrupt handler and branched to identify the interrupt source.

The order of priority of the on-chip supporting module is set within the priority levels 0-15 at
will by using the interrupt priority level set in registers A and B (IPRA—IPRB). The order of
priority of the on-chip supporting module is set to zero by areset.
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When the priorities for multiple interrupt sources are set to the same level and such interrupts are
generated at the same time, they are handled according to the default order listed in table 6.4.

Updating of interrupt priority level setting registers A and B should only be performed when the
BL hit in the status register (SR) is set to 1. To prevent erroneous interrupt acknowledgment, first
read one or other of the interrupt priority level setting registers, then clear the BL bit to 0. This
will secure the necessary timing internally.

Table 6.4 Interrupt Exception Vectors and Rankings

INTEVT Interrupt IPR (Bit Priority within Default
Interrupt Source Code Priority (Initial Numbers) IPR Setting Priorit
Value) Unit y
NMI H'1CO 16 — — High

IRL  IRL3-IRLO =0000 H200 15 — —
IRL3-IRLO = 0001 H?220 14 — —
IRL3-IRLO = 0010 H240 13 — —
IRL3-IRLO = 0011 H260 12 — —
IRL3-IRLO = 0100 H280 11 — —
IRL3-IRLO = 0101 H'2A0
IRL3-IRLO = 0110 H22CO
IRL3-IRLO = 0111 H'2EO
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 H3CO 1 — —

=
o
|
|

N W |~ OO |N| | ©
|
|

TMUO TUNIO* H'400  0-15 (0) IPRA (15-12) —
TMUL TUNI1* H420  0-15 (0) IPRA (11-8) —
TMU2 TUNI2* H'440  0-15 (0) IPRA (7-4)  High
TMU2 TICPI2*2 H'460  0-15 (0) IPRA (7-4) Low Low
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Table 6.4 Interrupt Exception Vectors and Rankings (cont)

INTEVT Interrupt IPR (Bit Priority within Default
Interrupt Source Code Priority (Initial Numbers) IPR Setting UnitPriority
Value)
RTC ATI*3 H'480 0-15 (0) IPRA (3-0)  High High
RTC PRI*4 H'4A0 0-15 (0) IPRA (3-0) L
RTC CuUI*s H'4CO 0-15 (0) IPRA (3-0)  Low
scl ERI*6 H'4E0 0-15 (0) IPRB (7-4)  High
scl RXI*7 H'500 0-15 (0) IPRB (7-4) ) L
Scl TXI*8 H'520 0-15 (0) IPRB (7-4)
scl TEI*® H'540 0-15 (0) IPRB (7-4)  Low
WDT ITI H'560 0-15 (0) IPRB (15-12) —
REF RCMI*10  H'580 0-15 (0) IPRB (11-8)  High
REF ROVI¥11  H5A0 0-15 (0) IPRB (11-8)  Low Low

Notes: 1. TUNIO-TUNI2: Underflow interrupts, see section 11.
TICPI2: Input capture interrupt, see section 11.
ATI: Alarm interrupt, see section 12.

PRI: Periodic interrupt, see section 12.

CUL: Carry-up interrupt, see section 12.

ERI: Receive error interrupt, see section 13.

RXI: Receive-data-full interrupt, see section 13.
TXI: Transmit-data-empty interrupt, see section 13.
TEI: Transmit-data-end interrupt, see section 13.
10 ITI: Interval timer interrupt, see section 9.

11.RCMI: Compare-match interrupt, see section 10.
12.ROVI: Refresh counter overflow interrupt, see section 10.

‘°9°.\‘F”S”P."°!\’
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6.3 INTC Registers

6.3.1 Interrupt Priority Registers A and B (IPRA—IPRB)

Interrupt priority registers A and B (IPRA and IPRB) are 16-hit read/write registers that set priority
levels from O to 15 for on-chip supporting module interrupts. These registers areinitialized to
H'0000 by areset. They are not initialized in standby mode.

Bit: 15 14 13 12 11 10 9 8
Bit name:
Initial value: 0 0 0 0 0 0 0 0

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

Bit: 7 6 5 4 3 2 1 0
Bit name:
Initial value: 0 0 0 0 0 0 0 0

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

Table 6.5 lists the relationship between the interrupt sources and the IPRA and 1PRB hits.

Table 6.5 Interrupt Request Sourcesand |IPRA-IPRB

Register Bits 15 to 12 Bits 11 to 8 Bits 7 to 4 Bits 3 to 0
IPRA TMUO T™MUL T™MU2 RTC
IPRB WDT REF*! SCl Reserved *2

Notes: 1. REF is the memory refresh unit in the bus state controller. See section 10, Bus State
Controller, for details.

2. Reserved bits: Always read 0. Only 0 should be written.

Aslisted in table 6.5, four sets of on-chip supporting modules 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 set with values from H'0
(0000) to H'F (1111). Setting H'0 means priority level 0 (masking is requested); H'F is priority
level 15 (the highest level).
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6.3.2 Interrupt Control Register (ICR)

ICR isa 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 isinitialized by a power-on
reset or manual reset. It is not initialized in standby mode.

Bit: 15 14 13 12 11 10 9 8
Bit name:  NMIL — — — — — — NMIE
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
Bit name: — — — — — — — —
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): Setsthe level of the signal input at the NMI pin. This bit can
be read to determine the NMI pin level. It 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 falling or rising edge of the interrupt request
signal to the NMI is detected.

Bit 8: NMIE Description

0 Interrupt request is detected on the falling edge of NMI input
(Initial value)

1 Interrupt request is detected on rising edge of NMI input

Bits 14-9 and 7-0—Reserved: These bits always read 0. The write value should aways be 0.
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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. Theinterrupt request sources send interrupt request signals to the interrupt controller.

2. Theinterrupt controller selects the highest priority interrupt from the interrupt requests sent,
following the priority levels set in interrupt priority registers A and B (IPRA and IPRB).
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) is
selected.

3. 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
is higher than the level in bits 1310, the interrupt controller accepts the interrupt and sends an
interrupt request signal to the CPU. When the interrupt controller receives an interrupt, alow
level is output from the IRQOUT pin.

The CPU receives an interrupt at a break in instructions.

Theinterrupt source code is set in the interrupt event register (INTEVT).

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 jumpsto 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 enablesit to
branch to the handling routine for the individual interrupt source.

© N o oA

Notes: 1. Theinterrupt mask bits (13-10) in the status register (SR) are not changed by acceptance
of an interrupt in the SH7708 Series.
2. TRQOUT outputs alow level until the interrupt request is cleared. However, if the
interrupt source is masked by an interrupt mask bit, the IRQOUT pin returns to the
high level. The level is output without regard to the BL hit.

3. Theinterrupt 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 interrupt source flag after it has been cleared, then wait for the interval shownin
table 6.6 (Time for priority decision and SR mask hit comparison) before clearing the
BL bit or executing an RTE instruction.
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6.4.2 Multiple Interrupts

When handling multiple interrupts, an interrupt handler should include the following procedures:

1.

L

Branch to a specific interrupt handler corresponding to acode set in INTEVT. The codein
INTEVT 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 memory.

Clear the BL hit in SR, and set the accepted interrupt level in the interrupt mask bitsin 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 operation
flowchart.

119
HITACHI



6.5 Interrupt Response Time

The time from generation of an interrupt request until interrupt exception handling is performed
and fetching of the first instruction of the exception handler is started (the interrupt response time)
is shown in table 6.6. Figure 6.4 shows an example of pipeline operation when an IRL interrupt
is accepted. When SR.BL is 1, interrupt exception handling is masked, and is kept waiting until

completion of an instruction that clears BL to 0.

Table 6.6 Interrupt Response Time

Number of States

Iltem NMI IRL

Supporting
Modules

Notes

Time for priority 0.5 x Icyc 0.5 x Icyc
decision and SR mask + 0.5 x Bcyc + 0.5 x Beyc
bit comparison + 0.5 x Pcyc + 2 x Pcyc

0.5 x Icyc
+ 1.5 x Pcyc

Wait time untilend of X (=0) xIcyc X (=0) x Icyc
sequence being
executed by CPU

X (= 0) xIcyc

Interrupt exception
handling is kept waiting
until the executing
instruction ends. If the
number of instruction
execution states is S*1,
the maximum wait time
is:

X =S - 1. However, if BL
is set to 1 by instruction
execution or by an
exception, interrupt
exception handling is
deferred until
completion of an
instruction that clears
BL to 0. If the following
instruction masks
interrupt exception
handling, the handling
may be further deferred.

Time from interrupt 5 x Icyc 5 x Icyc
exception handling

(save of SR and PC)

until fetch of first

instruction of

exception handler is

started

5 x Icyc
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Table 6.6 Interrupt Response Time (cont)

Number of States

Peripheral
Iltem NMI RL Modules Notes
Response Total 5.5+ X) xlcyc (5.5+X) xlIcyc (5.5+ X) xIcyc
time + 0.5 x Beyc + 0.5 x Beyc + 1.5 x Pcyc
+ 0.5 x Pcyc + 2 x Pcyc
Minimum 6.5 8 7 At 60 MHz operation:
case*2 0.10-0.14 ps
Maximum 7+S 13+S 105+S At 60 MHz operation:
case*3 0.23-0.34 ps (in case of

operand cache-hit)

At 60 MHz operation:
0.27-0.37 us (when
external memory
access is performed
with wait = 0)

Icyc: Duration of one cycle of internal clock supplied to CPU, etc.
Bcyc: Duration of one CKIO cycle
Pcyc: Duration of one cycle of peripheral clock supplied to supporting 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 7 instruction execution cycles. When
external access is performed, the corresponding number of cycles must be added.
There are also instructions that perform two external memory accesses; if external
memory access is slow, the number of instruction execution cycles will increase
accordingly.
2. The internal clock : CKIO : peripheral clock ratiois 1 : 1: 1.
3. The internal clock : CKIO : peripheral clock ratiois 1 : 1 : 1/4.
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IRL

Instruction (instruction
replaced by interrupt | IF | ID | EX | EX | EX | EX
exception handling) '

Interrupt Start of interrupt
acceptance handling

0.5 x Icyc
+ 0.5 x Beyc
+ 2 x Pcyc

- 5 x Icyc

A

Overrun fetch IF
First instruction of interrupt m-
handler IF EX

IF:
ID:
EX:

Instruction fetch ... Instruction is fetched from memory in which program is stored.
Instruction decode ... Fetched instruction is decoded.

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 (UBC)

7.1 Overview

The user break controller (UBC) provides functions that simplify program debugging. These
functions make it easy to design an effective self-monitoring debugger, enabling programs to be
debugged in the chip alone, without using an in-circuit emulator. Break conditions that can be set
in the UBC are instruction fetch or data read/write, data size, data content, address value, and stop
timing during instruction fetches.

7.1.1 Features
The features of the user break controller are listed below.

» Two break channels (channel A and channel B). User break interrupts can be requested using
either independent or sequential condition for the two channels (sequentia breaks are channel A,
then channel B).

» Selection and setting of the following as break compare conditions:

0 Address

Selection of 32-bit logical address and ASID to be compared

Address: Compare all bits, mask bottom 10 bits, mask bottom 12 bits. mask all bits

ASID: Compare all bits'mask all bits

Data (channel B only, 32-hit maskable)

Bus cycle: Instruction fetch/data access

Read/write

Operand size: byte/word/longword

« Theinstruction fetch cycle break can be performed before or after the instruction is executed.

» User break trap generated when break conditions are satisfied. A user-designed user break trap
routine can be run.

U
g
U
g

7.1.2 Block Diagram

Figure 7.1 showsthe logical block diagram of the user break controller.
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Access Address

control bus Channel A Data bus
b 2
l > Access < BBRA |« »>
comparator
< BARA nilg
Address | P N
comparator |- BASRA |« g
‘_
< BAMRA |« >
Channel B
»| Access |« BBRB [«
o comparator
< BARB Rilg
Address
comparator [~ BASRB |« i
‘_
< BAMRB |« >
> Data < BDRB <>
\ comparator
< BDMRB >
BBRA:  Break bus cycle register A
BARA: Break address register A
BASRA: Break ASID register A
BAMRA: Break address mask register A
BBRB: Break bus cycle register B B _ |
BARB: Break address register B —>| Control BRCR < g
BASRB: Break ASID register B
BAMRB: Break address mask register B A
User break

BDRB: Break data register B
BDMRB: Break data mask register B
BRCR: Break control register

trap request

Figure 7.1  Logical Block Diagram of User Break Controller
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7.1.3 Register Configuration
Table 7.1 shows the user break controller registers.

Table 7.1 UBC Registers

Channel Register Initial Value*! Access Size Access Address R/W
A BARA Undefined Longword H'FFFFFFBO RIW
BASRA Undefined Byte HFFFFFFE4 RIW
BAMRA Undefined Byte HFFFFFFB4 RIW
BBRA H'0000*2 Word H'FFFFFFB8 RIW
B BARB Undefined Longword HFFFFFFAO R/W
BAMRB Undefined Byte HFFFFFFA4 RIW
BASRB Undefined Byte H'FFFFFFES RIW
BBRB H'0000*2 Word HFFFFFFA8 RIW
BDRB Undefined Longword H'FFFFFF90 RIW
BDMRB Undefined Longword HFFFFFF94 RIW
Common BRCR H'0000*2 Word H'FFFFFF98 RIW

Notes: 1. Value is retained in standby mode.
2. |Initialized by power-on reset or manual reset.

7.1.4 Break Conditions and Register Settings
The relationship between break conditions and register settingsis asfollows:

1. Break conditions for channel A or B are set in the respective registers.

2. The addressisset inthe BARA or BARB register. ASID is set in the BASRA or BASRB
register. Whether the address isincluded in the break conditions, or whether or not masking is
to be performed, is set in the BAMA or BAMB hit of the BAMRA or BAMRB register. If
ASID isincluded in the conditions, thisis set in the BASMA or BASMB bit of the BAMRA
or BAMRB register.

3. Buscycle break conditions are set in the BBRA or BBRB register. Settings are instruction fetch
or data access, read or write, and data access size. In the case of an instruction fetch, whether the
break is to be made before or after instruction execution is set in the PCBA or PCBB hit of the
BRCR register.

4. For channel B, data can be included in the break conditions. Datais set in the BDRB register. If
dataisto be masked, it is set in the BDMRB register. Datainclusion in or exclusion from
break conditionsis set in the DBEB hit of the BRCR register.
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5. Sequential use of channels A and B is set in the SEQ bit of the BRCR. When sequential use is
designated, a user break occurs when the channel B conditions are matched after matching of
channel A conditions.

6. When a user break occurs, the CMFA and CMFB hitsin the BRCR register are setto 1. If a
break isto be generated again, the CMFA and CMFB bits should be cleared to 0.

7.2 UBC Register Functions

7.2.1 Break Address Register A (BARA)

Bit:
Bit name:

Initial value:
R/W:

Bit:
Bit name:

Initial value:
R/W:

Bit:
Bit name:

Initial value:
R/W:

Bit:
Bit name:

Initial value:
R/W:

31 30 29 28 27 26 25 24
BAA31 BAA30 BAA29 BAA28 BAA27 BAA26 BAA25 BAA24
RW R/W R/W R/W R/W R/W RW RW
23 22 21 20 19 18 17 16
BAA23 BAA22 BAA21 BAA20 BAAl19 BAA18 BAAl7 BAAl6
RW R/W RW RW R/W R/W RW RW
15 14 13 12 11 10 9 8
BAA15 BAAl14 BAAl13 BAA12 BAAll BAlO BAA9  BAAS
RW R/W RW RW R/W R/W RW RW
7 6 5 4 3 2 1 0
BAA7 BAA6  BAAS BAA4  BAA3 BAA2 BAA1  BAAO
RW R/W RW RW R/W R/W RW RW

Break addressregister A (BARA) isa 32-bit read/write register that stores the virtual address of the
channel A break condition. It is not initialized by a reset.

Bits 31 to 0—Break Address A31 to 0 (BAA31 to BAAOQ): These bits store the virtual address of

the channel A break condition.

7.2.2 Break Address Register B (BARB)

BARB isthe break address register for channel B. The bit configuration is the same as for BARA.
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7.2.3 Break ASID Register A (BASRA)

Bit: 7 6 5 4 3 2 1 0
Bit name: BASA7 BASA6 BASA5 BASA4 BASA3 BASA2 BASAl BASAO0

Initial value: — — — — — — — _
R/W: R/W R/W R/W R/W R/W R/W R/W R/W

Break ASID register A (BASRA) specifiesthe ASID that serves as the break condition for channel
A. It iscompared to the ASID field of the MMU's PTEH register. BASRA is an 8-bit read/write
register. It isnot initialized by areset.

Bits 7 to 0—Break ASID A7 to 0 (BASA7 to BASAOQ): These hits store the ASID (bits 7 to 0)
that is the channel A break condition.

7.2.4 Break ASID Register B (BASRB)

BASRB isthe break ASID register for channel B. The bit configuration is the same as for
BASRA.

7.2.5 Break Address Mask Register A (BAMRA)

Bit: 7 6 5 4 3 2 1 0
Bit name: — — — — — BASMA BAMA1l BAMAO
Initial value: 0 0 0 0 0 — — —

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

Break address mask register A (BAMRA) is an 8-bit read/write register that specifies which bitsin
the break ASID specified in BASRA and which bitsin the break address specified in BARA are
masked. It is not initialized by areset.

Bits 7 to 3—Reserved: These bits dways read 0. The write value should always be 0.

Bit 2—Break ASID Mask A (BASMA): Indicates whether the bits of the channel A breakpoint
ASID7 to ASIDO (BASA7 to BASAO) set in BASRA are masked.

Bit 2: BASMA Description

0 BASRA not masked; all bits included in break condition.

1 All BASRA bits masked; ASID not included in break condition.
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Bits 1 and 0—Break AddressMask A1 and A0 (BAMA1 and BAMAUOQ): These hits indicate which
of the channel A break address bits 31-0 (BAA31-BAAOQ) set in BARA are masked.

Bit 1: BAMA1l Bit O: Description
BAMAO
0 0 BARA not masked; all bits included in break condition.
0 1 Lowest 10 bits masked and excluded from break condition.
1 0 Lowest 12 bits masked and excluded from break condition.
1 1 All BARA bits masked; address not included in break
condition.

7.2.6 Break Address Mask Register B (BAMRB)

BAMRB isthe break address mask register for channel B. The bit configuration is the same as for
BAMRA.

7.2.7 Break Bus Cycle Register A (BBRA)

Bit: 15 14 13 12 11 10 9 8
Bit name: — — — — — — — —
Initial value: 0 0 0 0 0 0 0 0
R/W:
Bit: 7 6 5 4 3 2 1 0
Bit name: — — IDAL IDAO RWAl1 RWAO SZA1 SZAO0
Initial value: 0 0 0 0 0 0 0 0
R/W: R R R/W R/W RW RW RW RW

The break bus cycleregister A (BBRA) is a 16-hit read/write register that sets the following three
channel A break conditions for channel A: (1) instruction fetch/data access, (2) read/write, and (3)
operand size. A reset initializes BBRA to H'0000.

Bits 15 to 6—Reserved: These bits always read 0. The write value should always be 0.
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Bits 5 and 4—Instruction Fetch/Data Access Select A (IDA1 and IDAO): These hits select whether
to break channel A on instruction fetch and/or data access cycles.

Bit 5: IDA1 Bit 4: IDAO Description

0 0 No conditions compared (Initial
value)
1 Break on instruction fetch cycle
1 0 Break on data access cycle

Break on either instruction fetch or data access cycle

Bits 3 and 2—Read/Write Select A (RWA1 and RWADOQ): These bits select whether to break
channel A on read and/or write cycles.

Bit 3: RWA1l Bit 2. RWAO Description

0 0 No conditions compared (Initial
value)

Break on read cycles

1 0 Break on write cycles

Break on both read and write cycles

Bits 1 and 0—Operand Size Select A (SZA1 and SZA0): These bits select the bus cycle operand
size asachannel A break condition.

Bit 1: SZA1l Bit 0: SZAO Description

0 0 Operand size is not a break condition (Initial
value)

Break on byte access

1 0 Break on word access

1 Break on longword access

7.2.8 Break Bus Cycle Register B (BBRB)

BBRB isthe break bus cycle register for channel B. The bit configuration is the same as for
BBRA.
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7.2.9 Break Data Register B (BDRB)

Bit:
Bit name:

Initial value:
R/W:

Bit:
Bit name:

Initial value:
R/W:

Bit:
Bit name:

Initial value:
R/W:

Bit:
Bit name:

Initial value:
R/W:

31 30 29 28 27 26 25 24
BDB31 BDB30 BDB29 BDB28 BDB27 BDB26 BDB25 BDB24
RW R/W R/W R/W R/W R/W RW RW
23 22 21 20 19 18 17 16
BDB23 BDB22 BDB21 BDB20 BDB19 BDB18 BDB17 BDB16
RW R/W RW RW R/W R/W RW RW
15 14 13 12 11 10 9 8
BDB15 BDB14 BDB13 BDB12 BDB11 BDB10 BDB9 BDBS8
RW R/W RW RW R/W R/W RW RW
7 6 5 4 3 2 1 0
BDB7 BDB6 BDB5S BDB4  BDB3 BDB2 BDB1 BDBO
RW R/W RW RW R/W R/W RW RW

Break dataregister B (BDRB) isa 32-bit read/write register that specifies the data that is the break

condition for channel B data breaks. BDRB is not initialized by areset.

BDRB Bits 31 to 0—Break Data B31 to BO (BDB31 to BDBO): These hits store the data that is the
break condition for break channel B.

When byte access has been specified by the SZB bit in the BBRB register, set the same byte data
in bits BDB15-BDB8 as has been set in bits BDB7-BDBO. Bits BDB31-BDB16 are ignored when
either byte or word access is specified. When the instruction fetch cycle is specified as a channel B
break condition, or when the data busis not included in the conditions according to the DBEB bit
specification in BRCR (0), the BDRB value is ignored.
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7.2.10 Break Data Mask Register B (BDMRB)

Bit: 31 30 29 28 27 26 25 24
Bitname: BDM31 BDM30 BDM29 BDM28 BDM27 BDM26 BDM25 BDM24

Initial value: — — — — — — — _
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
Bitname: BDM23 BDM22 BDM21 BDM20 BDM19 BDM18 BDM17 BDM16

Initial value: — — — — — — — _
R/W: R/W R/W R/W R/W R/W R/W R/W R/W

Bit: 15 14 13 12 11 10 9 8
Bit name: BDM15 BDM14 BDM13 BDM12 BDM11 BDM10 BDM9 BDMS8

Initial value: — — — — — — — _
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
Bit name: BDM7 BDM6  BDM5 BDM4  BDM3 BDM2 BDM1  BDMO

Initial value: — — — — — — _ _
R/W: R/W R/W R/W R/W R/W R/W R/W R/W

Break data mask register B (BDMRB) is a 32-bit read/write register that determines which of the
bits in the break address set in BDRB are masked. BDMRB is not initialized by a reset.

BDMRB Bits 31 to 0—Break Data Mask B31 to BO (BDMB31 to BDMBO): These bits specify
whether bits B31-B0 (BDB31 to BDBO) of the channel B break data set in BDRB are masked. Set
the same valuesin BDMB15-BDMB8 as are set in BDMB7-BDMB 0.

Bits 31-0: BDMBn Description
0 Channel B break data bit BDBn is included in the break condition.

1 Channel B break data bit BDBn is masked and therefore not included in
the break condition.

n=31to0

Notes: 1. When the data bus value is contained in the break conditions, specify the operand size.
2. For byte data, set the same data in bits 0—7 and bits 8-15 of BDRB and BDMRB.
3. Bits 31-16 of BDRB and BDMRB are ignored for byte and word sizes.
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7.2.11 Break Control Register (BRCR)

Bit: 15 14 13 12 11 10 9 8

Bitname: CMFA  CMFB — — — PCBA — —

Initial value: 0 0 0 0 0 0 0 0
R/W: R/W R/W R R R RW

Bit: 7 6 5 4 3 2 1 0

Bit name: DBEB PCBB — — SEQ — — —

Initial value: 0 0 0 0 0 0 0 0

R/W: RW R/W R R RW

The break control register (BRCR) is a 16-bit read/write register that controls user breaks.
BRCR:

1. Determines whether to use channels A and B as two independent channels or as sequential
conditions.

2. Selectswhether to break before or after instruction execution during the instruction fetch cycle.
3. Determines whether to include the BDRB register in the channel B comparison conditions.

It aso has a condition-match flag. A power-on or manual reset initializes BRCR to H'0000.

Bit 15—Condition Match Flag A (CMFA): Set to 1 when the break conditions set in channel A
are met. Not cleared to 0. To check aflag setting after it has been set, clear it by writing O.

Bit 15: CMFA Description

0 Channel A break conditions do not match. (Initial
value)

1 Channel A break conditions match.

Bit 14—Condition Match Flag B (CMFB): Set to 1 when the break conditions set in channel B are
met. Not cleared to 0. To check a flag setting after it has been set, clear it by writing O.

Bit 14: CMFB Description

0 Channel B break conditions do not match. (Initial
value)

1 Channel B break conditions match.

Bits 13 to 11—Reserved: These bits always read 0. The write value should always be 0.
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Bit 10—PC Break Select A (PCBA): Selects whether to place the channel A instruction fetch cycle
break before or after instruction execution.

Bit 10: PCBA Description
0 Places the channel A PC break before instruction execution.
(Initial
value)
1 Places the channel A PC break after instruction execution.

Bits 9 and 8—Reserved: These bits aways read 0. The write value should always be 0.

Bit 7—Data Break Enable B (DBEB): Selects whether to include data bus conditions in the channel
B break conditions.

Bit 7: DBEB Description
0 Do not include data bus conditions in the channel B conditions.
(Initial
value)
1 Include data bus conditions in the channel B conditions.

Note: When the data bus is not included in the break conditions, the IDB1 and IDBO bits of break
bus cycle register B (BBRB) should be 10 or 11.

Bit 6—PC Break Select B (PCBB): Selects whether to place the channel B instruction fetch cycle
break before or after instruction execution

Bit 6: PCBB Description
0 Places the channel B PC break before instruction execution.
(Initial
value)
1 Places the channel B PC break after instruction execution.

Bits 5 and 4—Reserved: These bits aways read 0. The write value should always be 0.

Bit 3—Sequence Condition Select (SEQ): Selects whether to handle the channel A and B
conditions independently or sequentially. When set for sequential, the CMFB flag is set when the
channel B condition is matched after the channel A condition has already been matched.

Bit 3: SEQ Description

0 Compare channel A and B conditions independently. (Initial
value)

1 Compare channel A and B conditions sequentially (channel A, then
channel B).
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Bits 2 to 0—Reserved: These bits aways read 0. The write value should always be 0.

7.3 UBC Operation

7.3.1 User Break Operation Flow

The flow from break condition setting to user break trap processing is as follows:

1.

In the break conditions, set the break address in the break address register for the relevant
channel (BARA or BARB), the ASID corresponding to the break space in the break ASID
register (BASRA or BASRB), and the address and ASID masking method in the bresk address
masking register (BAMRA or BAMRB). If the data bus value isincluded in the break
conditions, set the break datain the break data register (BDRB) and the data mask in the break
data mask register (BDMRB).

Set the break bus conditions in the break bus cycle register (BBRA or BBRB). If 00 is set for
even one set out of BBRA/BBRB register instruction fetch/data access select and read/write
select, a user trap break will not be generated in the corresponding channel.

Set such specifications as pre- or post-execution in the case of instruction fetch, whether the
data bus value is to be included in the conditions in the case of data access, and independent or
sequential conditions for channels A and B, in the break control register (BRCR).

Set the BBRA and BBRB registers only after all other break-related register settings have been
completed. If break enabling is set with the BBRA and BBRB registers while the break address,
data, mask, and other registers are still in their initial post-reset state, a break may occur
inadvertently.

When a condition is matched, the condition match flag for the relevant channel (CMFA or
CMPB) is set. Thisflag is set by a condition match but is not reset. To confirm setting of the
same flag again, therefore, it should first be cleared to 0.

When sequential conditions are set, a break is made at the instruction matched by channel B
when the channel B condition is matched after matching of the channel A condition. No break
ismade if the channel B set condition is matched before or at the same time as the channel A
condition.

With sequential conditions, the condition match flag is set only for channel B, and not for
channel A.
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7.3.2 Instruction Fetch Cycle Break

1. Making an instruction fetch/read/word setting made in the break bus cycle register
(BBRA/BBRB) enables an instruction fetch cycle to be set as abreak condition. In this case,
pre- or post-execution of the instruction can be selected by means of bit PCBA/PCBB in the
break control register (BRCR).

2. When instructions are fetched consecutively, 32 bits (two instructions) are fetched in one bus
cycle. In this case, athough only one bus cycleis generated, breaks can be set for both
instructions by setting the start addresses of the respective instructions in the break address
registers (BARA and BARB).

3. With an instruction subject to a pre-execution break, the break is executed when it has been
confirmed that the instruction has been fetched and isto be executed. Consequently, an overrun-
fetched instruction (an instruction fetched but not executed in the event of abranch or
exception) cannot be subject to a break. If an exception when an instruction subject to a break
is fetched, exception processing is performed first, and the break is executed only when the
instruction is re-executed.

Since a delayed branch instruction and delay slot instruction are executed as a single instruction,
if apre-execution condition is specified for the delay slot instruction, a break is made before
execution of the delayed branch instruction. However, a pre-execution break condition cannot be
specified for an RTE instruction delay slot instruction.

4. With a post-execution condition, the instruction set as the break condition is executed and a
break trap is generated before the next instruction is executed. In the same way, abreak cannot
be specified for an overrun-fetch instruction. When a post-execution condition is set for a
delayed branch instruction, similarly, the break is made after executing the delay slot and before
executing the instruction at the branch destination.

5. When aninstruction fetch cycleis set for channel B, break dataregister B (BDRB) isignored.
Therefore, break data need not be set for an instruction fetch cycle break.

6. Instruction fetch cycle breaks cannot be specified consecutively for a delayed branch instruction
and itsdelay dot.
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7.3.3 Data Access Cycle Break

1. Inthe case of adata access cycle break, the bits used for comparison with the address bus
depend on the break bus cycle register (BBRA/BBRB) operand size specification, as follows:
Operand size Compared address
Not included in conditions (00):  For byte address, comparison with address bits A31-A0

For word address, comparison with address bits A31-A1
For longword address, comparison with address bits

A31-A2
Byte (01): Comparison with address bits A31-A0
Word (10): Comparison with address bits A31-Al
Longword (11): Comparison with address bits A31-A2

2. When datavalueisincluded in break condition in channel B
When the data value isincluded in the break conditions, set the DBEB bit in the break control
register (BRCR) to 1. In this case, break dataregister B (BDRB) and break data mask register B
(BDMRB) settings are needed in addition to the address condition. A user break trap is generated
on amatch of the address condition and the data condition.
Bits IDB1 and IDBO of break bus cycle register B (BBRB) should be set to 00 or 0O1.
When byte data is specified, set the same data in the two bytes comprising bits 15-8 and bits
7-0in break dataregister B (BDRB) and break mask register B (BDMRB). If word or byteis
designated, bits 31-16 of BDRB and BDMRB are ignored.
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7.3.4 Saved Program Counter (PC) Value

1. When instruction fetch (pre-execution) is set as break condition

The program counter (PC) value saved in the SPC in user break interrupt handling isthe
address of the instruction for which the break condition matched. In this case, the fetched
instruction is not executed, due to the user break interrupt generated prior to its execution. In
the fetch cycle of an instruction located in the delay slot of a delayed branch instruction, a break
is generated before the branch, so that the SPC value indicates the delayed branch instruction.

2. When instruction fetch (post-execution) is set as break condition
The program counter (PC) value saved in the SPC in user break interrupt processing is the
address of the next instruction to be executed after the instruction for which the break condition
matched. In this case, the fetched instruction is executed, and a user break trap occurs before
execution of the next instruction. When a delayed branch instruction is designated, the delay
slot instruction is executed and a user break occurs before execution of the instruction at the
branch destination. In this case, the PC value saved in the SPC is the address of the branch
destination instruction.

3. When data access (address only) is set as break condition
The value saved is the address of the next instruction to be executed after the instruction for
which the condition matched. The condition-matching instruction is executed, and a user break
trap occurs before execution of the next instruction.

4. When data access (address + data) is set as break condition
The value saved is the start address of the next instruction after the instruction for which
execution has been completed when user break trap processing isinitiated. When adatavalueis
set as a break condition, the point at which the break is to be made cannot be specified. A break
is executed before execution of the instruction fetched around the time of the break data access.

7.3.5 Examples of Use
Register settings, set conditions, and states in which the set conditions are matched, are as follows:

1. Instruction fetch cycle break condition setting (independent channel A and B conditions)

BRCR = H'0400: Independent channel A and B conditions, post-execution for channel A, pre-
execution for channel B

Channel A: BASRA =H'80: ASID H'80
BARA = H'00000404:  Address H'00000404
BAMRA = H'00: Address mask H'00
BBRA = H'0014: Bus cycle, instruction fetch (post-execution),

read (operand size not included in conditions)

Channel B: BASRB = H'70: ASID H'70
BARB = H'00008010:  Address H'00008010
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2.

138

BAMRB = H'02:
BBRB = H'0014:

BDRB = H'00000000:

Addressmask H'02

Bus cycle, instruction fetch (pre-execution),
read (operand size not included in conditions)
Data H'00000000

BDMRB = H'00000000: Datamask H'00000000

A user break is generated after execution of the instruction at address H'00000404 with ASID=
H'80, or before execution of instructions at addresses H'00008000 to H'000083FE with ASID =

H'70.

Instruction fetch cycle break condition setting (independent channel A and B conditions)

BRCR = H'0080: Channel A — channel B sequential conditions, pre-execution for channel A,
pre-execution for channel B

Channdl A:

Channel B:

BASRA = H'80:
BARA = H'00037226:
BAMRA = H'00:
BBRA = H'0016:

BASRB = H'70:
BARB = H'0003722E:
BAMRB = H'00:
BBRB = H'0016:

BDRB = H'00000000:

ASID H'80

Address H'00037226

Addressmask H'00

Bus cycle, instruction fetch (pre-execution),
reed, word

ASID H'70

Address H'0003722E

Addressmask H'00

Bus cycle, instruction fetch (pre-execution),
reed, word

Data H'00000000

BDMRB = H'00000000: Datamask H'00000000

A user break is generated before execution of the instruction at address H'0003722E with ASID
= H'70, after execution of the instruction at address H'00037226 with ASID = H'80.

. Data access cycle break condition setting

BRCR = H'0080: Independent channel A and B conditions, data break enable

Channel A:

Channel B:

BASRA = H'80:
BARA = H'00123456:
BAMRA = H'00:
BBRA = H'0024:

BASRB = H'70:

BARB = H'000ABCDE:
BAMRB = H'02:
BBRB = H'002A:
BDRB = H'0000A512:

BDMRB = H'00000000:

ASID H'80

Address H'00123456

Address mask H'00

Bus cycle, data access, read (operand size not
included in conditions)

ASID H'70

Address H'0O00ABCDE

Addressmask H'02

Bus cycle, data access, write, word
Data H'0000A512, (data break enable)
Data mask H'00000000
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For channel A, a user break trap occurs when ASID = H'80 and alongword read is performed at
address H'00123454, aword read is performed at address H'00123456, or abyteread is
performed at address H'00123456.
For channel B, auser break trap occurs when ASID = H'70 and H'A512 is written anywhere in
addresses H'000AB000 to H'000ABFFE.
Instruction fetch cycle break condition setting (example of setting error)

BRCR = H'0000: Independent channel A and B conditions, pre-execution for channel A, pre-

execution for channel B

Channel A: BASRA =H'80: ASID H'80
BARA =H'00027128  Address H'00027128
BAMRA = H'00: Addressmask H'00
BBRA =H'001A: Bus cycle, instruction fetch (pre-execution),
write, word
Channel B: BASRB = H'70: ASID H'70
BARB = H'00031415 Address H'00031415
BAMRB = H'00: Addressmask H'00
BBRB = H'0014: Bus cycle, instruction fetch (pre-execution),

read, (operand size not included in conditions)
BDRB = H'00000000:  Data H'00000000
BDMRB = H'00000000: Datamask H'00000000

For channel A, auser break trap does not occur since an instruction fetch is not awrite cycle.

For channel B, a user break trap does not occur since an instruction fetch is performed on an
even address.

.3.6 Cautions

If pre-execution is specified for one channel and post-execution for the other for the same
address, a pre-execution break will be generated but the condition match flag will be set for
both channels.

Do not set consecutive PC breaks for a delayed branch instruction and a delay slot instruction.
If a PC break (post-execution condition) is set for the TRAPA instruction, the condition match
flag will be set but a break will not be executed. The TRAP instruction will be processed
correctly.

If data access (address + data) is set as a break condition, and an exception is generated by the
instruction (including the delay slot for adelayed branch instruction) following that at which
that break condition was matched, the condition match flag will be set but a break will not be
executed. The exception generated after the break will be processed correctly.
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5. If data access (address + data) is set as a break condition, and the instruction following that at
which that break condition was matched is a SLEEP instruction, the condition match flag will
be set but a break will not be executed. The SLEEP instruction will be processed correctly.

6. If aninstruction fetch (halt after execution) is set as a break condition, and a nonmaskable
interrupt is detected at the instruction following that at which that break condition was
matched, the condition match flag will be set but a break will not be executed. The
nonmaskable interrupt will be processed correctly.

7. When a sequential break setting is made, a condition match occurs on a channel B matchin a
bus cycle after that in which achannel A match occurred. Therefore, a condition match will not
be recognized if bus cycles occurring simultaneously in channel A and B are designated. Also,
since the CPU has a pipeline structure, the order of instruction fetch and data access cyclesis
determined by the pipeline. With sequential conditions, therefore, the sequential conditions will
be taken as being matched as long as the respective channel conditions match in the order in
which the bus cycles occur.

8. With an emulator, the UBC is used on the emulator system side in order to implement the
emulator’s break functions. Consequently, no UBC functions can be used when an emulator is
used.
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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 SH7708 Series have the following power-down modes:

Sleep mode

Standby mode

Module standby function (TMU, RTC, and SCI on-chip supporting modules)
Hardware standby mode (SH7708S, SH7708R only)

P owbdpE

Table 8.1 shows the transition conditions for entering the modes from the program execution state,
aswell as the CPU and supporting module states in each mode and the procedures for canceling
each mode.
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Table 8.1 Power-Down Modes

State
CPU On-Chip
Transition Reg- On-ChipPeriphera ExternalCanceling
Mode Conditions CPG CPU ister Memory | ModulesPins 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 0in STBCR held)
Standby Execute SLEEP Halts Halts Held Held Halts** Held Self- 1. Interrupt
mode instruction with (Reg- refresh 2. Reset
STBY bitsetto 1 ister
in STBCR held)
Hardware Drive CA pin Halts Halts Held Held Halts*® Held Self- Power-on
standby low (Reg- refresh  reset
mode ister
held)
Module Set MSTP bit of Runs Runs Held Held Specified **  Refresh 1. Clear
standby STBCRto 1 module MSTP bit
halts to 0

2. Reset

Notes: 1. The RTC still runs if the START bit in RCR2 is set to 1 (see section 12, Realtime Clock
(RTC)). TMU still runs when output of the RTC is used as input to its counter (see
section 11, 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 (see section 12, Realtime Clock
(RTC)). The TMU does not run.

8.1.2 Register Configuration
Table 8.2 shows the configuration of the control register for the power-down modes.
Table 8.2 Register Configuration

Name Abbreviation R/W Initial ValueAddress Access Size
Standby control register  STBCR R/W H'00* HFFFFFF82 Byte

Note: Initialized by a power-on reset. In a manual reset, the register contents are retained.
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8.1.3 Pin Configuration
Table 8.3 lists the pins used for the power-down modes.

Table 8.3 Pin Configuration

Processing Processing Processor
Status 1 Pin (STATUS1) Status 0 Pin (STATUSOQ) 1/0 Operating Status
High High (0] Reset

Low Sleep mode
Low High Standby mode

Low Normal operation

Note: The “normal operation” status applies during refresh cycles even in sleep mode.

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. STBCR isinitialized 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
Bit name: STBY — — — — MSTP2 MSTP1 MSTPO
Initial value: 0 0 0 0 0 0 0 0
R/W: RW R R R R R/W R/W 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—Reserved: These bits aways read 0. The write value should always as 0.
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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.

Bit 1—Module Standby 1 (MSTP1): Specifies halting the clock supply to the realtime clock RTC
(an on-chip supporting module). When the MSTP1 hit 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 keeps
running.

Bit 1: MSTP1 Description

0 RTC runs. (Initial
value)

1 Clock supply to RTC is halted.

Bit 0—Module Standby 0 (MSTPO): Specifies halting the clock supply to the serial
communication interface SCI (an on-chip supporting module). When the MSTPO bit is set to 1,
the 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.
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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 itsinternal registers remain unchanged. The on-chip
supporting modules continue to run during sleep mode and the clock continues to be output to the
CKIO pin. In sleep mode, the STATUSL pin is set high and the STATUSO pin low. However,
during arefresh cycle, the STATUSL pin and STATUSO pin are both set low.

8.3.2 Canceling Sleep Mode

Sleep mode is canceled by an interrupt (NMI, IRL, on-chip supporting module) or reset. Interrupts
are accepted during sleep mode even when the BL bit in the SR register is 1.

Canceling with an Interrupt: When an NMI, IRL or on-chip supporting module interrupt
occurs, deep mode is canceled and interrupt exception handling is executed. A code indicating the
interrupt sourceis set inthe INTEVT register.

Canceling with a Reset: Sleep mode is canceled by a power-on reset or a manual reset.
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.
The 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 supporting
modules as well. The clock output from the CKIO pin also halts. CPU and cache register contents
are held, but some on-chip supporting modules are initialized. Table 8.4 lists the states of registers
in standby mode.
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Table 8.4 Register States in Standby Mode

Module Registers Initialized Registers Retaining
Data

Interrupt controller — All registers

Break controller — All registers

Bus state controller — All registers

On-chip clock pulse generator — All registers

Timer unit TSTR register Registers other than TSTR
Realtime clock — All registers

The procedure for moving to standby mode is as follows:

1. Clear the TME bhit in the WDT’ s timer control register (WTCSR) to 0 to stop the WDT. Set
the WDT’s timer counter (WTCNT) and the CKS2—CK S0 hits of the WTCSR register to
appropriate values to secure the specified oscillation settling time.

2. When PLL circuit 1 isrunning in clock modes 3-6, clear the PSTBY and PLLEN bits in the
frequency control register (FRQCR) to 0 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 STATUSI pin output
goes low and the STATUSO pin output goes high.

8.4.2 Canceling Standby Mode
Standby mode is canceled by an interrupt (NMI, IRL, or on-chip supporting modul€) or a reset.

Canceling with an Interrupt: The on-chip WDT can be used for hot starts. When the chip
detects an NMI, IRL,* L or on-chip supporting module (except the interval timer)*2 interrupt, 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 handling then begins and a code indicating the interrupt sourceis set inthe INTEVT
register. Interrupts are accepted during standby mode even when the BL bit in the SR register is 1.
Immediately after an interrupt is detected, the phase of the clock output of the CKI1O pin may be
unstable, until the processor starts interrupt handling. (The canceling condition is that the
IRL3-RLO level is higher than the mask level in the 1310 bits in the SR register.)

Notes: 1. When the RTC is being used, standby mode can be canceled using IRL3-IRLO.

2. Standby mode can be canceled with an RTC or TMU (only when running on the RTC
clock) interrupt.
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Canceling with a Reset: Standby mode can be canceled with a reset (power-on or manual).
Keep the RESET 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. Enter standby mode using the appropriate procedures.

2. Once standby mode is entered and the clock stopped within the chip, the STATUSL pin output
islow and the STATUSO pin output is high.

3. Oncethe STATUSL pin goes low and the STATUSO pin goes high, the input clock is stopped
or the frequency is changed.

4. When the frequency is changed, an NMI or IRL interrupt isinput after the change. When the
clock is stopped, the same interrupts are input after the clock is applied.

5. After thetime set in the WDT has elapsed, the clock starts being applied internally within the
chip, the STATUSI-STATUSO pins both go low, interrupts are handled, and operation
resumes.

8.5 Module Standby Function

8.5.1 Transition to Module Standby Function

Setting the standby control register MSTP2—-M STPO 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 status prior to halt of the
external pins of the on-chip supporting modules. TMU external pins hold their status prior to the
halt. SCI external pins go to the reset state. With afew exceptions, al registers hold their values.

Bit Value Description
MSTP2 0 TMU runs.

1 Supply of clock to TMU is halted. Registers are initialized.™®
MSTP1 0 RTC runs.

1 Supply of clock to RTC is halted. Register access is prohibited.?
MSTPO 0 SCI operates.

1 Supply of clock to SCI is halted.

Notes: 1. The registers initialized are the same as in standby mode (table 8.4).
2. The counter runs.
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8.5.2 Clearing the Module Standby Function

The module standby function can be cleared by clearing the MSTP2-MSTPO bitsto O, or by a
power-on reset or manual reset.

8.6 Timing of STATUS Pin Changes
The timing of STATUS1 and STATUSO pin changes is shown in figures 8.1 through 8.9.
The meaning of the STATUS descriptionsis as follows:

Reset:  HH (STATUSLI high, STATUSO high)
Sleep:  HL (STATUSL high, STATUSO low)
Standby: LH (STATUSL low, STATUSO high)
Normal: LL (STATUSL low, STATUSO low)

The meaning of the clock unitsis as follows:

Beyc: Busclock cycle
Pcyc: Peripheral clock cycle

8.6.1 Timing for Resets

Power-On Reset (Clock Modes O, 1, 2, and 7):

ckio ML LML I L L L L

— ‘
PLL settling }
time |

|
i
RESET l
|
|
1
STATUS Normal |

X

| |
> <

0to 5 Beyc 0 to 30 Beyc

|
|
|
|
|
|
|
|
3
Reset >< Normal
|
»l

Figure 8.1 Power-On Reset (Clock Mode 0, 1, 2, and 7) STATUS Output
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Power-On Reset (Clock Modes 3 and 4):

cepipiplpiyiplpipliplin iaSpipinigly

| | | |
RESET j 3 j
| | | |
| | | |
N [ ‘ | R ‘ N |
STATUS orma ! X ! eset X ormal
-~ < >
0to 5 Beyc 0 to 30 Beyc

Figure 8.2 Power-On Reset (Clock Mode 3 and 4) STATUS Output

Manual Reset:

| | | |
RESET j i j

| | | |
1 1 1 1

STATUS Normal ‘ : | Reset {  Normal
1 X 1 ese X orma
D D >

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.

Figure 8.3 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 _[ LI LI l *ﬂTﬂﬂﬂﬂT_L}_ij—fj

WDT count |

|

STATUS Normal >< Standby i X Normal
| |
| |

Figure 8.4  Standby to Interrupt STATUS Output

Standby to Power-On Reset:

Oscillation stops  Reset

ckio LI LT l lr|1Tr|1Tr%5[E\_:—\_:—QSJ—\I\_H_H

|
|
RESET* | I

\ T \
| ‘ |
— |
‘ ‘ Reset |
| f
| |

STATUS Normal >< Standby ><Norma|
| ) -~
0to 10 Beyc 0 to 30 Beyc

Note: When standby mode is cleared with a power-on reset, the WDT does not
count. Keep RESET low during the PLL'’s oscillation settling time.

*: Undefined

Figure 8.5 Standby to Power-On Reset STATUS Output
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Standby to Manual Reset:

Oscillation stops Reset

|

ckio _[ LI LI ¥HTT”Tﬁ§H FTJST—ITiﬁl—Fl—FT—VlJ

|
|
RESET* | | 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 RESET low during the PLL’s oscillation settling time.

Figure 8.6  Standby to Manual Reset STATUS Output

8.6.3 Timing for Canceling Sleep Mode

Sleep to Interrupt:

Interrupt request

STATUS  Normal >< Sleep

Figure 8.7 Sleep to Interrupt STATUS Output
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Sleep to Power-On Reset:

Reset

|
ckio LML A e L L

| |

\ ‘ \

RESET* | L | |
|

| ] i |

| T 1 |

STATUS Normal >< Sleep : Reset | X Normal

|

| ! >

0to 10 Becyc 0 to 30 Becyc

Note: When the PLL1’s multiplication ratio is changed by a power-on reset,
keep RESET low during the PLL’s oscillation settling time.

*: Undefined

Figure 8.8  Sleep to Power-On Reset STATUS Output

Sleep to Manual Reset:

0 to 30 Beyc 0 to 30 Beyc

Note: Keep RESET low until the STATUS becomes reset.

Figure 8.9 Sleep to Manual Reset STATUS Output
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8.7 Hardware Standby Mode

The hardware standby mode is provided only in the SH7708S and SH7708R. This mode is not
supported in emulator.

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 on
execution of a SLEEP instruction.

Hardware standby mode differs from standby mode as follows.

P owbd PR

Interrupts and manual resets are not accepted.
The TCLK clock output is fixed low.
The TMU does not operate.

The RTC continues to operate even if power is not supplied to power supply pins other than
those for RTC power. In this case, al output pins go to the non-drive state.

Operation when alow-level signal isinput 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 resetsis disabled, TCLK output is fixed low, and the TMU halts.

. 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 resumes
operation.

In sleep mode

The chip enters hardware standby mode after leep mode is canceled and the CPU resumes
operation.

During PLL standby (see section 9.6 for the PLL standby function)

The chip enters hardware standby mode after forced implementation of the PLL OFF state.

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 the RESET pinislow and the BREQ pin is high, clock
oscillation is started. Hold the RESET pin low until clock oscillation stabilizes. When the
RESET pinisdriven high, the CPU begins power-on reset processing.

Hardware standby mode cannot be canceled by an interrupt or manual reset.

8.7.3 Hardware Standby Mode Timing
Figures 8.10 and 8.11 show examples of pin timing in hardware standby mode.

The CA pinissampled using EXTAL2 (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 isin hardware standby mode.

Clock oscillation starts when the CA pinis driven high after the RESET pin is driven low.

| |
| |
cio [T 22 IENRRRNNNRRNNNNEREND

| |
| |
| |

cA | 1 L

i | -

|

RESET } } | ! |

| | S

f | | }

STATUS | Normal ‘ Standby ><Jndefined Reset
| | | !
;: :; }4—»}
2 Rcyc or more 0to 10 Beyc

Rcyc: EXTAL2 (32.768 kHz) cycle

Figure 8.10 Hardware Standby Mode Timing (When CA Goes Low in Normal
Operation)
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CKIO | W [T
1 ‘ w N 1
I I I I
\ ‘ [ \ |
L | |
cA | | | }
f T f |
o | .
| | | |
RESET ] | | L
. | -
| | | |
f |
STATUS jStandb%/ : Normal X Standby >:<Jndefine>:< Reset
| | | |
- | DN
WDT operation } 0to 10 Beyc
| |
5 R
2 Rcyc or more ‘
Figure 8.11 Hardware Standby Mode Timing (When CA Goes Low during

WDT Operation on Standby Mode Cancellation)
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Section 9 On-Chip Oscillation Circuits

9.1 Overview

The clock pulse generator (CPG) supplies al clocks to the processor and controls the power-down
modes. The watchdog timer (WDT) is a 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 watchdog timer or interval timer.

9.1.1 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.

Three clocks generated independently: Aninternal clock for the CPU, cache, and TLB (kp); a
peripheral clock (Pg) for the on-chip supporting modules; and a bus clock (CK10) for the
external businterface.

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:

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 overflow.
Selection of power-on reset or manual reset.

Generates interruptsin interval timer mode: Internal timer interrupts occur after counter
overflow.

Selection of eight counter input clocks. Eight clocks (x1 to x1/4096) can be obtained by
dividing the peripheral clock.
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9.2 Overview of the CPG

9.2.1 CPG Block Diagram

A block diagram of the on-chip clock pulse generator is shown in figure 9.1(SH7708, SH7708S)
and figure 9.2(SH7708R).

Clock pulse generator

cAP1 [X |
| PLL circuit 1 .| Divider 1
(x1,2,4) " X1 _,‘
—»
A ~ x 1/2 Lol » Internal
CKIO > 4
X < X 1/4 _,‘ clock (l¢)
Cycle = Bcyc Cycle = Icyc
cAP2 X
Crystal R Divider 2
XTAL [X] - > —- X1 .
oscillator | PLL circuit 2 Peripheral
N ) S ][ clock o
EXTAL [X] ° > Cycle = Pcyc
A /Y
CPG control unit
A4
MD2 |E . | Clock frequency |« » Standby control . Standby
“| control circuit circuit " control
mp1 [X] T T
Moo [ FRQCR STBCR
JY A
v \ 4
< Bus interface )
/Y
A
Internal bus
FRQCR: Frequency control register STBCR: Standby control register

Figure 9.1 Block Diagram of Clock Pulse Generator(SH7708, SH7708S)
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Clock pulse generator

Internal
clock (1g)

Cycle =Icyc

Peripheral
clock (Pg)

Cycle = Pcyc

. Standby

cAP1 [X |
_| PLL circuit 1 .| Divider1
oLl crza0] T
CKIO > X
~J x 1/3
Cycle = Bcyc x 1/4
cAP2 [X
Divider 2
XTAL [X] Crystal | - X1
oscillator | PLL circuit 2
i " (x1,4) . x1/2
EXTAL X ® > | x 1/3
x1/4
A i
CPG control unit
v
. | Clock frequency |« » Standby control
mp2 [ | control circuit circuit
mp1 [X] T T
mpo [ FRQCR STBCR
i 7y
A4 v
< Bus interface )

A

A

Internal bus

FRQCR: Frequency control register

" control

Figure 9.2

The clock pulse generator blocks function as follows:

Block Diagram of Clock Pulse Generator (SH7708R)

1. PLL Circuit 1: PLL circuit 1 doubles, triples*, quadruples, or leaves unchanged the input clock
frequency from the CKI10O terminal. The multiplication rate is set by the frequency control
register. When thisis done, the phase of the leading edge of the internal clock is controlled so
that it will agree with the phase of the leading edge of the CKI10O pin.

Note: SH7708R only

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
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isfixed by the clock operation mode. The clock operation mode is set by pins MDO, MD1, and
MD2. Seetable 9.3 for more information on clock operation modes.

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.

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*, or 1/4 times the output frequency of PLL circuit 1, as
long as it stays at or above the clock frequency of the CKIO pin. The divisionratioissetin
the frequency control register.

Note: SH7708R only

5.

Divider 2: Divider 2 generates a clock at the operating frequency used by the peripheral clock.
The operating frequencies can be 1, 1/2, 1/3*, or 1/4 times the output frequency of PLL Circuit
1 or the clock frequency of the CKIO pin, aslong asit stays at or below the clock frequency of
the CKI1O pin. The division ratio is set in the frequency control register.

Note: SH7708R only

6.

Clock Freguency Contral Circuit: The clock frequency contral circuit controls the clock
frequency using the MD pin and the frequency control register.

Standby Control Circuit: The standby control circuit controls the status of the clock pulse
generator and other modules during clock switching and sleep/standby modes.

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.

Standby Control Register: The standby control register has bits for controlling the power-down
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 1/0 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 1/0O pin CKIO I/0 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 Abbreviatio R/W Value* Address Access
n Size
Frequency control register FRQCR R/W  H'0102 HFFFFFF80 16

Note: Initialized by a power-on reset via the RESET pin. Register contents are retained in a power-
on reset initiated by the WDT.
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9.3 Clock Operating Modes

Table 9.3 shows the relationship between the mode control pin (MD2-MDO0) combinations and the
clock operating modes. Table 9.4 shows the usable frequency ranges in the clock operating modes.

Table 9.3 Clock Operating Modes

Pin Values  Clock /O p| |5 pjy- PLL1 Divider Divider CKIO

1 2
Mod MD MD MD SourceOutput On/Offider 3 On/Offlnput Input Frequenc
e 2 1 0 y
0 0 O 0 EXTAL CKIO On Off ON PLL1 PLL1 (EXTAL)
multi- output
plication
ratio: 1
1 0o o0 1 EXTAL CKIO On Off ON PLL1 PLL1 (EXTAL)
multi- output x 4
plication
ratio: 4
2 0O 1 O Crystal CKIO On Off On PLL1 PLL1 (Crystal)
oscillato multi- output x4
r plication
ratio: 4
3 o 1 1 EXTAL CKIO On Off Off PLL2 PLL2 (EXTAL)
multi- (initial  output x1
plication value)
ratio: 1
On PLL1
output
4 1 0 O Crystal CKIO On Off Off PLL2 PLL2 (Crystal)
oscillato multi- (initial output x1
r plication value)
ratio: 1
On PLL1
output
7 1 1 1 CKIO — Off Off On PLL1 PLL1 (CKIO)
output

Mode 0: An external clock isinput from the EXTAL pin and undergoes waveform shaping by
PLL circuit 2 before being supplied inside the SH7708 Series. PLL circuit 1 is constantly on, and
there are no frequency range restrictions compared to mode 3. An input clock frequency of 8 MHz
to 60 MHz(SH7708, SH7708S) or 16 MHz to 60 MHz(SH7708R) can be used, and the CK10
frequency range is 8 MHz to 60 MHz(SH7708, SH7708S) or 16 MHz to 60 MHz(SH7708R).
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AsPLL circuit 1 compensates for fluctuations in the CKIO pin load, this mode is suitable for
connection of synchronous DRAM.

Mode 1: An external clock isinput from the EXTAL pin and its frequency is multiplied by 4 by
PLL circuit 2 before being supplied inside the SH7708 Series, allowing alow-frequency external
clock to be used. An input clock frequency of 5 MHz to 15 MHz can be used, and the CKIO
frequency rangeis 20 MHz to 60 MHz.

AsPLL circuit 1 compensates for fluctuations in the CKIO pin load, this mode is suitable for
connection of synchronous DRAM.

Mode 2: The on-chip crystal oscillator operates, with the oscillation frequency being multiplied
by 4 by PLL circuit 2 before being supplied inside the SH7708 Series, alowing alow crystal
frequency to be used. A crystal oscillation frequency of 5 MHz to 15 MHz can be used, and the
CKIO frequency rangeis 20 MHz to 60 MHz.

AsPLL circuit 1 compensates for fluctuations in the CKIO pin load, this mode is suitable for
connection of synchronous DRAM.

Mode 3: An external clock isinput from the EXTAL pin and undergoes waveform shaping by
PLL circuit 2 before being supplied inside the SH7708 Series. 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 kept lower than in mode 0. An input clock frequency of 8 MHz to 15
MHz(SH7708, SH7708S) or 16 MHz to 25 MHz(SH7708R) can be used, and the CKI10 frequency
rangeis of 8 MHz to 15 MHz(SH7708, SH7708S) or 16 MHz to 25 MHz(SH7708R).

Mode 4: The on-chip crystal oscillator operates, with its output supplied inside the SH7708
Series 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
accordingly. A crystal oscillation frequency of of 8 MHz to 15 MHz(SH7708, SH7708S) or 16
MHz to 25 MHz(SH7708R) can be used, and the CKIO frequency rangeis of 8 MHz to 15
MHz(SH7708, SH7708S) or 16 MHz to 25 MHz(SH7708R).

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 the SH7708 Series. In modes O to 6, the system clock is
generated from the output of the SH7708 Series’ CK10 pin. Consequently, if alarge 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 alarge number of |Cs are operating on the clock
cycle, aclock generator with a number of low-skew clock outputs can be provided, so that the ICs
can operate synchronously by distributing the clocks to each one.

AsPLL 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 Range of Usable Frequencies for Each Clock Operating
Mode(SH7708, SH7708S)

FRQCR Clock Input Clock/
Register Ratio** Crystal Oscillator CKIO Pin
Mode Value PLL1 PLL2 (I:B:P) Frequency Range Frequency Range
0 H'0102 ON(x1) ON(x1) 1:1:1/4 8 MHz to 60 MHz 8 MHz to 60 MHz
H'0101 ON(x1) ON(x1) 1:1:1/2 8 MHz to 60 MHz 8 MHz to 60 MHz
H'0100 ON(x1) ON(x1) 1:1:1 8 MHz to 30 MHz 8 MHz to 30 MHz
H'0112 ON(x2) ON(x1) 2:1:1/2 8 MHz to 30 MHz 8 MHz to 30 MHz
H0111 ON(x2) ON(x1) 2:1:1 8 MHz to 30 MHz 8 MHz to 30 MHz
H'0115 ON(x2) ON(x1l) 1:1:1 8 MHz to 30 MHz 8 MHz to 30 MHz
H0116 ON((x2) ON(x1) 1:1:1/2 8 MHz to 30 MHz 8 MHz to 30 MHz
H'0122 ON(x4) ON(x1l) 4:1:1 8 MHz to 15 MHz 8 MHz to 15 MHz
H'0126 ON(x4) ON(x1) 2:1:1 8 MHz to 15 MHz 8 MHz to 15 MHz
H'012a ON(x4) ON(x1) 1:1:1 8 MHz to 15 MHz 8 MHz to 15 MHz
1,2 H'0102 ON(x1) ON(x4) 441 5 MHz to 15 MHz 20 MHz to 60 MHz
H'0101 ON(x1) ON(x4) 4:4:2 5 MHz to 15 MHz 20 MHz to 60 MHz
H'0100 ON(x1) ON(x4) 4:4:4 5 MHz to 7.5 MHz 20 MHz to 30 MHz
H0112 ON(x2) ON(x4) 8:4:2 5MHz to 7.5 MHz 20 MHz to 30 MHz
H'0111 ON(x2) ON(x4) 8:4:4 5MHz to 7.5 MHz 20 MHz to 30 MHz
H'0115 ON(x2) ON(x4) 4:4:4 5MHz to 7.5 MHz 20 MHz to 30 MHz
H'0116 ON(x2) ON(x4) 4:4:2 5MHz to 7.5 MHz 20 MHz to 30 MHz
3,4 H'0102 OFF ON (x1) 1:1:1/4 8 MHz to 15 MHz 8 MHz to 15 MHz
H'0101 OFF ON (x1) 1:1:1/2 8 MHz to 15 MHz 8 MHz to 15 MHz
H'0100 OFF ON(x1) 1:1:1 8 MHz to 15 MHz 8 MHz to 15 MHz
H'01d1 ON(x2) ON(x1) 2:1:1/2 8 MHz to 15 MHz 8 MHz to 15 MHz
H01d0 ON(x2) ON(x1l) 2:1:1 8 MHz to 15 MHz 8 MHz to 15 MHz
H'01d4 ON(x2) ON(x1) 1:1:1 8 MHz to 15 MHz 8 MHz to 15 MHz
H01d5 ON(x2) ON(x1) 1:1:1/2 8 MHz to 15 MHz 8 MHz to 15 MHz
H'01d6 ON(x2) ON(x1) 1:1:1/4 8 MHz to 15 MHz 8 MHz to 15 MHz
H'01le0O ON(x4) ON(x1) 4:1:4 8 MHz to 15 MHz 8 MHz to 15 MHz
H0le4 ON((x4) ON(x1) 2:1:1 8 MHz to 15 MHz 8 MHz to 15 MHz
H'0le5 ON(x4) ON(x1) 2:1:1/2 8 MHz to 15 MHz 8 MHz to 15 MHz
H01le8 ON((x4) ON(x1) 1:1:1 8 MHz to 15 MHz 8 MHz to 15 MHz
H'0le9 ON(x4) ON(x1) 1:1:1/2 8 MHz to 15 MHz 8 MHz to 15 MHz
HO0lea ON((x4) ON(x1) 1:1:1/4 8 MHz to 15 MHz 8 MHz to 15 MHz
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Table

9.4 Range of Usable Frequencies for Each Clock Operating
Mode(SH7708, SH7708S) (cont)

FRQCR Clock Input Clock/
Register Ratio** Crystal Oscillator CKIO Pin
Mode Value PLL1 PLL2 (I:B:P) Frequency Range Frequency Range
5% H'0102 OFF OFF 1/2:1/2:1/8 2 MHz to 30 MHz 1 MHz to 15 MHz
H'0101 OFF OFF 1/2:1/2:1/4 2 MHz to 30 MHz 1 MHz to 15 MHz
H'0100 OFF OFF 1/2:1/2:1/2 2 MHz to 30 MHz 1 MHz to 15 MHz
H'01d1 ON (x2) OFF 1:1/2:1/4 16 MHz to 30 MHz 8 MHz to 15 MHz
H'01d0 ON (x2) OFF 1:1/2:1/2 16 MHz to 30 MHz 8 MHz to 15 MHz
H'01d4 ON(x2) OFF 1/2:1/2:1/2 16 MHz to 30 MHz 8 MHz to 15 MHz
H'01d5 ON (x2) OFF 1/2:1/2:1/4 16 MHz to 30 Mhz 8 MHz to 15 Mhz
H'01d6 ON (x2) OFF 1/2:1/2:1/8 16 MHz to 30 MHz 8 MHz to 15 MHz
H'0le2 ON (x4) OFF 2:1/2:1/2 16 MHz to 30 MHz 8 MHz to 15 MHz
H'01e6 ON (x4) OFF 1:1/2:1/2 16 MHz to 30 MHz 8 MHz to 15 MHz
H'0lea ON (x4) OFF 1/2:1/2:1/2 16 MHz to 30 MHz 8 MHz to 15 MHz
6*° H'0102 OFF OFF 1/2:1/2:1/8 2 MHz to 20 MHz 1 MHz to 10 MHz
H'0101 OFF OFF 1/2:1/2:1/4 2 MHz to 20 MHz 1 MHz to 10 MHz
H'0100 OFF OFF 1/2:1/2:1/2 2 MHz to 20 MHz 1 MHz to 10 MHz
H'01d1 ON (x2) OFF 1:1/2:1/4 16 MHz to 20 MHz 8 MHz to 10 MHz
H'01d0 ON (x2) OFF 1:1/2:1/2 16 MHz to 20 MHz 8 MHz to 10 MHz
H'01d4 ON (x2) OFF 1/2:1/2:1/2 16 MHz to 20 MHz 8 MHz to 10 MHz
H'01d5 ON (x2) OFF 1/2:1/2:1/4 16 MHz to 20 MHz 8 MHz to 10 Mhz
H'01d6 ON (x2) OFF 1/2:1/2:1/8 16 MHz to 20 MHz 8 MHz to 10 MHz
H'01le2 ON (x4) OFF 2:1/2:1/2 16 MHz to 20 MHz 8 MHz to 10 MHz
H'01e6 ON (x4) OFF 1:1/2:1/2 16 MHz to 20 MHz 8 MHz to 10 MHz
H'Olea ON(x4) OFF 1/2:1/2:1/2 16 MHz to 20 MHz 8 MHz to 10 MHz
7 H'0102 ON (x1) OFF 1:1:1/4 8 MHz to 60 MHz 8 MHz to 60 MHz
H'0101 ON (x1) OFF 1:1:1/2 8 MHz to 60 MHz 8 MHz to 60 MHz
H'0100 ON (x1) OFF 1:1:1 8 MHz to 30 MHz 8 MHz to 30 MHz
H'0112 ON (x2) OFF 2:1:1/2 8 MHz to 30 MHz 8 MHz to 30 MHz
H'0111 ON (x2) OFF 2:1:1 8 MHz to 30 MHz 8 MHz to 30 MHz
H'0115 ON (x2) OFF 1:1:1 8 MHz to 30 MHz 8 MHz to 30 MHz
H'0116 ON (x2) OFF 1:1:1/2 8 MHz to 30 MHz 8 MHz to 30 MHz
H'0122 ON(x4) OFF 4:1:1 8 MHz to 15 MHz 8 MHz to 15 MHz
H'0126 ON (x4) OFF 2:1:1 8 MHz to 15 MHz 8 MHz to 15 MHz
H'012a ON (x4) OFF 1:1:1 8 MHz to 15 MHz 8 MHz to 15 MHz

Notes: 1. Taking input clock as 1.

Maximum frequencies: lg = 60 MHz, Bg = 60 MHz, Pg = 30 MHz.

2. Modes 5 and 6 are available only in the SH7708.
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Table 9.5 Range of Usable Frequencies for Each Clock Operating

M ode(SH7708R)
Clock

Clock Rate*! Input Frequency CKIO Frequency

Mode FRQCR PLL1 PLL2 (1:B:P) Range Range

0 H'0100 ON(x1) ON(x1) 1:1:1 16 MHz to 33.3 MHz 16 MHz to 33.3 MHz
H'0101 ON(x1) ON(x1) 1:1:1/2 16 MHzto 60 MHz 16 MHz to 60 MHz
H'0102 ON(x1) ON(x1) 1:1:1/4 16 MHz to 60 Mhz 16 MHz to 60 Mhz
H'0111 ON(x2) ON(x1) 2:1:1 16 MHz to 33.3 MHz 16 MHz to 33.3 MHz
H'0112 ON(x2) ON(x1) 2:1:1/2 16 MHzto 50 MHz 16 MHz to 50 MHz
H'0115 ON(x2) ON(x1) 1:1:1 16 MHz to 33.3 MHz 16 MHz to 33.3 MHz
H'0116 ON(x2) ON(x1) 1:1:1/2 16 MHzto 50 MHz 16 MHz to 50 MHz
H0122 ON(x4) ON(x1) 4:1:1 16 MHz to 25 MHz 16 MHz to 25 MHz
H0126  ON(x4) ON(x1) 2:1:1 16 MHz to 25 MHz 16 MHz to 25 MHz
H'012A ON(x4) ON(x1) 1:1:1 16 MHzto 25 MHz 16 MHz to 25 MHz
H'A100 ON(x3) ON(x1) 3:1:1 25 MHz to 33.3 MHz 25 MHz to 33.3 MHz
H'E100 ON(x3) ON(x1) 1:1:1 25 MHz to 33.3 MHz 25 MHz to 33.3 MHz
HE101 ON(x3) ON(x1) 1:1:1/2 25 MHz to 33.3 MHz 25 MHz to 33.3 MHz

1,2 H'0100 ON(x1) ON(x4) 4:4:4 5 MHz to 8.3 MHz 20 MHz to 33.3 MHz
H'0101 ON(x1) ON(x4) 4:4:2 5 MHz to 15 MHz 20 MHz to 60 MHz
H'0102 ON(x1) ON(x4) 4:4:1 5 MHz to 15 MHz 20 MHz to 60 MHz
H0111 ON(x2) ON(x4) 8:4:4 5MHzto 8.3 MHz 20 MHz to 33.3 MHz
H0112 ON(x2) ON(x4) 8:4:2 5MHz to 12.5 MHz 20 MHz to 50 MHz
H'0115 ON(x2) ON(x4) 4:4:4 5 MHz to 8.3 MHz 20 MHz to 33.3 MHz
H'0116 ON(x2) ON(x4) 4:4:2 5MHzto 125 MHz 20 MHz to 50 MHz
H'A100 ON(x3) ON(x4) 12:4:4 5 MHz to 8.3 MHz 20 MHz to 33.3 MHz
HE100 ON(x3) ON(x4) 4:4:4 5MHzto 8.3 MHz 20 MHz to 33.3 MHz
HE101 ON(x3) ON(x4) 4:4:2 5MHzto 8.3 MHz 20 MHz to 33.3 MHz

3 H'0100 OFF ON(x1) 1:1:1 16 MHzto 25 MHz 16 MHz to 25 MHz
H'0101 OFF ON (x1) 1:1:1/2 16 MHzto 25 MHz 16 MHz to 25 MHz
H'0102 OFF ON (x1) 1:1:1/4 16 MHzto 25 MHz 16 MHz to 25 MHz
H01DO ON(x2) ON(x1) 2:1:1 16 MHz to 25 MHz 16 MHz to 25 MHz
H'01D1 ON(x2) ON(x1) 2:1:1/2 16 MHzto 25 MHz 16 MHz to 25 MHz
H'01D2 ON(x2) ON(x1) 2:1:1/4 16 MHzto 25 MHz 16 MHz to 25 MHz
H'01D4 ON(x2) ON(x1) 1:1:1 16 MHzto 25 MHz 16 MHz to 25 MHz
H'01D5 ON(x2) ON(x1) 1:1:1/2 16 MHzto 25 MHz 16 MHz to 25 MHz
HO01D6 ON(x2) ON(x1) 1:1:1/4 16 MHz to 25 MHz 16 MHz to 25 MHz
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Table

9.5 Range of Usable Frequencies for Each Clock Operating

Mode(SH7708R) (cont)

Clock

Clock Rate*! Input Frequency CKIO Frequency

Mode FRQCR PLL1 PLL2 (1:B:P) Range Range

3 H'81CO0 ON(x3) ON(x1) 3:1:1 16 MHzto 25 MHz 16 MHz to 25 MHz
H'81C1 ON(x3) ON(x1) 3:1:1/2 16 MHzto 25 MHz 16 MHz to 25 MHz
HCICO ON(x3) ON(x1) 1:1:1 16 MHzto 25 MHz 16 MHz to 25 MHz
H'C1Cl1 ON(x3) ON(x1) 1:1:1/2 16 MHzto 25 MHz 16 MHz to 25 MHz
H'01EOQ ON(x4) ON(x1) 4:1:1 16 MHzto 25 MHz 16 MHz to 25 MHz
H'01E1 ON(x4) ON((x1) 4:1:1/2 16 MHzto 25 MHz 16 MHz to 25 MHz
H'01E4 ON(x4) ON(x1) 2:1:1 16 MHzto 25 MHz 16 MHz to 25 MHz
H'01E5 ON (x4) ON(x1) 2:1:1/2 16 MHzto 25 MHz 16 MHz to 25 MHz
H'01E6 ON (x4) ON(x1) 2:1:1/4 16 MHzto 25 MHz 16 MHz to 25 MHz
H'01E8 ON (x4) ON(x1) 1:1:1 16 MHzto 25 MHz 16 MHz to 25 MHz
H'01E9 ON(x4) ON(x1) 1:1:1/2 16 MHzto 25 MHz 16 MHz to 25 MHz
HO1EA ON(x4) ON(x1) 1:1:1/4 16 MHzto 25 MHz 16 MHz to 25 MHz

4 H'0100 OFF ON(x1) 1:1:1 16 MHzto 20 MHz 16 MHz to 20 MHz
H'0101 OFF ON(x1) 1:1:1/2 16 MHzto 20 MHz 16 MHz to 20 MHz
H'0102 OFF ON(x1) 1:1:1/4 16 MHzto 20 MHz 16 MHz to 20MHz
H'01D0 ON(x2) ON(x1) 2:1:1 16 MHzto 20 MHz 16 MHz to 20 MHz
H'01D1 ON(x2) ON(x1) 2:1:1/2 16 MHzto 20 MHz 16 MHz to 20 MHz
H'01D2 ON(x2) ON(x1) 2:1:1/4 16 MHzto 20 MHz 16 MHz to 20 MHz
H'01D4 ON(x2) ON(x1) 1:1:1 16 MHz to 20 MHz 16 MHz to 20 MHz
H'01D5 ON(x2) ON(x1) 1:1:1/2 16 MHz to 20 MHz 16 MHz to 20 MHz
H'01D6 ON(x2) ON(x1) 1:1:1/4 16 MHzto 20 MHz 16 MHz to 20 MHz
H'81C0 ON(x3) ON(x1) 3:1:1 16 MHzto 20 MHz 16 MHz to 20 MHz
H'81C1 ON(x3) ON(x1) 3:1:1/2 16 MHzto 20 MHz 16 MHz to 20 MHz
H'C1CO ON(x3) ON(x1) 1:1:1 16 MHzto 20 MHz 16 MHz to 20 MHz
HC1C1 ON(x3) ON(x1) 1:1:1/2 16 MHz to 20 MHz 16 MHz to 20 MHz
H'01EO0 ON(x4) ON(x1) 4:1:1 16 MHzto 20 MHz 16 MHz to 20 MHz
H'01E1 ON(x4) ON(x1) 4:1:1/2 16 MHzto 20 MHz 16 MHz to 20 MHz
H'01E4 ON(x4) ON(x1) 2:1:1 16 MHzto 20 MHz 16 MHz to 20 MHz
H'01E5 ON (x4) ON(x1) 2:1:1/2 16 MHzto 20 MHz 16 MHz to 20 MHz
H'01E6 ON (x4) ON(x1) 2:1:1/4 16 MHz to 20 MHz 16 MHz to 20 MHz
H'01E8 ON(x4) ON(x1) 1:1:1 16 MHz to 20 MHz 16 MHz to 20 MHz
H'01E9 ON(x4) ON((x1) 1:1:1/2 16 MHzto 20 MHz 16 MHz to 20 MHz
HO1EA ON(x4) ON(x1) 1:1:1/4 16 MHzto 20 MHz 16 MHz to 20 MHz
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Table 9.4 Range of Usable Frequencies for Each Clock Operating

Mode(SH7708R) (cont)

Clock

Clock Rate*! Input Frequency CKIO Frequency

Mode FRQCR PLL1 PLL2 (1:B:P) Range Range

7 H'0100 ON(x1) OFF 1:1:1 16 MHz to 33.3 MHz 16 MHz to 33.3 MHz
H'0101 ON(x1) OFF 1:1:1/2 16 MHzto 60 MHz 16 MHz to 60 MHz
H'0102 ON(x1) OFF 1:1:1/4 16 MHz to 60 MHz 16 MHz to 60 MHz
H'0111 ON(x2) OFF 2:1:1 16 MHz to 33.3 MHz 16 MHz to 33.3 MHz
H'0112 ON (x2) OFF 2:1:1/2 16 MHzto 50 MHz 16 MHz to 50 MHz
H'0115 ON(x2) OFF 1:1:1 16 MHz to 33.3 MHz 16 MHz to 33.3 MHz
H'0116 ON (x2) OFF 1:1:1/2 16 MHzto 50 MHz 16 MHz to 50 MHz
H'0122 ON(x4) OFF 4:1:1 16 MHzto 25 MHz 16 MHz to 25 MHz
H'0126 ON (x4) OFF 2:1:1 16 MHzto 25 MHz 16 MHz to 25 MHz
H'012A  ON(x4) OFF 1:1:1 16 MHzto 25 MHz 16 MHz to 25 MHz
H'A100 ON (x3)) OFF 3:1:1 25 MHz to 33.3 MHz 25 MHz to 33.3 MHz
H'E100 ON(x3) OFF 1:1:1 25 MHz to 33.3 MHz 25 MHz to 33.3 MHz
H'E101 ON(x3) OFF 1:1:1/2 25 MHz to 33.3 MHz 25 MHz to 33.3 MHz

Notes: 1. Input clock frequency is 1

2. Max frequency : lo= 100 MHz, B = (CKIO) = 60 MHz, P¢ =30 MHz

Cautions:

1. When clock operating modes 3 and 4 are used:
« The on/off state of PLL circuit 1 is set by the frequency control register.
e PLL circuit 1isinitialized to the off state by a power-on reset.
e Alwaysturn PLL circuit 1 off before going into standby mode.

2. Theinput to divider 1 becomes the output of:
e PLL circuit 1 when PLL circuit 1 ison.
e PLL circuit 2when PLL circuit 1 is off and PLL circuit 2 ison.
» Divider 3when PLL circuit 1 isoff and PLL circuit 2 is off.

3. Theinput of divider 2 becomes the output of:
e PLL circuit 1 when the clock operating mode is0-2 or 7.
e PLL circuit 2 when the clock operating modeis 3 and 4 and PLL circuit 2 ison.
« Divider 3 when the clock operating modeis 3 and 4 and PLL circuit 2 is off.

4. Thefrequency of the internal clock (l¢g) becomes:

« The product of the frequency of the CKI10O pin, the frequency multiplication ratio of PLL
circuit 1, and the division ratio of divider 1 when PLL circuit 1 ison.
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» 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.

5. Thefrequency of the peripheral clock (Pp) becomes:

» The product of the frequency of the CKI0O pin, the frequency multiplication ratio of PLL
circuit 1, and the division ratio of divider 2 when the clock operating mode is0-2 or 7.

» The product of the frequency of the CKIO pin and the division ratio of divider 2 when
the clock operating modeis 3 and 4.

» The periphera clock frequency should not be set higher than the frequency of the CKIO
pin, higher than 30 MHz(SH7708, SH7708S) / 33.3 MHz(SH7708R), or lower than
1/4 (SH7708, SH7708S) / 1/8(SH7708R) the internal clock (I1¢).

6. The output frequency of PLL circuit 1 isthe product of the CKIO frequency and the
multiplication ratio of PLL circuit 1. This frequency should be equal to or lower than 60
MHz(SH7708, SH7708S) / 100 MHz(SH7708R).

7. x1,x 2, x3* or x 4 can be used as the multiplication ratio of PLL circuit 1. x 1, x 1/2, x
1/3*, and x 1/4 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. x 3
multiplication of PLL circuit 1 and x 1/3 of dividers 1 and 2 are not supported in emulator.

Note: SH7708R only

8. For more in formation about the range of usable freguencies for each clock operating mode,see
table 9.4.
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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 isinitialized to H'0102 by a
power-on reset, but retains its value in amanual reset and in standby mode.

SH7708, SH7708S:

Bit: 15 14 13 12 11 10 9 8
Bit name: — — — — — — — CKOEN
Initial value: 0 0 0 0 0 0 0 1
R/W: R R R R R R R R/W
Bit: 7 6 5 4 3 2 1 0
Bit name: PLLEN PSTBY STC1 STCO IFC1 IFCO PFC1 PFCO
Initial value: 0 0 0 0 0 0 1 0

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

Bit 8—Clock Enable (CKOEN): Used to output a clock from the CK1O pin or to fix the level of
the CKI10O pin. Even when the level isfixed, the SH7708 Series will operate internally at the
frequency before the level was fixed. In case of clock operating mode 7, the CKI1O pin becomes an
input pin irrespective of the value of this hit.

Bit 8: CKOEN Description
0 Fixes the level of CKIO terminal.
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 isvalid
in clock operating modes 3—6. PLL circuit 1 goes on when the clock operating modeis0-2 or 7
irrespective of the value of PLLEN.
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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. Thisfunctionisvalidin
clock operating modes 3-6.

Bit 6: PSTBY Description
0 PLL is not in standby mode. (Initial value)
1 PLL is in standby mode.

Bits 5 and 4—Frequency Multiplication Ratio (STC1, STCO): These bits specify the frequency
multiplication ratio of PLL circuit 1.

Bit 5: STC1 Bit 4: STCO Description

0 0 x 1 (Initial value)

0 1 x 2

1 0 x 4

1 1 Setting prohibited (do not set)

Note: Do not set the output frequency of PLL circuit 1 higher than 60 MHz.

Bits 3 and 2—Internal Clock Frequency Division Ratio (IFC1, IFCO): 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, set x 1.

Bit 3: IFC1 Bit 2: IFCO Description

0 0 x 1 (Initial value)

0 1 x1/2

1 0 x 1/4

1 1 Setting prohibited (do not set)

Note: Do not set the internal clock frequency lower than the CKIO frequency.

Bits 1 and 0—Peripheral Clock Frequency Division Ratio (PFC1, PFCO): These bits specify the
division ratio of the periphera clock frequency with respect to the frequency of the output
frequency of PLL circuit 1 or the frequency of the CKIO pin.
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Bit 1: PFC1 Bit 0: PFCO Description

0 0 x1

0 1 x1/2

1 0 x 1/4 (Initial value)

1 1 Setting prohibited (do not set)

Note: Do not set the peripheral clock frequency higher than the frequency of the CKIO pin.
SH7708R:

Bit: 15 14 13 12 11 10 9 8
Bit name: STC2 IFC2 PFC2 — — — — CKOEN
Initial value: 0 0 0 0 0 0 0 1
R/W: R/W R/W R/W R R R R R/W
Bit: 7 6 5 4 3 2 1 0
Bitname: PLLEN PSTBY STC1 STCO IFC1 IFCO PFC1 PFCO
Initial value: 0 0 0 0 0 0 1 0

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

Bits 15, 5 and 4—Frequency Multiplication Ratio (STC): 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 %3
1 1 0 x4

Note: Do not set the output frequency of PLL circuit 1 higher than 100MHz.

Bits 14, 3 and 2—Internal Clock Frequency Division Ratio (IFC): These hits 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, set x 1.

Bit 14: IFC2 Bit 2: IFC1 Bit 1: IFCO Description

0 0 0 x1 (Initial value)
0 0 1 x1/2
1 0 0 x 1/3
1 1 0 x 1/4

Note: Do not set the interunal clock frequency lower then the CKIO frequency.
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Bits 13, 1 and 0—Peripheral Clock Freguency Division Ratio (PFC): These 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 x1/2
1 0 0 x 1/3
1 1 0 x 1/4

Note: Do not set the peripheral clock frequency higher then the frequency of the CKIO pin.

Bit 8—Clock Enable (CKOEN): Used to output a clock in operating mode 3-6 from the CKIO pin
or to fix the level of the CKIO pinin clock operation modes 3 and 4. Even when the level is fixed,
the SH7708R will operate internally at the frequency before the level was fixed. In case of clock
operating mode 0-2, set this hit to 1. In case of clock operating mode 7, the CKIO pin becomes
an input pin irrespective of the value of this hit.

Bit 8: CKOEN Description
0 Fixes the level of CKIO terminal.
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 isvalid
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. Thisfunctionisvalidin
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 described
below. In modes 3-6, 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 timeis required when the multiplication rate of PLL circuit 1 is changed. The on-
chip WDT counts the settling time.

1. Intheinitial state, the multiplication rate of PLL circuit 1is 1.

2. Set avaluethat 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-CK S0 hits: Division ratio of WDT count clock
WTCNT counter: Initial counter value

3. Set the desired value in the STC1 and STCO bits. The division ratio can also be set in the
IFC1-FCO bits and PFC1-PFCO bits.

4. The processor pauses internally and the WDT starts incrementing. In clock modes 0-2 and 7,
the internal and peripheral clocks both 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 begins
operating again. The WDT stops after it overflows.

9.5.2 Changing the Division Ratio
The WDT will not count unless the multiplication rate is changed simultaneously.

1. Intheinitial state, IFC1-1FCO = 00 and PFC1-PFCO = 10.

2. Set the IFC1, IFCO, PFC1, 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. Theclock isimmediately supplied at the new division ratio.
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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 PLL 1 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. Initialy, PSTBY =0, PLLEN =0, and PLL circuit 1 is stopped. The output of PLL circuit 2
isused for divider 1 input.

2. When the multiplication rate of PLL circuit 1 is set in the STC1-STCO bhits 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 switcheswhen PLLEN is
set to 1 and the oscillation output of PLL circuit 1 is divided and becomes the internal clock.
At thistime, the division ratio can be changed by changing the settings of IFC1-FCO and
PFC1-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.

From On to Off:

1. When PLLEN is set to O, 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 IFC1-FCO and PFC1—
PFCO.

2. When PSTBY issetto 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 (PSTBY =1, PLLEN =0) as
follows: The settings of the frequency control register’'s CKOEN, STC2-STCO,
IFC2-1FCO and PFC2—PFCO hits generally cannot be changed. In some cases,
however, they can be changed if the PSTBY and PLLEN bit settings are also changed
simultaneously (figure 9.3). The SLEEP instruction cannot be executed.

2. Itistheresponsibility 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.
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3. Inclock modes 3 and 4, the SH7708 Series cannot go to standby mode while PLL
circuit 1 ison. 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 0 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/ pPu1 \——
“+—— -
PSTBY =0 standby /™ b1 | EN=0
boTBY < 0 (STC) (STC, IFC, PFC) By 1
and PLLEN = 0 and PLLEN = 1

PSTBY =0, PLLEN = 0
(STC, IFC, PFC)

Note: Bits in parentheses can be changed simultaneously.

Figure 9.3  State Transitions for the PLL Standby Function

9.7 Controlling Clock Output

The CKOEN hit 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 0-2

The CKIO pin level cannot be fixed. Always set the CKOEN bit in FRQCR to 1 (clock output).

9.7.2 Clock Modes 3 and 4

The CKI10O 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 CKI10O output is switched, and then the internal clock
changes.
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9.8 Overview of the Watchdog Timer (WDT)

9.8.1 Block Diagram of the WDT

Figure 9.4 shows a block diagram of the WDT.

WDT
Standby Standby |« Standby
cancellation ~ control |« mode
4 | Peripheral
Internal Y I clock
reset < c%i?fcfl « | Divider |
request < )
a [ Clock selection l l l l l l l l
v Clock selector |
Interrupt Interrupt Overflow T
request - control |« Clock
A 4
WTCSR WTCNT
( Bus interface )
A
> ¥ » Internal bus

WTCSR: Watchdog timer control/status register
WTCNT: Watchdog timer counter

Figure 9.4  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.
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Table 9.5 Register Configuration

Name Abbreviatio R/W Size Initial Address
n Value
Watchdog timer counter  WTCNT R/W* R: byte; H'00 HFFFFFF84
W: word*
Watchdog timer WTCSR R/W* R: byte; H'00 H'FFFFFF86
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.

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 areset in watchdog timer mode and an
interrupt in interval time mode. Its address is H'FFFFFF84. The WTCNT counter isinitialized to
H'00 only by a power-on reset through the RESET pin. Use aword access to write to the WTCNT
counter, with H'5A in the upper byte. Use a byte access to read WTCNT.

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 isinitialized to H'00 only by a power-on reset
through the RESET pin. When aWDT 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 aword access to write to the WTCSR counter, with H'A5 in the upper byte.
Use a byte access to reead WTCSR.

Bit: 7 6 5 4 3 2 1 0
TME WTAT  RSTS WOVF IOVF CKS2 CKs1 CKSO0
Initial value: 0 0 0 0 0 0 0 0

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

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 (WT/IT): Selects whether to use the WDT as awatchdog timer or an
interval timer.

Bit 6: WTAT Description
0 Use as interval timer(Initial value)
1 Use as watchdog timer

Note: If WT/T 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

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 2-0 (CKS2—CK S0): These hits 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 clock (Pg) is 15 MHz.
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Overflow Period
Bit 2: CKS2Bit 1: CKS1Bit 0: CKSO Clock Division Ratio (when P@ = 15 MHz)

0 0 0 1 (Initial value) 17 ps
1 1/4 68 us
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 17.46 ms
1 1/4096 69.84 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 given
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 9.5. When writing to WTCSR, set the upper byte to H'A5 and transfer the lower byte as the
write data. Thistransfer procedure writes the lower byte datato WTCNT or WTCSR.

WTCNT write
15 8 7 0
Address: H'FFFFFE84 H'5A Write data
WTCSR write
15 8 7 0
Address: HFFFFFE86 H'A5 Write data
Figure 9.5 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 procedureis
described below. (The WDT does not run when resets are used for canceling, so keep the RESET
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.

2. Set the type of count clock used in the CKS2—CK SO bitsin 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.

3. Moveto standby mode by executing a SLEEP instruction to stop the clock.

4. The WDT starts counting by detecting the edge change of the NMI signal or detecting
interrupts.

5. 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.

6. The counter stops at the values H'00-H'01. The stop value depends on the clock ratio.

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 overflows.

2. Set the type of count clock used in the CKS2—CK SO 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.

3. When the frequency control register (FRQCR) iswritten, the clock stops and the processor
enters standby mode temporarily. The WDT starts counting.

4. 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.

5. The counter stops at the values H'00-H'01. The stop value depends on the clock ratio.
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9

.10.3 Using Watchdog Timer Mode

Set the WT/IT bit in the WTCSR register to 1, set the reset type in the RSTS bit, set the type
of count clock in the CKS2—CK SO 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 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.

.10.4 Using Interval Timer Mode

When operating in interval timer mode, interval timer interrupts are generated at every overflow of
the counter. This enables interrupts to be generated at set periods.

1.

Clear the WT/IT bit in the WTCSR register to 0, set the type of count clock in the CK S2—
CKS0 hits, 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 flagin WTCSR to 1 and an interval
timer interrupt request is sent to INTC. The counter then resumes counting.
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9.10.5 Usage Notes

WTCNT should be set as shown below when using the SH7708 WDT in watchdog timer mode or
interval timer mode.

@) (b) _ _
| | Perform.elther processing (a) or
processing (b). No processing is
WTCNT setting WTCNT setting required when the WDT is not used
(WTCSR.TME = 0). If this
< processing is not performed, the
WDT count will stop in sleep mode.
WTCNT = _No | Wait for 2 WDT (a) Read WTCNT and confirm that
setvalue +17? count clock cycles it has been incremented, then
execute a SLEEP instruction.
Yes (b) Wait for two WDT count clock
cycles after WTCNT is set, then
SLEEP instruction SLEEP instruction execute a SLEEP instruction.

l l

Figure 9.6 To Operate the WDT in Sleep Mode

() (b) Perform either processing (a) or
| | processing (b). No processing is
required when the WDT is not used
WTCNT setting WTCNT setting (WTCSR.TME = 0). If this
processing is not performed, the
-« second WTCNT setting may not be
carried out.
WTCNT = No Wait for 2 WDT
set value + 1? count clock cycles @

After the first WTCNT setting,
read WTCNT and confirm that it

Yes has been incremented, then
perform the next WTCNT
WTNCT instruction WTCNT instruction setting.
(b)
After the first WTCNT setting,
wait for two WDT count clock

Figure 9.7 To Perform Repeated WTCNT Settings
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9.11 Notes on Board Design

When Using an External Crystal Resonator: Place the crystal resonator, capacitors CL1
and CL 2, 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 to
the resonator, and do not locate awiring pattern near these components.

Avoid crossing
signal lines

SH7708R

Note: The values for CL1, CL2, and the damping resistance should be determined after
consultation with the crystal manufacturer.

Figure 9.8 Points for Attention when Using Crystal Resonator

Decoupling Capacitors: As far as possible, insert a laminated ceramic capacitor of 0.01 to

0.1 pF as a passive capacitor for each V¢/V . pair. Mount the passive capacitors as close as
possible to the LSI power supply pins, and use components with a frequency characteristic suitable
for the LSI operating frequency, as well as a suitable capacitance value.

Digital system VeV e pairs: 6-7, 17-18, 19-20, 30-31, 41-42, 49-50, 54-55, 59-60, 68-609,
82-81,83, 100-102, 115-116, 121-122, 127-128, 144-139

On-chip oscillator V/V ¢ pairs. 73-75, 76-78, 138-135

When Using a PLL Oscillator Circuit: Keep the wiring from the PLL V. and Vg
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 C2 to Vg
(PLL1) and V< (PLL2), respectively. Place C1 and C2 close to the CAP1 and CAP2 pins and do
not locate awiring pattern in the vicinity. In clock mode 7, connect the EXTAL pinto V. or Vg
and leave the XTAL pin open.
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Avoid crossing

signal lines
________ |
Ve (PLL2) :
: Power supply
CAP2 CT—L ::i Ve
Vgs (PLL2) L : Reference values
: C1 =470 pF
Vee (PLL1) : C2 =470 pF
: Vss
CAPlF—— —
C1l T |
Vss (PLLY) ———*—* :
Figure 9.9 Points for Attention when Using PLL Oscillator Circuit

HITACHI

185




186
HITACHI



Section 10 Bus State Controller (BSC)

10.1 Overview

The bus state controller (BSC) divides physical address space and outputs control signals for
various types of memory and bus interface specifications. BSC functions enable the SH7708
Series to link directly with DRAM, synchronous DRAM, pseudo-SRAM, SRAM, ROM, and
other memory storage devices without an external circuit. The BSC also alows direct connection
to PCMCIA interfaces, simplifying system design and allowing high-speed data transfersin a
compact system.

10.1.1 Features

The BSC has the following features:

» Physical address spaceis divided into seven areas

O

g
g
g

O

O

Ooo0oood

O

U
g
U

A maximum 64 Mbytes for each of the seven areas, 06

Areabus width can be selected by register (area O is set by external pin)

Wait states can be inserted using the WAIT pin

Wait state insertion can be controlled through software. Register settings can be used to

specify the insertion of 1-10 cycles independently for each area (areas 1 and 2 have a
common setting)

The type of memory connected can be specified for each area, and control signals are output
for direct memory connection

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

Multiplexes row/column addresses according to DRAM capacity

Supports burst operation (high-speed page mode, hyper page mode)

Supports CAS-before-RAS refresh and self-refresh

Performs low power 4-CAS-system byte control

Controlstiming of DRAM direct-connection control signals according to register settings

Direct interface to synchronous DRAM

Multiplexes row/column addresses according to synchronous DRAM capacity
Supports burst operation
Has both auto-refresh and self-refresh functions

Controlstiming of synchronous DRAM direct-connection control signals according to
register setting

187
HITACHI



« Direct interface to pseudo-SRAM
O Supports burst operation (static column mode)
O Auto-refresh and self-refresh
* ROM burst interface
O Insertion of wait states controllable through software
0 Register setting control of burst transfers
* PCMCIA direct-connection interface
O Insertion of wait states controllable through software
O Burst operation (page mode)
O Bussizing function for I/O bus width (little-endian mode only)
* Finerefreshing control

O Supports refresh operation immediately after self-refresh operation in low-power DRAM by
means of refresh counter overflow interrupt function

» Refresh counter can be used as an interval timer
O Interrupt request generated at compare-match
O Interrupt request generated at refresh counter overflow

10.1.2 Block Diagram

Figure 10.1 shows a block diagram of the bus state controller.
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Bus
interface

Internal bus

l
! I
| |
| Wait :
WAIT ——» controller !
| :
[ |
[ |
[ |
[ |
CS6-CS0 L 1| Area .
— , |
CE2A, CE2B . | | controller !
[ |
BS 1 |
RD |
RD/WR Do = i
WE3-WED | ° l
RAS +——— 3 !
CAS, CASxx : : Memory § I
CKE : : controller |
ICIORD, ICIOWR Lo |
|
[
[OIS16 l
%) A !
> |
IS Gt -———- I
E l
Q |
s Refresh !
Interrupt = !
@ controller I
controller o !
A |
|
l
|
|
|
l
|
——————————————————————————————————— BSC -
WCR: Wait state control register RFCR: Refresh count register
BCR: Bus control register RTCNT: Refresh timer count register
MCR: Memory control register RTCOR: Refresh time constant register
DCR: DRAM control register RTCSR: Refresh timer control/status register
PCR: PCMCIA control register
Figure 10.1 BSC Block Diagram

HITACHI

189




10.1.3 Pin Configuration

Table 10.1 lists the BSC pins.

Table 10.1Pin Configuration

Pin Name Signal /0 Description

Address bus A25-A0 (@) Address output

Data bus D31-D24, 110 Data I/O

D15-D0 When port function is used, D31-D24 cannot be
used. Leave these pins open.

Data bus/port D23-D16/ 1/0 When port function is not used, data 1/O; when port

PORT7-PORTO function is used, port (/O is set by register for each
bit)

Bus cycle start BS (0] Shows start of bus cycle. During burst transfers,
asserts every data cycle.

Chip select 6-0 CS6-CS0 (0] Chip select signal to indicate area being accessed.
CS5 and CS6 can also be used as CE1A and CE1B
of PCMCIA.

Read/write RD/WR ¢) Data bus direction indicator signal.
DRAM/synchronous DRAM/PCMCIA write indicator
signal.

Row address RAS/CE 0 When DRAM/synchronous DRAM is used, RAS

strobe signal. When pseudo-SRAM is used, CE signal.

Column address ~ CAS/CASLL/ O When synchronous DRAM is used, CAS signal.

strobe OE When DRAM is used, CAisignaI for D7-D0. When
pseudo-SRAM is used, OE/RFSH signal.

Column address  CASLH 0 When DRAM is used, CAS signal for D15-D8

strobe LH

Column address  CASHL, CAS2L O When DRAM is used, CAS signal for D23-D16. When

strobe HL the area 2 DRAM is being used, CAS signal for D7—
DO.

Column address  CASHH, CAS2H O When DRAM is used, CAS signal for D31-D24. When

strobe HH

the area 2 DRAM is being used, CAS signal for D15—
D8.
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Table 10.1Pin Configuration (Preliminary) (cont)

Pin Name Signal /0 Description

Data enable 0 DOMLLWEO O When synchronous DRAM is used, selects D7-DO.
For other memory, D7—DO0 write strobe signal.

Data enable 1 DQMLU/WET1 (0] When synchronous DRAM is used, selects D15-D8.
When PCMCIA is used, strobe signal that indicates
the write cycle. For other memory, D15-D8 write
strobe signal.

Data enable 2 DOMULWE2/ O When synchronous DRAM is used, selects D23—

ICIORD D16. For other memory, D23-D16 write strobe signal.
For PCMCIA, strobe signal indicating 1/O read.
Data enable 3 DQMUU/WE3/ O When synchronous DRAM is used, selects D31—
ICIOWR D24. For other memory, D31-D24 write strobe signal.
For PCMCIA, strobe signal indicating I/O write.

Read RD o} Strobe signal indicating read cycle

Wait WAIT I Wait state request signal (synchronous signal)

16-bit 1/0 10IS16 I Signal indicating PCMCIA 16-bit 1/0. Valid only in
little-endian mode. (Fix low in big-endian mode.)

Clock enable CKE o Connected to clock enable control signal of
synchronous DRAM

Bus release BREQ Bus release request signal

request

Bus release BACK (0] Bus release acknowledge signal

acknowledgment

Area 0 bus width, MDS/CEZA*l, /10 Signal controlling bus width of physical space area

PCMCIA card MD4/CE2B* 0. When PCMCIA is used, CE2A and CE2B.

select

Endian switching/ MD5/RAS2* 110 Signal setting endian for all spaces on reset. When

low address strobe

area 2 DRAM is connected, area 2 DRAM RAS signal

Notes: 1. MD3/CE2A input/output switching is performed by BCR1.A5PCM. Output is selected

when BCR1.A5PCM = 1.

2. MD4/CE2B input/output switching is performed by BCR1.A6PCM. Output is selected

when BCR1.A6PCM = 1.

3. MD5/RAS2 input/output switching is performed by BCR1.DRAMTP. Output is selected

when BCR1.DRAMTP (2-0) = 101.
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10.1.4 Register Configuration

The BSC has 11 registers (table 10.2). The synchronous DRAM also has a built-in synchronous
DRAM mode register. These registers control direct connection interfacesto memory, wait states,

refreshes, and PCMCIA devices.

Table 10.2Register Configuration

Name Abbr. R/W Initial Address Bus Width
Value*?
Bus control register 1 BCR1 R/W H'0000 H'FFFFFF60 16
Bus control register 2 BCR2 RW H3FFC HFFFFFF62 16
Wait state control register 1 WCR1 RW  H3FFF HFFFFFF64 16
Wait state control register 2 WCR2 R/W  HFFFF H'FFFFFF66 16
Individual memory control register MCR R/W H'0000 HFFFFFF68 16
DRAM control register DCR R/W  H'0000 HFFFFFF6A 16
PCMCIA control register PCR R/W H'0000 HFFFFFF6C 16
Refresh timer control/status register RTCSR R/W H'0000 HFFFFFF6E 16
Refresh timer counter RTCNT R/W H'0000 HFFFFFF70 16
Refresh time constant register RTCOR R/W H'0000 HFFFFFF72 16
Refresh count register RFCR R/W H'0000 HFFFFFF74 16
SDRAM mode register, area 2 SDMR W — H'FFFFDOOO- 8
HFFFFDFFF
SDRAM mode register, area 3 — H'FFFFEOQO—
HFFFFEFFF

Notes: 1. For details see section 10.2.8, Synchronous DRAM Mode Register.

2. Initialized during a power-on reset.
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10.1.5 Area Overview

Space Allocation: The SH7708 Series architecture provides for a 32-bit virtual address space.
The virtua spaceisdivided into five areas by the value of the upper bits of the address. The
physical spaceisdivided into eight areas with a 29-bit address space.

Virtual space can be allocated at will to physical spaces using a memory management unit
(MMU). For details, refer to section 3, Memory Management Unit, which describes area allocation
for physical spaces.

As shown in table 10.4, the SH7708 Series can be connected directly to seven areas of
memory/PC card, and it outputs chip select signals (CS0-CS6, CE2A, CE2B) for each of them.
CS0 is asserted during area 0 access; CS6 is asserted during area 6 access. When DRAM,
synchronous DRAM, or pseudo-SRAM is connected to area 2 or 3, signals such asRAS, CAS,
RD/WR, and DQM are aso asserted. When PCMCIA interfaceis selected in area5 or 6, in
addition to CS5/CS6, CE2A/CE2B are asserted for the corresponding bytes accessed.

For virtual address spaces PO and P3, when the memory management unit (MMU) is on, any
physical address can be generated by the MMU for avirtual address. Consequently, figure 10.2 can
be applied when the MMU is off, and when the MMU is on and the physical addresses
corresponding to virtual addresses are identical except for the top 3 bits. When virtual addresses are
trandated to arbitrary physical addresses, refer to table 10.3, Physical Address Space Map.

F00000000 £ Area 0 (CS0) H'00000000

Area 1 (CS1) H'04000000

Area 2 (CS2) H'08000000

;
H'20000000

] L YOON| Area3(CS3) | H0C000000

, PO, UO- Lyl \\\\\ Il iy A
H'40000000 LA “Wan| Area4 (CS4) | H10000000
IS ) it \\:\ Area5(CSE) | H'14000000
H'60000000 ,///,’,,’/,' \M  Area6(CS6) | H18000000

H'80000000 yhi _
P1 Sl Physical address space
s
H'A0000000 i
P2 /’ /"
H'C0000000 ]
P3 /
S /
H'E0000000
P4

Virtual address space

Figure 10.2  Correspondence between Virtual Address Space and Physical
Address Space
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Table 10.3Physical Address Space Map

Area Physical Address Connectable Memory Capacity Access
Size
0 H'00000000 to H'03FFFFFF Normal memory*?, burst 64 Mbytes 8, 16, 32"2
H'00000000 + H20000000 x nto "OM Shadow  n: 1-6
H'03FFFFFF + H'20000000 x n
1 H'04000000 to H'0O7FFFFFF Normal memory 64 Mbytes 8, 16, 32™3
H'04000000 + H'20000000 % n to Shadow n: 1-6
H'07FFFFFF + H'20000000 x n
2 H'08000000 to H'OBFFFFFF Normal memory, 64 Mbytes 8, 16, 32"3. ™
H'08000000 + H'20000000 x n to SYNChronous DRAM, DRAM  gpa46y,  n: 1-6
H'OBFFFFFF + H'20000000 x n
3 H'0C000000 to HOFFFFFFF Normal memory, 64 Mbytes 8, 16, 32"
H'0C000000 + H'20000000 x n to SYNCNTONOUS DRAM, DRAM, - Shadow  n: 1-6
HOFFFFFFF + H20000000xn ~ PSeudo-SRAM
4 H'10000000 to H'13FFFFFF Normal memory 64 Mbytes 8, 16, 32"
H'10000000 + H'20000000 % n to Shadow  n:1-6
H'13FFFFFF + H'20000000 % n
55 H'14000000 to H'15FFFFFF Normal memory, PCMCIA, 32 Mbytes 8, 16, 32 *3.*6
H'16000000 to H'17FFFFFF burst ROM 32 Mbytes
H'14000000 + H'20000000 % n to Shadow  n:1-6
H'17FFFFFF + H'20000000 % n
6 H'18000000 to H'19FFFFFF Normal memory, PCMCIA, 32 Mbytes 8, 16, 32 *3.76
H'1A000000 to H'1BFFFFFF ~ PUrStROM
H'18000000 + H'20000000 % n to Shadow n: 1-6
H'1BFFFFFF + H'20000000 x n
7*7  H'1C000000 + H'20000000 xn  Reserved area n: 0-7
to H'1FFFFFFF + H'20000000 x n
Notes: 1. Memory with an SRAM, ROM, or similar interface
2. Memory bus width specified by external pin
3. Memory bus width specified by register
4. With synchronous DRAM interface, bus width is 32 bits only.
With DRAM interface, bus width is 16 bits only.
5. With synchronous DRAM interface, bus width is 32 bits only.
With DRAM and pseudo-SRAM interface, bus width is either 16 or 32 bits only. When
areas 2 and 3 are both DRAM interface areas, bus width is 16 bits only.
6. With PCMCIA interface, bus width is either 8 or 16 bits only.
7. Do not access a reserved area, as operation cannot be guaranteed in this case.
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Area 0: H'00000000 Normal memory/
burst ROM

Area 1: H'04000000
Normal memory

Area 2: H'08000000 Normal memory/ Only DRAM with a 16-bit bus
synchronous DRAM, DRAM | can be connected to area 2

Area 3: H'0C000000 | Normal memory/synchronous
DRAM, DRAM, pseudo-SRAM

Area 4: H'10000000
Normal memory

Area 5: H'14000000 Normal memory/ The PCMCIA interface is for
burst ROM/PCMCIA the memory card only

Area 6: H'18000000 Normal memory/ The PCMCIA interface is shared
burst ROM/PCMCIA by the memory and 1/O card

Figure 10.3 Physical Space Allocation

Memory Size: The memory size in the SH7708Series 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). The
relationship between the external pins (MD4 and MD3) and the bus width after a power-on reset is
asfollows.

MD4 MD3 Bus Width

0 0 Reserved (do not set)
1 8 bits

1 0 16 bits
1 32 bits

For areas 1-6, byte, word, and longword may be chosen for the bus width using bus control
register 2 (BCR2) whenever normal memory, ROM, burst ROM, or the PCMCIA interfaceis
used. When the DRAM or pseudo-SRAM interfaces are used, word or longword can be chosen as
the bus width using the individual memory control register (MCR). Set the bus width to longword
with MCR for synchronous DRAM interfaces.

When area 2 isused asa DRAM area, set the bus widths of areas 2 and 3 to word. When areas 5
and 6 are used as PCMCIA interfaces, set the bus width to byte or word. When using the port
function, set each of the bus widths to byte or word for all areas. For more information, see
section 10.2.2, Bus Control Register 2 (BCR2), and section 10.2.5, Individual Memory Control
Register (MCR).
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Shadow Space: Areas 06 are decoded by physical address bits A28—-A26, which correspond to
areas 000 to 110. Address bits 31-29 are ignored. This means that the range of area 0 addresses, for
example, is H'00000000 to H'03FFFFFF, and its corresponding shadow space is the address space
obtained by adding to it H'20000000 x n (n = 1-6). The address range for area 7, which is on-chip
1/0 space, is H'FC000000 to H'FFFFFFF. The address space H'1C000000 + H'20000000 x n—
H'1FFFFFFF + H'20000000 % n (n = 0-6) corresponding to the area 7 shadow space is reserved,
so should not be used.

10.1.6 PCMCIA Support

The SH7708 Series supports PCMCIA standard interface specifications in physical space areas 5
and 6.

The interface supported is basically the IC memory card interface and I/O card interface defined by
PCMCIA Specifications Version 4.2. In addition, burst access is supported to enable high-speed
access.

Physical space area 5 supports the IC memory card interface only; area 6 supports both the IC
memory card interface and the 1/O card interface.

Table 10.4PCMCIA Interface Characteristics

Item Characteristics

Access Random access + burst access (ROM page mode correspondence added)
Data bus 8/16 bits

Memory type Mask ROM, OTPROM, EPROM, EEPROM, flash memory, SRAM

Memory capacity Maximum 32 Mbytes

I/O section capacity Maximum 32 Mbytes

Other Supports dynamic I/O bus sizing* and access to PCMCIA interface from
both the address translation area and non-address translation area

Note: Dynamic I/O bus sizing is supported only in little-endian mode.

Area 5: H'14000000 | Common memory/Attribute memory

Area 5: H'16000000 ><

Area 6: H'18000000 | Common memory/Attribute memory

Area 6: H'1A000000 I/O space

Figure 10.4 PCMCIA Space Allocation
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Table 10.5PCMCIA Support Interface

IC Memory Card Interface I/0 Card Interface SH7708
Series
Pin Signal I/O Function Signal I/O Function Pin
1 GND — Ground GND — Ground —
2 D3 /O Data D3 I/O Data D3
3 D4 I/O Data D4 I/O Data D4
4 D5 /O Data D5 /O Data D5
5 D6 I/O Data D6 I/O Data D6
6 D7 I/O Data D7 I/O Data D7
7 CE1 | Card enable CE1 | Card enable CS5 or CS6
8 AlO | Address A10 | Address A10
9 OE | Output enable OE | Output enable RD
10 All I Address All | Address All
11 A9 | Address A9 I Address A9
12 A8 | Address A8 I Address A8
13 Al3 I Address Al3 | Address Al3
14 Al4 | Address Al4 | Address Al4
15 WE/PGM |  Write enable WE/PGM |  Write enable WET
16 RDY/BSY O Ready/Busy IREQ O Interrupt request  Sensed at port
17  Vcc Operation power Vee Operation power —
18 VPP1 Program power VPP1 Program/ —
peripheral power
19 Al6 I Address Al6 | Address Al6
20 A15 I Address A15 | Address Al5
21 Al12 | Address Al12 | Address Al12
22 A7 I Address A7 I Address A7
23 A6 | Address A6 I Address A6
24 A5 | Address A5 I Address A5
25 A4 I Address A4 I Address A4
26 A3 | Address A3 I Address A3
27 A2 | Address A2 I Address A2
28 Al I Address Al I Address Al
29 A0 | Address A0 I Address A0
30 DO I/O Data Do /O Data Do
197

HITACHI



198
HITACHI



Table 10.5PCMCIA Support Interface (cont)

IC Memory Card Interface

1/0 Card

Interface

SH7708
Series

Pin Signal I/O Function Signal I/O Function Pin

31 D1 /O Data D1 /O Data D1

32 D2 /O Data D2 /O Data D2

33  WP* O  Write protect 10IS16 O 16 bit I/O port I0IS16

34 GND Ground GND Ground —

35 GND Ground GND Ground —

36 CD1 O  Card detection CD1 O  Card detection Sensed at port

37 D11 I/0 Data D11 I/O Data D11

38 D12 I/0 Data D12 /O Data D12

39 D13 I/0 Data D13 I/O Data D13

40 D14 I/0 Data D14 I/O Data D14

41 D15 I/0 Data D15 /0 Data D15

42 CE2 | Card enable CE2 I Card enable CE2A or CE2B

43 RFSH | Refresh request RFSH I Refresh request Output from
port

44 RFU Reserved IORD | 1/Oread ICIORD

45 RFU Reserved IOWR I I/O write ICIOWR

46 A17 I Address Al7 | Address Al7

47 A18 I Address Al8 | Address Al8

48 A19 | Address A19 | Address A19

49 A20 I Address A20 | Address A20

50 A21 | Address A21 | Address A21

51 Vcc Power supply Vee Power supply —

52  VPP2 Program power VPP2 Program/ —

peripheral power

53 A22 | Address A22 | Address A22

54 A23 I Address A23 | Address A23

55 A24 | Address A24 | Address A24

56 A25 | Address A25 | Address Output from
port

57 RFU Reserved RFU Reserved —

58 RESET | Reset RESET | Reset Output from
port
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Table 10.5PCMCIA Support Interface (cont)

IC Memory Card Interface I/0 Card Interface SH7708
Series

Pin Signal I/0 Function Signal I/0 Function Pin

59 WAIT O  Wait request WAIT O  Wait request WAIT

60 RFU Reserved INPACK O Input acknowledge —

61 REG | Attribute memory  REG | Attribute memory  Output from
space select space select port

62 BVD2 O Battery voltage SPKR O Digital voice signal Sensed at port
detection

63 BVD1 O Battery voltage STSCHG O Card status Sensed at port
detection change

64 D8 I/0 Data D8 /0 Data D8

65 D9 /0 Data D9 /0 Data D9

66 D10 I/0 Data D10 /O Data D10

67 CD2 O Card detection CD2 O Card detection Sensed at port

68 GND Ground GND Ground —

Note: The SH7708 Series does not provide WP support.
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10.2 BSC Registers

10.2.1 Bus Control Register 1 (BCR1)

The bus control register 1 (BCR1) is a 16-bit read/write register that sets the functions and bus
cycle status for each area. It isinitialized to H'0000 by a power-on reset, but is not initialized by a
manual reset or in standby mode. Do not access external memory outside area O until BCR1
register initialization is complete.

Bit: 15 14 13 12 11 10 9 8
Bit name: — — HIZMEM*?> HIZCNT ENDIAN AOBST1 AOBSTO A5BST1
Initial value: 0 0 0 0 0/1*! 0 0 0
R/W: R R RW R/W R RW RW RW
Bit: 7 6 5 4 3 2 1 0

Bit name: A5BSTO A6BST1 A6BSTO DRAM DRAM DRAM A5PCM A6PCM
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

Notes: 1. Samples the value of the external pin designating endian upon a power-on reset.
2. Reserved bit in the SH7708.

Bits 15 and 14—Reserved: These bits always read 0. The write value should always be 0.

Bits 13 (SH7708)—Reserved: These hits always read 0. The write value should always be 0. This
bit is not supported in emulator.

Bit 13 (SH7708S, SH7708R) —High-Z Memory Control (HIZMEM): Specifies the state of A25
to AQ, BS, CS, RD/WR, WE/DQM, RD, MD3/CE2A, and MD4/CE2B in standby mode.

Bit 13: HIZMEM Description

0 High-impedance (high-Z) in standby mode (Initial
value)
1 Drive state in standby mode

Bit 12—High-Z Control (HIZCNT): Specifies the state of the RAS and CAS signalsin the
standby and bus-rel eased states.
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Bit 12: HIZCNT Description

0 RAS and CAS signals become high-impedance (High-Z) in standby mode and
in bus-released state. (Initial
value)

1 RAS and CAS signals drive in standby mode and in bus-released state.

Bit 11—Endian Flag (ENDIAN): Samples the value of the external pin designating endian upon a
power-on reset. Endian for al physical spacesis decided by this bit, which is read-only.

Bit 11: ENDIAN Description

0 (On reset) Endian setting external pin (MD5) is low. Indicates the SH7708
Series is set as big-endian.
1 (On reset) Endian setting external pin (MD5) is high. Indicates the SH7708

Series is set as little-endian.

Bits 10 and 9—Area 0 Burst ROM Control (AOBST1-A0BSTO0): These bits specify whether to use
burst ROM in physical space area 0. When burst ROM is used, they set the number of burst

transfers.

Bit 10: AOBST1 Bit 9: AOBSTO

Description

0 0 Access area 0 as normal 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 only 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.

Bits 8 and 7—Area 5 Burst Enable (ASBST1-A5BST0): These bits specify whether to use burst
ROM and PCMCIA burst mode in physical space area 5. When burst ROM and PCMCIA burst
mode are used, they set the number of burst transfers.
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Bit 8: A5BST1 Bit 7: AS5BSTO Description

0 0 Access area 5 as normal 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 only 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-A6BST0): These bits specify whether to use burst
ROM and PCMCIA burst mode in physical space area 6. When burst ROM and PCMCIA burst
mode are used, they set the number of burst transfers.

Bit 6: A6BST1 Bit 5: A6BSTO Description

0 0 Access area 6 as normal 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 only 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, DRAMTP1, DRAMTPO): These bits
designate the types of memory connected to physical space areas 2 and 3. Norma memory, such as
ROM, SRAM, or flash RAM, can be directly connected. Pseudo-SRAM, DRAM, and
synchronous DRAM can also be directly connected.

Bit 4: Bit 3: Bit 2: Description
DRAMTP2 DRAMTP1 DRAMTPO
0 0 0 Areas 2 and 3 are normal memory
(Initial
value)
1 Area 2: normal memory; area 3: PSRAM
1 0 Area 2: normal memory; area 3: SDRAM
1 Areas 2 and 3 are SDRAM
1 0 0 Area 2: normal memory; area 3: DRAM
1 Areas 2 and 3 are DRAM *
1 0 Reserved (cannot be set)

1 Reserved (cannot be set)

Note: When selecting these bits, set the area 2 and 3 bus widths as word. The MD5 pin output is
the RAS2 signal.

Bit 1—Area 5 Bus Type (A5PCM): Designates whether to access physical space area’5 as
PCMCIA space.

Bit 1: AS5PCM Description
0 Access physical space area 5 as normal memory. (Initial value)
1 Access physical space area 5 as PCMCIA space.*

Note: MD3 pin output is CE2A.

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 normal memory. (Initial value)
1 Access physical space area 6 as PCMCIA space.*

Note: MD4 pin output is CE2B.

10.2.2 Bus Control Register 2 (BCR2)

Bus control register 2 (BCR2) is a 16-hit read/write register that selects the bus size of each area,
and whether to use the 8-bit port. It isinitialized to H'3FFC by a power-on reset, but is not
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initialized by a manual reset or in standby mode. Do not access external memory outside area 0
until BCR2 register initialization is complete.

Bit: 15 14 13 12 11 10 9 8
Bit name: — — A6SZ1 A6SZ0 A5SZ1 A5SZ0 A4SZ1 A4SZ0
Initial value: 0 0 1 1 1 1 1 1
R/W: R R RW R/W RW RW RW R/W
Bit: 7 6 5 4 3 2 1 0
Bitname: A3SZ1 A3SZ0 A2Szl1 A2SZ0 A1SzZl1 Al1SZ0 — PORTEN
Initial value: 1 1 1 1 1 1 0 0
R/W: RMW RW RW RW R/W R/W — R/W

Bits 15, 14, 1—Reserved: These bits aways read 0. The write value should always be 0.

Bits2n + 1, 2n—Arean (1-6) Bus Size Specification (AnSZ1, AnSZ0): These bits specify the
bus sizes of physical space arean (n = 1to 6).

Bit 2n + 1: Bit 2n: AnSZz0 Bit 0: PORTEN Description

AnSZ1

0 0 0 Reserved (not settable)
1 Byte (8-bit) size

1 0 Word (16-bit) size
1 Longword (32-bit) size

(Initial
value)

0 0 1 Reserved (not settable)
1 Byte (8-bit) size

1 0 Word (16-bit) size
1 Reserved (not settable)

Bit 0—Port Function Enable (PORTEN): Designates whether to use the D23-D16 pins as an 8-bit
port. When using this function set the bus widths to word or bytein all areas.

Bit 0: PORTEN Description

0 D23-D16 are not used as a port. (Initial value)

1 D23-D16 are used as a port.

10.2.3 Wait State Control Register 1 (WCR1)
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Wait state control register 1 (WCR1) is a 16-bit read/write register that specifies the number of idle
(wait) state cyclesinserted 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 isturned off. This can result
in conflicts between data buses when consecutive memory accesses are to different memories or
when awrite immediately follows amemory read. The SH7708 Series automatically insertsidle
states equal to the number set in WCRL in those cases.

WCRL isinitialized to H'3FFF by a power-on reset. It is not initialized by a manual reset or in
standby mode, but retains its contents.

Bit: 15 14 13 12 11 10 9 8
Bit name: — — AG6IW1 A6IWO0 AS5IW1 A5IW0 A4IW1  A4IwW0
Initial value: 0 0 1 1 1 1 1 1
R/W: R R R/W R/W R/W R/W R/W R/W
Bit: 7 6 5 4 3 2 1 0
Bit name: A3IW1 A3IW0 A2Iwl A2IW0 AllW1l AlIWO0 AO0IW1 AO0IwW0
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
Bits 15, 14 —Reserved: These bits aways read 0. The write value should always be 0.

Bits2n + 1, 2n—Arean (6-0) Intercycle Idle Specification (AnIW1, AnlW0): These bits specify
the number of idles inserted between bus cycles when switching between physical space arean (6—
0) to another space or between aread access to awrite access in the same physical space.

Bit 2n + 1: Bit 2n: AnIWO0 Description
Anlw1
0 0 No idle cycles
1 1 idle cycle inserted
1 0 2 idle cycles inserted
1 3 idle cycles inserted (Initial
value)
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10.2.4 Wait State Control Register 2 (WCR2)

Wait state control register 2 (WCR?2) is a 16-bit read/write register that specifies the number of
walit state cyclesinserted for each area. It also specifies the pitch of data access for burst memory
accesses. This allows direct connection of even low-speed memories without an externa circuit.
WCR2 isinitialized to H'FFFF by a power-on reset. It is not initialized by a manual reset or in
standby mode, but retains its contents.

Bit: 15 14 13 12 11 10 9 8
Bit name: A6W?2 AB6W1 ABWO ABW?2 A5W1 A5W0 A4W?2 A4W1
Initial value: 1 1 1 1 1 1 1 1

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

Bit: 7 6 5 4 3 2 1 0
Bit name: A4WO0 A3W1 A3W0 Al-2W1 Al1-2W0 A0W2 AOW1 AOWO
Initial value: 1 1 1 1 1 1 1 1

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

Bits 15 to 13—Area 6 Wait Control (A6W2, ABW1, ABWO0): These bits specify the number of
wait statesinserted in physical space area 6. They also specify the burst pitch for burst transfer.

Description

Burst Cycle
First Cycle (Excluding First Cycle)
Bit 15: Bit 14: Bit 13: Inserted _ Number of States

A6W2 A6W1 A6WO Wait States WAIT Pin Per Data Transfer WAIT Pin
0 0 0 0 Ignored 2 Enabled
1 1 Enabled 2 Enabled

1 0 2 Enabled 3 Enabled

1 3 Enabled 4 Enabled

1 0 0 4 Enabled 4 Enabled
1 6 Enabled 6 Enabled

1 0 8 Enabled 8 Enabled

1 10 (Initial value) Enabled 10 Enabled
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Bits 12 to 10—Area 5 Wait Control (A5W2, ASW1, A5W0): These bits specify the number of
wait statesinserted in physical space area 5. They also specify the burst pitch for burst transfer.

Description

First Cycle

Burst Cycle
(Excluding First Cycle)

Bit 12: Bit 11: Bit 10: Inserted
A5W2 A5W1 A5WO0 Wait States WAIT Pin

Number of States
Per Data Transfer WAIT Pin

0 0 0 0 Ignored 2 Enabled
1 1 Enabled 2 Enabled

1 0 2 Enabled 3 Enabled

1 3 Enabled 4 Enabled

1 0 0 4 Enabled 4 Enabled
1 6 Enabled 6 Enabled

1 0 8 Enabled 8 Enabled

1 10 (Initial value) Enabled 10 Enabled

Bits 9 to 7—Area 4 Wait Control (A4W2, A4W1, A4AWO0): These bits specify the number of wait

states inserted in physical space area 4.

Description

Bit 9: A4W2 Bit 8: A4W1 Bit 7: A4WO Inserted Wait WAIT Pin
States
0 0 0 0 Ignored
1 1 Enabled
1 0 2 Enabled
1 3 Enabled
1 0 0 4 Enabled
1 6 Enabled
1 0 8 Enabled
1 10 Enabled (Initial value)
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Bits 6 and 5—Area 3 Wait Control (A3W1, A3WO0): These hits specify the number of wait states
inserted in physical space area 3. External wait input is enabled only when normal memory is
used, and isignored when DRAM, synchronous DRAM, or pseudo-SRAM is used.

e For Norma Memory

Description

Bit 6: A3WO Bit 5: A3WO0 Inserted Wait States WAIT Pin
0 0 0 Ignored
1 1 Enabled
1 0 2 Enabled
1 3 Enabled (Initial value)
« For DRAM, SDRAM, Pseudo-SRAM
Description
DRAM: CAS SDRAM: CAS  PSRAM: OE, WE
Bit 6: A3W1 Bit 5: ABNO Assert Period Latency Assert Period
0 0 1 1 1
1 1 1 1
1 0 2 2 2
1 3 3 3 (Initial value)

Bits4 and 3—Areas 1 and 2 Wait Control (A1-2W1, A1-2WO0): These bits specify the number of
wait states inserted in physical space areas 1 and 2. External wait input is enabled only when
normal memory is used, and isignored when DRAM or synchronous DRAM is used.
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e For Norma Memory
Description

Bit 4: A1-2W0 Bit 3: A1-2W0 Inserted Wait States WAIT Pin
0 0 0 Ignored
1 1 Enabled
1 0 2 Enabled
1 3 Enabled (Initial value)

« For DRAM, Synchronous DRAM
Description

Bit 4: A1-2WO0 Bit 3: A1-2W0 DRAM: CAS Assert Period SDRAM: 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, AOW1, AOWO0): These bits specify the number of wait
states inserted in physical space area 0. They also specify the burst pitch for burst transfer.

Description

Burst Cycle
First Cycle (Excluding First Cycle)
Bit 2: Bit 1. Bit O: Inserted L Number of States

AOW2 AOW1 AOWO Wait States WAIT Pin Per Data Transfer WAIT Pin
0 0 0 0 Ignored 2 Enabled
1 1 Enabled 2 Enabled

1 0 2 Enabled 3 Enabled

1 3 Enabled 4 Enabled

1 0 0 4 Enabled 4 Enabled
1 6 Enabled 6 Enabled

1 0 8 Enabled 8 Enabled

1 10 (Initial value) Enabled 10 Enabled

10.2.5 Individual Memory Control Register (MCR)
The individual memory control register (MCR) is a 16-bit read/write register that specifiesRAS
and CAS timing and burst control for DRAM (area 3 only), synchronous DRAM (areas 2 and 3),
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and pseudo-SRAM, specifies address multiplexing, and controls refresh. This enables direct
connection of DRAM, synchronous DRAM and pseudo-SRAM without external circuits.

MCR isinitialized to H'0000 by a power-on reset, but is not initialized by a manual reset or in
standby mode. Bits TPC1-TPCO, RCD1-RCDO, TRWL1-TRWLO, TRASI-TRASO, BE, SZ,
AMX1-AMXO0, and EDOMODE are written to in 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 the
other bits. When using DRAM, pseudo-SRAM, and synchronous DRAM, do not access areas 2
and 3 until thisregister isinitialized.

Bit: 15 14 13 12 11 10 9 8
Bit name: TPC1 TPCO RCD1 RCDO TRWL1 TRWLO TRAS1 TRASO
0 0 0 0 0 0 0 0

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

Bit: 7 6 5 4 3 2 1 0
Bit name: — BE Sy4 AMX1 AMX0O RFSH RMODE EDO
MODE
Initial value: 0 0 0 0 0 0 0 0
R/W: R RW RW RW RW RW RW R/W

Bits 15 and 14—RAS Precharge Time (TPC1, TPCO0): When DRAM interface is selected as
connected memory, the TPC bits set the minimum number of cycles until the next RAS assertion
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. When pseudo-
SRAM interface is selected, they set the minimum number of cycles until the next CE assertion
after CE negation.

Description

Bit 15: TPC1 Bit 14: TPCO Normally Immediately after Self-
Refresh
0 0 1 cycle (Initial value) 2 cycles (Initial value)
1 2 cycles 5 cycles
1 0 3 cycles 8 cycles
1 4 cycles 11 cycles
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Bits 11 and 10—Write-Precharge Delay (TRWL1, TRWLO): These bits set the synchronous
DRAM write-precharge delay time. This designates the time between the end of awrite cycle and
the next bank-active command. Thisisvalid 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: TRWL1Bit 10: TRWLODescription

0 0 1 cycle (Initial
value)
1 2 cycles
1 0 3 cycles

Reserved (cannot be set)

Bits 9 and 8—CAS-Before-RAS Refresh RAS Assert Time (TRAS1, TRASO): When DRAM
interface is selected as connected memory, the TRAS bits set theRAS assertion period for CAS-
before-RAS refreshes. When pseudo-SRAM interface is selected, they set theOE/RFSH assertion
period for auto-refreshes. When synchronous DRAM interface is selected, no bank-active command
isissued during the period TPC + TRAS after an auto-refresh command.

In the SH7708, set the same values in the TRAS bitsin MCR and DCR.

Bit 9: TRAS1 Bit 8 TRASO Description

0 0 2 cycles (Initial
value)
3 cycles
1 0 4 cycles
1 5 cycles

Bit 7—Reserved: This bit always reads 0. The write value should always be O.

Bit 6—Burst Enable (BE): Specifies whether to conduct a burst access of DRAM or pseudo-
SRAM. When accessing synchronous DRAM, burst accessis always carried out, regardless of this
bit’s designation.

Bit 6: BE Description

0 Burst disabled (Initial
value)

1 With DRAM interface, high-speed page mode access
With pseudo-SRAM interface, continuous data transfer in static column
mode
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Bit 5—Memory Data Size (SZ): Specifies the memory data bus size for DRAM, synchronous
DRAM, and pseudo-SRAM. Always set this bit to 1 when synchronous DRAM is used. Takes
precedence over the BCR2 register designation.

Bit 5: Sz Description

0 Word (16-bit) (Initial
value)

1 Longword (32-bit)

Bits 4 and 3—Address Multiplex (AMX1, AMXO0): These bits specify address multiplexing for
DRAM and synchronous DRAM. The actual address shift value differs between DRAM interface

and synchronous DRAM interface.
For DRAM Interface:

Bit 4: AMX1 Bit 3: AMXO0

Description

0 0 8-bit column address product (Initial
value)
1 9-bit column address product
1 0 10-bit column address product
1 11-bit column address product
For Synchronous DRAM Interface:
Bit 4: AMX1 Bit 3: AMX0 Description
0 0 16-Mbit product (1M x 16 bits) (Initial
value)
1 16-Mbit product (2M x 8 bits)
1 0 16-Mbit product (4M x 4 hits)

4-Mbit product (256k x 16 bits)

Bit 2—Refresh Control (RFSH): Determines whether or not refreshing of DRAM, synchronous
DRAM, and pseudo-SRAM is performed. The timer for generation of the refresh request frequency
can also be used asan interval timer.

Bit 2: RFSH Description

0 No refresh (Initial
value)

1 Refresh
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Bit 1—Refresh Mode (RMODE): Selects whether to perform an ordinary refresh or a self-refresh
when the RFSH hit 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, synchronous DRAM or pseudo-SRAM at the period set
by the refresh-related registers RTCNT, RTCOR and RTCSR. When arefresh request occurs
during an external bus cycle, the bus cycle will be ended and the refresh cycle performed. When the
RFSH bit is 1 and this bit isalso 1, the DRAM, synchronous DRAM or pseudo-SRAM will wait
for the end of any executing external bus cycle before going into a self-refresh. All refresh requests
to memory that isin 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— Extended Data Out (EDOMODE): Specifies the timing of data sampling during data reads
when using DRAM in EDO mode. Operating timing of memory other than DRAM does not
change even if this bit is set. Thisbit isvalid only for DRAM connected to area 3. Do not set this
bit to 1 when using synchronous DRAM or pseudo-SRAM.

Bit 0. EDOMODE Description

0 Set when using normal DRAM. Data is sampled during read cycle on the
falling edge of CKIO. (Initial
value)

1 Set when using EDO mode DRAM. Data is sampled during read cycle on the

rising edge of CKIO. Also, RAS signal negation is delayed 1/2 a CKIO
machine cycle.
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10.2.6 DRAM Control Register (DCR)

The DRAM area control register (DCR) is a 16-bit read/write register that specifiesRAS and CAS
timing and burst control for DRAM connected to area 2. It also specifies address multiplexing and
controls refreshing. When DRAM is connected to area 2, the bus width is fixed at 16 bits. In such
cases, set the area 3 bus width to 16 bits as well. Other areas should be 8 bits or 16 bits. DCR is
initialized to H'0000 by a power-on reset, but is not initialized by a manual resets or in standby
mode. Do not access external memory outside area 2 until initialization of this register is
complete.

Bit: 15 14 13 12 11 10 9 8
Bit name: TPC1 TPCO RCD1 RCDO — — TRAS1 TRASO
Initial value: 0 0 0 0 0 0 0 0
R/W: RW R/W RW RW R R RW R/W
Bit: 7 6 5 4 3 2 1 0
Bit name: — BE — AMX1  AMXO RFSH RMODE —
Initial value: 0 0 0 0 0 0 0 0
R/W: R RW R RW R/W R/W R/W

Bits 15 and 14—RAS Precharge Time (TPC1, TPCO0): These hits set the RAS precharge time for
the DRAM connected to area 2.

Description

Bit 15: TPC1 Bit 14: TPCO Normally Immediately after Self-
Refresh
0 0 1 cycle (Initial value) 2 cycles (Initial value)
1 2 cycles 5 cycles
1 0 3 cycles 8 cycles
1 4 cycles 11 cycles
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Bits 13 and 12—RAS-CAS Delay (RCD1, RCDQ): These bits set the RAS-CAS delay time for
the DRAM connected to area 2.

Bit 13: RCD1 Bit 12: RCDO Description

0 0 1 cycle (Initial
value)
1 2 cycles
1 0 3 cycles
4 cycles

Bits 9 and 8—CAS-Before-RAS Refresh RAS Assert Time (TRASL, TRASO): These bits set the
RAS assert period for CAS-before-RAS refreshing of the DRAM connected to area 2.

In the SH7708, set the same vaues in the TRAS bitsin MCR and DCR.

Bit 9: TRAS1 Bit 8 TRASO Description

0 0 2 cycles (Initial
value)
1 3 cycles
1 0 4 cycles
5 cycles

Bit 6—Burst Enable (BE): 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): These bits specify address multiplexing for the
DRAM connected to area 2.

Bit 4: AMX1 Bit 3: AMX0 Description

0 0 8-bit column address product (Initial
value)
1 9-bit column address product
1 0 10-bit column address product

11-bit column address product
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Bit 2—Refresh Control (RFSH): Determines whether or not refreshing of the DRAM connected to
area 2 is performed.

Bit 2: RFSH Description

0 No refresh (Initial
value)

1 Refresh

Bit 1—Refresh Mode (RMODE): 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)

10.2.7 PCMCIA Control Register (PCR)

The PCMCIA control register (PCR) is a 16-bit read/write register that specifies the OE and WE
signal assert/negate timing for PCMCIA interfaces connected to areas 5 and 6. TheOE and WE
signal assert pulse widths are designated by the WCR2 wait control bits. This register isinitialized
to H'0000 by a power-on reset, but is not initialized by a manual reset or in standby mode, and
retains its contents.

Bit: 15 14 13 12 11 10 9 8
Bit name: — — — — — — — —
Initial value: 0 0 0 0 0 0 0 0
R/W:
Bit: 7 6 5 4 3 2 1 0
Bit name: AS5TED1 AS5TEDO A6TED1 A6TEDO A5TEH1 AS5TEHO A6TEH1 A6TEHO
Initial value: 0 0 0 0 0 0 0 0

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

Bits 15 to 8—Reserved: These bits always read 0. The write value should always be 0.
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Bits 7 and 6—Area 5 AddressOE/WE Assert Delay (A5TED1, ASTEDO): These bits specify the

address to OE/WE assert delay time for the PCMCIA interface connected to area 5.

Bit 7: AS5TED1 Bit 6: AS5TEDO Description

0 0 0.5 cycle delay (Initial
value)
1 1.5 cycle delay
1 0 2.5 cycle delay

3.5 cycle delay

Bits 5 and 4—Area 6 AddressOE/WE Assert Delay (A6TED1, AGTEDO): These bits specify the

address to OE/WE assert delay time for the PCMCIA interface connected to area 6.

Bit 5: AG6TED1 Bit 4: A6TEDO Description

0 0 0.5 cycle delay (Initial
value)
1.5 cycle delay

1 0 2.5 cycle delay

3.5 cycle delay

Bits 3 and 2—Area 5 OE/WE Negate Address Delay (AS5TEH1, ASTEHO): These bits specify the

OE/WE negate address delay time for the PCMCIA interface connected to area 5.

Bit 3: A5TEH1 Bit 2: AS5TEHO Description

0 0 0.5 cycle delay (Initial
value)
1.5 cycle delay
1 0 2.5 cycle delay
1 3.5 cycle delay
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Bits 1 and 0—Area 6 OE/WE Negate Address Delay (A6TEH1, A6TEHO0): These bits specify the
OE/WE negate address delay time for the PCMCIA interface connected to area 6.

Bit 1: A6TEH1 Bit 0: A6TEHO Description

0 0 0.5 cycle delay (Initial
value)
1 1.5 cycle delay
1 0 2.5 cycle delay

3.5 cycle delay

10.2.8 Synchronous DRAM Mode Register (SDMR)

The synchronous DRAM mode register (SDMR) is written to via the synchronous DRAM address
bus and isavirtual 8-bit write-only register. It sets synchronous DRAM mode for areas 2 and 3.
SDMR settings must be made before synchronous DRAM is accessed.

Writes to the synchronous DRAM mode register use the address bus rather than the data bus. If the
value to be set is X and the SDMR addressis Y, the value X is written in the synchronous DRAM
mode register by writing in address X + Y. Since A0 of the synchronous DRAM is connected to
A2 of the chip and A1 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. For example,
when H'0230 is written to the SDMR register of area 2, random data is written to the address
H'FFFDOOO (address Y) + H'08CO (value X), or H'FFFFD8CO. As a result, H'0230 is written to
the SDMR register. When H'0230 is written to the SDMR register of area 3, random datais
written to the address H'FFFEQOO (address Y) + H'08CO (value X) or H'FFFFE8CO. As aresullt,
H'0230 is written to the SDMR register. The range for value X is H'000 to H'OFFC.

Address bits

Bit: 31 12 11 10 9 8

Bit name: SDMR address
Initial value: — e — - _ _ _
R/W: e _ W W W Y
Bit: 7 6 5 4 3 2 1 0

Bit name:

Initial value: — — — — — — — —
R/W: W W W W w W — —

Note: Depending on the type of synchronous DRAM.
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10.2.9 Refresh Timer Control/Status Register (RTCSR)

The refresh timer control/status register (RTSCR) is a 16-bit read/write register that specifies the
refresh cycle, whether to generate an interrupt, and the cycle of that interrupt. RTSCR isinitialized
to H'0000 by a power-on reset, but is not initialized by a manual reset or in standby mode.

Note: The method for writing to RTCOR is different from that for general registers to prevent
inadvertent overwriting. Using aword transfer instruction, place B'10100101 in the upper
byte and the write data in the lower byte. For details, see section 10.2.13, Cautions on
Accessing Refresh Control Related Registers.

Bit: 15 14 13 12 11 10 9 8
Bit name: — — — — — — — —
Initial value: 0 0 0 0 0 0 0 0
R/W:
Bit: 7 6 5 4 3 2 1 0
Bit name: CMF CMIE CKS2 CKS1 CKSO0 OVF OVIE LMTS
Initial value: 0 0 0 0 0 0 0 0

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

Bits 15 to 8—Reserved: These bits always read 0.

Bit 7—Compare Match Flag (CMF): Status flag that indicates that the values of RTCNT and
RTCOR match.

Bit 7: CMF Description

0 The values of RTCNT and RTCOR do not match.
Clearing condition: When a refresh is performed after O 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.
Setting condition: RTCNT = RTCOR*

Note: Contents do not change when 1 is written to CMF.

Bit 6—Compare Match Interrupt Enable (CMIE): Enables or disables an interrupt request caused
when the CMF bit in RTCSR is set to 1. Do not set this bit to 1 when using CAS-before-RAS
refreshing or auto-refreshing.
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Bit 6: CMIE Description

0 Disables the interrupt request caused by CMF (Initial
value)
1 Enables the interrupt request caused by CMF

Bits 5 to 3—Clock Select Bits (CKS2—CK S0): These bits select the clock input to RTCNT. The
source clock isthe external bus clock (CKI10). The RTCNT count clock is CKIO scaled by the
specified ratio.

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

0 0 0 Disables clock input (Initial
value)

Bus clock (CKIO)/4
CKlO/16

CKlO/64

CKI0/256
CKl10/1024
CK10/2048
CKI10/4096

[EEY
o
R | O|FRr | O|Fr, | O|r

Bit 2—Refresh Count Overflow Flag (OVF): Status flag that indicates when the number of refresh
reguests indicated in the refresh count register (RFCR) exceeds the limit set in the LMTS bit in
RTCSR.

Bit 2: OVF Description

0 RFCR has not exceeded the count limit value set in LMTS
Clearing Condition: When 0 is written to OVF (Initial
value)

1 RFCR has exceeded the count limit value set in LMTS
Setting Condition: When the RFCR value has exceeded the count limit value
setin LMTS*

Note: Contents do not change when 1 is written to OVF.

Bit 1—Refresh Count Overflow Interrupt Enable (OVIE): Selects whether to suppress generation
of interrupt requests by OVF when the OVF bit of RTCSR is set to 1.
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Bit 1: OVIE Description

0 Disables interrupt requests caused by OVF (Initial
value)
1 Enables interrupt requests caused by 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 exceeds 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

10.2.10Refresh Timer Counter (RTCNT)

RTCNT is a 16-bit read/write register containing an 8-bit counter that counts up on an input
clock. The clock select bits (CKS2—CKS0) in RTCSR select the input clock. When RTCNT
matches RTCOR, the OVF bit in RTCSR is set and RTCNT iscleared. RTCNT isinitialized to
H'00 by a power-on reset; it continues incrementing after a manual reset; it isnot initialized in
standby mode, but retains its contents.

Note: The method for writing to RTCOR is different from that for general registers to prevent
inadvertent overwriting. Using aword transfer instruction, place B'10100101 in the upper
byte and the write data in the lower byte. For details, see section 10.2.13, Cautions on
Accessing Refresh Control Related Registers.

Bit: 15 14 13 12 11 10 9 8
Bit name: — — — — — — — —
Initial value: 0 0 0 0 0 0 0 0
R/W:
Bit: 7 6 5 4 3 2 1 0
Bit name:
Initial value: 0 0 0 0 0 0 0 0

R/W: RW R/W RW RW R/W R/W RW RW
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10.2.11Refresh Time Constant Register (RTCOR)

The refresh time constant register (RTCOR) is a 16-bit read/write register. The values of RTCOR
and RTCNT (lower 8 bits) are constantly compared. When the values match, the compare match
flag (CMF) in RTCSR is set and RTCNT is cleared to 0. When the refresh bit (RFSH) in the
individual memory control register (MCR) is set to 1 and the refresh mode is set to CAS-before-
RAS refresh, amemory refresh cycle occurs when the CMF bit is set. RTCOR isinitialized to
H'00 by a power-on reset. It is not initialized by a manual reset or in standby mode, but retainsits
contents.

Note: The method for writing to RTCOR is different from that for general registers to prevent
inadvertent overwriting. Using aword transfer instruction, place B'10100101 in the upper
byte and the write datain the lower byte. For details, see section 10.2.13, Cautions on
Accessing Refresh Control Related Registers.

Bit: 15 14 13 12 11 10 9 8
Bit name: — — — — — — — —
Initial value: 0 0 0 0 0 0 0 0
R/W:
Bit: 7 6 5 4 3 2 1 0
Bit name:
Initial value: 0 0 0 0 0 0 0 0

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

10.2.12Refresh Count Register (RFCR)

The refresh count register (RFCR) is a 16-bit read/write register containing a 10-bit counter that
increments every time RTCOR and RTCNT match. When RFCR exceeds the count limit value set
by the LMTS bit in RTCSR, the OVF hit in RTCSR is set and RFCR is cleared. RFCR is
initialized to H'0000 by a power-on reset. It is not initialized by a manual reset or in standby
mode, but retains its contents.

Note: The method for writing to RFCR is different from that for general registers to prevent
inadvertent overwriting. Using aword transfer instruction, place B'101001 in the top 6 bits
of the upper byte, and the write data in the remaining bits. For details, see section 10.2.13,
Cautions on Accessing Refresh Control Related Registers.
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Bit: 15 14 13 12 11 10 9 8

Bit name: — — — — — —
Initial value: 0 0 0 0 0 0 0 0
R/W: R R R R R R R/W RW
Bit: 7 6 5 4 3 2 1 0
Bit name:
Initial value: 0 0 0 0 0 0 0 0

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

10.2.13Cautions on Accessing Refresh Control Related Registers

RFCR, RTCSR, RTCNT, and RTCOR require that a specific code be appended to the data when it
iswritten 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, or RTCOR, use only word transfer instructions.
Byte transfer instructions cannot be used. 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.

2. When reading from RFCR, RTCSR, RTCNT, or RTCOR, use a 16-bit access. 0 is read from
undefined hits.

15 8 7 0

RTCSR,RTCNT, | 1 [o |1 [o o |1 ]0 ] 1] Write data |
RTCOR

15 10 9 0

RFCR|1 o1 [0 o] 1] Write data |

Figure 10.5 Writing to RFCR, RTCSR, RTCNT, and RTCOR
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10.3 BSC Operation

10.3.1 Endian/Access Size and Data Alignment

The SH7708 Seires supports both big-endian mode, in which the 0 addressis the most significant
byte in the byte data, and little-endian mode, in which the O address is the least significant byte.
Switching between the two is designated by an external pin (MD5 pin) at the time of a power-on
reset. After a power-on reset, big-endian mode is set when MD5 islow, and little-endian mode is
set when MD5 is high.

Three data bus widths are available for normal memory (byte, word, longword) and two data bus
widths (word and longword) for DRAM and pseudo-SRAM. Only longword is available for
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 datais read from a byte-
width device, four read operations must be executed. In the SH7708 Series, data alignment and
conversion of datalength is performed automatically between the respective interfaces.

Tables 10.6 through 10.11 show the relationship between endian, device data width, and access
unit.

Table 10.632-Bit External Device/Big Endian Access and Data Alignment

Data Bus Strobe Signal

WE3, WE2, WE1, WED,
CASHH, CASHL, CASLH, CASLL,
Operation D31-D24D23-D16D15-D8D7-D0 DQMUU DQMUL DQMLU DQMLL

Address 0 Data — — — Asserted — — —
byte access 7-0

Address 1 — Data — — — Asserted — —
byte access 7-0

Address 2 — — Data — — — Asserted —
byte access 7-0

Address 3 — — — Data — — — Asserted
byte access 7-0

Address 0 Data Data — — Asserted Asserted — —
word access 15-8 7-0

Address 2 — — Data Data — — Asserted Asserted
word access 15-8 7-0

Address 0 Data Data Data Data Asserted Asserted Asserted Asserted
longword 31-24 23-16 15-8 7-0
access
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Table 10.716-Bit

External Device/Big Endian

Access and Data Alignment

Data Bus Strobe Signal
WE3, WE2, WET1, WEO,
D31- D23- CASHH, CASHL, CASLH, CASLL,

Operation D24 D16 D15-D8D7-DO0 DQMUU DQMUL DQMLU DQMLL
Address 0 byte — — Data — — — Asserted —
access 7-0
Address 1 byte — — — Data — — — Asserted
access 7-0
Address 2 byte — — Data — — — Asserted —
access 7-0
Address 3 byte — — — Data — — — Asserted
access 7-0
Address 0 word — — Data Data — — Asserted Asserted
access 15-8 7-0
Address 2 word — — Data Data — — Asserted Asserted
access 15-8 7-0
Address 0 1sttime — — Data Data — — Asserted Asserted
longword (address 31-24 23-16
access 0)

2ndtime — — Data Data — — Asserted Asserted

(address 15-8 7-0

2)
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Table 10.88-Bit External Device/Big Endian

Access and Data Alignment

Data Bus Strobe Signal
WES3, WE2, WET1, WEQO,
D31- D23- D15- CASHH, CASHL, CASLH, CASLL,

Operation D24 D16 D8 D7-DO DQMUU DQMUL DQMLU DQMLL
Address 0 byte — — — Data7-0 — — — Asserted
access
Address 1 byte — — — Data 7-0 — — — Asserted
access
Address 2 byte — — — Data7-0 — — — Asserted
access
Address 3 byte — — — Data 7-0 — — — Asserted
access
Address 0 1sttime — — — Data — — — Asserted
word (address 15-8
access 0)

2nd time — — — Data7-0 — — — Asserted

(address

1)
Address 2 1sttime — — — Data — — — Asserted
word (address 15-8
access 2)

2nd time — — — Data 7-0 — — — Asserted

(address

3)
Address 0 1sttime — — — Data — — — Asserted
longword  (address 31-24
access 0)

2nd time — — — Data — — — Asserted

(address 23-16

1)

3rd time — — — Data — — — Asserted

(address 15-8

2)

4th time — — — Data7-0 — — — Asserted

(address

3)

227

HITACHI



Table 10.932-Bit External Device/Little Endian Access and Data Alignment

Operation

Data Bus

Strobe Signal

D31-D24D23-D16D15-D8D7-D0

WE3, WE2, WE1, WEO,
CASHH, CASHL, CASLH, CASLL,
DQMUU DQMUL DQMLU DQMLL

Address 0
byte access

Data
7-0

Asserted

Address 1
byte access

Data
7-0

Asserted —

Address 2
byte access

Data
7-0

Asserted —

Address 3
byte access

Data
7-0

Asserted —

Address 0
word access

Data
7-0

Data
15-8

Asserted Asserted

Address 2
word access

Data
15-8

Data
7-0

Asserted Asserted —

Address 0
longword
access

Data
23-16

Data
7-0

Data
15-8

Data
31-24

Asserted Asserted Asserted Asserted
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Table 10.10

16-Bit External Device/Little Endian Access and Data Alignment

Data Bus Strobe Signal
WES3, WE2, WET1, WEO,
D31- D23- CASHH, CASHL, CASLH, CASLL,

Operation D24 D16 D15-D8D7-DO0 DQMUU DQMUL DQMLU DQMLL
Address 0 byte — — — Data — — — Asserted
access 7-0
Address 1 byte — — Data — — — Asserted —
access 7-0
Address 2 byte — — — Data — — — Asserted
access 7-0
Address 3 byte — — Data — — — Asserted —
access 7-0
Address 0 word — — Data Data — — Asserted Asserted
access 15-8 7-0
Address 2 word — — Data Data — — Asserted Asserted
access 15-8 7-0
Address 0 1sttime — — Data Data — — Asserted Asserted
longword (address 15-8 7-0
access 0)

2ndtime — — Data Data — — Asserted Asserted

(address 31-24 23-16

2)
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Table 10.11 8-Bit External Device/Little Endian Access and Data Alignment

Data Bus Strobe Signal
WES3, WE2, WET1, WEO,
D31- D23- D15- CASHH, CASHL, CASLH, CASLL,
Operation D24 D16 D8 D7-DO DQMUU DQMUL DQMLU DQMLL
Address 0 byte — — — Data7-0 — — — Asserted
access
Address 1 byte — — — Data7-0 — — — Asserted
access
Address 2 byte — — — Data7-0 — — — Asserted
access
Address 3 byte — — — Data7-0 — — — Asserted
access
Address 0 1sttime — — — Data 7-0 — — — Asserted
word (address
access 0)
2nd time — — — Data — — — Asserted
(address 15-8
1)
Address 2 1sttime — — — Data7-0 — — — Asserted
word (address
access 2)
2nd time — — — Data — — — Asserted
(address 15-8
3)
Address 0 1sttime — — — Data7-0 — — — Asserted
longword (address
access 0)
2nd time — — — Data — — — Asserted
(address 15-8
1)
3rd time — — — Data — — — Asserted
(address 23-16
2)
4th time — — — Data — — — Asserted
(address 31-24
3)
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10.3.2 Description of Areas

Area 0: Area 0 physical address bits A28-A26 are 000. Address bits A31-A29 areignored and the
address range is H'00000000 + H'20000000 x n — H'03FFFFFF + H'20000000 % n (n = 0-6, n =
1-6 is the shadow space).

Normal 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 on a
power-on reset. For details, see Memory Size in section 10.1.5. When the Area O spaceis
accessed, the CSO signal is asserted. TheRD signal that can be used as OE and the WEO-WE3
signals for write control are also asserted. The number of bus cyclesis selected between 0 and 10
wait cycles using the AOW2-A0WO bitsin WCR2. Also, any number of waits can be inserted in
each bus cycle by means of the external wait pin (WAIT). When the burst function is used, the
bus cycle pitch of the burst cycleis determined within arange of 2—10 according to the number of
waits.

Area 1: Areal physical address bits A28-A26 are 001. Address bits A31-A29 are ignored and the
address range is H'04000000 + H'20000000 x n — H'07FFFFFF + H'20000000 x n (n = 0-6, n =
1-6 is the shadow space).

Only normal memories like SRAM and ROM can be connected to this space. Byte, word, or
longword can be selected as the bus width using the A1SZ1-A1SZ0 bitsin BCR2. When the Area
1 space is accessed, the CS1 signal is asserted. TheRD signal that can be used as OE and the
WEO-WE3 signals for write control are also asserted. The number of bus cycles is selected
between 0 and 3 wait cycles using the A12W1-A12WO0 bits in WCR2. Also, any number of waits
can beinserted in each bus cycle by means of the external wait pin (WAIT).

Area 2: Area2 physical address bits A28-A26 are 010. Address bits A31-A29 are ignored and the
address range is H'08000000 + H'20000000 x n — H'OBFFFFFF + H'20000000 x n (n = 0-6, n =
1-6 is the shadow space).

Normal 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
A2SZ1-A2SZ0 bitsin BCR2 for normal memory. For synchronous DRAM, set longword using
the SZ bit in MCR. When DRAM s connected to area 2, the bus width is fixed at 16 bits. The
bus width for area 3 also needs to be 16 hits.

When the area 2 space is accessed, theCS2 signal is asserted. When normal memories are
connected, theRD signal that can be used as OE and the WEO-WE3 signals for write control are
also asserted and the number of bus cyclesis selected between 0 and 3 wait cycles using the
A12W1 to A12WO0 bits in WCR2. When normal memory is connected, only, any number of waits
can be inserted in each bus cycle by means of the externa wait pin (WAIT).
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When synchronous DRAM is connected, the RAS signal, CAS signal, RD/WR signal, and byte
control signals DQMHH, DQMHL, DQMLH, and DQMLL are al asserted and addresses
multiplexed. Control of RAS, CAS, datatiming, and address multiplexing is set with MCR.

When DRAM is connected, the RAS2 signal, CAS2H signal, CAS2L signal, and RD/WR signal
are al asserted and addresses multiplexed. Control of RAS2, CAS, datatiming, and address
multiplexing is set with DCR.

Area 3: Area 3 physical address bits A28-A26 are 011. Address hits A31-A29 are ignored and the
address range is H'0C000000 + H'20000000 x n — H'OFFFFFFF + H'20000000 x n (n = 0-6, n =
1-6 is the shadow space).

Normal memories like SRAM and ROM, as well as DRAM, pseudo-SRAM, and synchronous
DRAM, can be connected to this space. Byte, word or longword can be selected as the bus width
using the A3SZ1-A3SZ0 hits in BCR2 for normal memory. For DRAM and pseudo-SRAM,
word or longword can be selected using the SZ bit in MCR. When synchronous DRAM is
connected, set to longword using the SZ bit in MCR.

When area 3 space is accessed, CS3 is asserted.

When normal memories are connected, theRD signal that can be used as OE and the WEO-WE3
signals for write control are asserted and the number of bus cyclesis selected between 0 and 3 wait
cycles using the A3W1-A3WO bitsin WCR2. When normal memory is connected, only, any
number of waits can be inserted in each bus cycle by means of the external wait pin (WAIT).

When synchronous DRAM is connected, the RAS signal, CAS signal, RD/WR signal, and byte
control signals DQMHH, DQMHL, DQMLH, and DQMLL are al asserted and addresses
multiplexed. When DRAM is connected, the RAS signal, CASHH signal, CASHL signal,
CASLH signal, CASLL signal, and RD/WR signal are all asserted and addresses multiplexed.
When pseudo-SRAM is connected, theCE signal, OE/RFSH signal, and WEO, WE1, WE2, and
WE3 signals are asserted. For all of these, control of RAS , CAS , and datatiming and of address
multiplexing is set with MCR.

Area4: Area4 physical address bits A28-A26 are 100. Address bits A31-A29 are ignored and
the address range is H'10000000 + H'20000000 x n — H'13FFFFFF + H'20000000 % n (n = 0-6,
n = 1-6 is the shadow space).

Only normal 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 bitsin BCR2. When the area
4 space is accessed, the CS4 signal is asserted. TheRD signal that can be used as OE and the
WEO-WE3 signals for write control are also asserted. The number of bus cycles s selected
between 0 and 10 wait cycles using the AAW2-A4WO0 bits in WCR2. Also, any number of waits
can beinserted in each bus cycle by means of the external wait pin (WAIT).

232
HITACHI



Areab: Area5 physical address bits A28-A26 are 101. Address bits A31-A29 areignored and
the address range is the 64 Mbytes at H'14000000 + H'20000000 x n — H'17FFFFFF +
H'20000000 x n (n = 06, n = 1-6 is the shadow space).

Normal memories like SRAM and ROM as well as burst ROM and PCMCIA interfaces can be
connected to this space. PCMCIA interfaces only use their IC memory card interface, so the
address range becomes the 32 Mbytes at H'14000000 + H'20000000 x n — H'15FFFFFF +
H'20000000 x n (n = 0-6, n = 1-6 is the shadow space).

For normal memory and burst ROM, byte, word, or longword can be selected as the bus width
using the A5SZ1-A5SZ0 bits in BCR2. For the PCMCIA interface, byte, and word can be
selected as the bus width using the A5SZ1-A5SZ0 hitsin BCR2.

When the area 5 space is accessed and normal memory is connected, theCS5 signal is asserted.
TheRD signal that can be used as OE and the WEO—-WE3 signals for write control are also
asserted. When the PCMCIA interfaceis used, theCE1 signal, CE2 signal, OE signal, and WE
signal are asserted.

The number of bus cyclesis selected between 0 and 10 wait cycles using the ASW2-A5W0 bitsin
WCR2. Also, any number of waits can be inserted in each bus cycle by means of the external wait
pin (WAIT). When aburst function is used, the bus cycle pitch of the burst cycle is determined
within arange of 2—10 according to the number of waits. The setup and hold times of
address’'CE1A/CE2A for the read/write strobe signals can be set within arange of 0.5-3.5 cycles
using the ASTED1-AS5TEDO and ASTEH1-A5TEHO bits in the PCR register.

Area 6: Area 6 physical address bits A28-A26 are 110. Address hits A31-A29 areignored and the
address range is the 64 Mbytes at H'18000000 + H'20000000 x n — H'1BFFFFFF + H'20000000
x n (n = 0-6, n = 1-6 is the shadow space).

Normal 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 the 32 Mbytes at H'18000000 + H'20000000 x n — H'19FFFFFF + H'20000000 x n and
the 1/O card interface address range is the 32 Mbytes at H'1A000000 + H'20000000 x n —
H'1BFFFFFF + H'20000000 x n (n = 0-6, n = 16 is the shadow space).

For normal memory and burst ROM, byte, word, or longword can be selected as the bus width
using the A6SZ1-A6SZ0 bits in BCR2. For the PCMCIA interface, byte, and word can be
selected as the bus width using the A6SZ1-A6SZ0 bitsin BCR2.

When the area 6 space is accessed and normal memory is connected, theCS6 signal is asserted.
TheRD signal that can be used as OE and the WEO-WE3 signals for write control are also
asserted. When the PCMCIA interface is used, theCE1B signal, CE2B signal, OE signal, and
WEI , ICORD, and ICOWR signals are asserted.
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The number of bus cyclesis selected between 0 and 10 wait cycles using the ABW2-A6WO0 bitsin
WCR2. Also, any number of waits can be inserted in each bus cycle by means of the external wait
pin (WAIT). When the burst function is used, the bus cycle pitch of the burst cycle is determined
within arange of 2—10 according to the number of waits. The setup and hold times of
address’CEIB/CE2B for the read/write strobe signal's can be set within arange of 0.5-3.5 cycles
using AGTED1-AG6TEDO and AGTEH1-AGTEHO.

If PCMCIA isused in area 6, synchronous DRAM is used at the same time, and a synchronous
DRAM auto-refresh (CAS-before-RAS refresh) request is issued simultaneously, area 6 card enable
signals CS6 and CE2B may be asserted earlier than usual, at the same time as the immediately
preceding auto-refresh cycle. When both PCM CIA and synchronous DRAM are used, they should
beused inarea5. When area 5 is used, the system design should provide for CSto be asserted
early without causing any problems.

10.3.3 Basic Interface

Basic Timing: The basic interface of the SH7708 Series uses strobe signal output because
mainly SRAM will be directly connected. Figure 10.6 shows the basic timing of normal space
accesses. A no-wait normal accessis completed in two cycles. TheBS signal is asserted for one
cycleto indicate the start of abus cycle. The CSn signal is negated on the T2 clock falling edge to
secure the negation period. Therefore, 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 in the
least significant bit of the address, but since there is no access size specification, 32 bits are aways
read in a 32-bit device, and 16 bitsin a 16-bit device. When writing, only the WE signal for the
byte to be written is asserted. For details, see section 10.3.1, Endian/Access Size and Data
Alignment.

Read/write for cache fill or copy-back follows the set bus width and transfers atotal of 16 bytes
continuously. The busis not released during this transfer. For cache misses that occur during byte
or word operand accesses or branching to odd word boundaries, the fill is aways performed by
longword accesses on the chip-external interface. Write-through area write access and noncacheable
read/write accessis based on the actual address size.
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Basic Timing of Basic Interface

Figure 10.6
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Figures 10.7, 10.8, and 10.9 show examples of connection to 32-, 16-, and 8-bit data width
SRAM.

128k x 8 hit
SH7708 Series SRAM
Al8 . Y
A2 — A
CSn cs
RD OE
D31 - 1107
D24 ' 1/00
WE3 WE
D23
D16 : A16
WE2
D15 : AO
: : Cs
D8 OE
WEH1 - 1107
D7 Pl
: : 1/00
DO WE
WEDO
A16
AQ
cs
OE
1107
/00
WE
A16
AQ
cs
OE
1107
/00
WE

Figure 10.7 Example of 32-Bit Data Width SRAM Connection
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128k x 8 bit

SH7708 Series SRAM
Al7 ) ] Al6
AL — Ao
CSn S
RD OE
D1-5 - |{O7
_D8 : 1/00
WE1 WE
b7
DO : Al16
WEO Pl
A0
()
OE
1/07
/00
WE

Figure 10.8 Example of 16-Bit Data Width SRAM Connection

128k x 8 bit
SH7708 Series SRAM

A16 . | A16

AO i ~_1 A0

Csn cs

RD OE
D7 - — 1/07
_DO . — /00

WEO WE

Figure 10.9 Example of 8-Bit Data Width SRAM 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 particul ar area are not zero, a
software wait is inserted in accordance with that specification. For details, see section 10.2.4, Wait
Control Register 2 (WCR2).

The specified number of Tw cyclesisinserted as wait cycles using the basic interface wait timing
shown in figure 10.10.

| | | | | 1 |
| | | | | 1 |
| | 1 | | |
o /N N N
| | | | | 1 |
| | | | | 1 |
1 | 1 | 1 | 1
A25 to AD :>< i ! i ! i L X
l . l i | . :
| | | | | 1 |
- | | | | |
CSn 1\ I | | | /)
| | | | | 1 |
| T T T T T |
| | | | | | |
_ ] l ] l ] l i
roWR X b or b b X
| T ] T ] T T
| | | | | | |
| | | |
RD l P\ l l VA
| t 4 t 4 |
Read : i : i : : :
| | |
D31 to DO : ! : — ! : —
l l | l | i l
| | | : | : |
WEn | o\ | I | o/ |
. | : | : | : |
Write i ! i ! i ! i
| T | T | T |
D31 to DO I I I I I I
g SN N S N
| ! | ! | ! |
| | | | | |
BS P\ A l l b\
| 1 | | | |
| | | | | | |
| | | | | | |
I I I I I I 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 input WAIT signal is also

Wait states inserted
by WAIT signal

sampled on the rising edge of the clock. WAIT is a synchronous signal.

sampled. WAIT 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, the
WAIT signal has no effect if asserted in the T1 cycle or the first Tw cycle. The WAIT signdl is

CKIO

A25 to AO
WAIT
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10.3.4 DRAM Interface

DRAM Connection Method: When the memory type bits (DRAMTP2-DRAMTPO) in
BCRL1 are set to 100, area 3 becomes DRAM space; when set to 101, area 2 and area 3 become
DRAM space. The DRAM interface function can then be used to connect the SH7708 Series
directly to DRAM.

16 or 32 bits can be selected as the interface data width for area 3 when bits DRAMTP2 to
DRAMTPO are set to 100, and 16 bits can be used for both area 2 and area when bits DRAMTP2
to DRAMTPO are set to 101.

2-CAS 16-bit DRAMSs can be connected, since CAS is used to control byte access.

Signals used for connection when DRAM is connected to area 3 areRAS, CASHH, CASHL,
CASLH, CASLL, and RD/WR. CASHH and CASHL are not used when the datawidth is 16 bits.
When DRAM is connected to areas 2 and 3, the signals for area2 DRAM connection areRAS2,
CAS2H, CAS2L, and RD/WR, and those for area 3 DRAM connection areRAS, CASLH,
CASLL, and RD/WR.

In addition to normal read and write access modes, high-speed page mode is supported for burst
access. Also, for DRAM connected to area 3, EDO mode, which enables the DRAM accesstime 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

SH7708 Series DRAM
A10 A8
A2 : ~ 1 A0
RAS RAS
OE
RD/WR WE
D31 — 1/015
D16 1/00
CASHH UCAS
CASHL LCAS
D15
DO - A8
CASLH Pl
CASLL A0
RAS
OE
WE
/015
1100
UCAS
LCAS
777

Figure 10.12 Example of DRAM Connection (32-Bit Data Width)

241
HITACHI




256k x 16 bit

SH7708 Series DRAM
A9 — A8
Al — ~ 1 a0
RAS RAS
RASD OE
RD/WR WE
D15 /015
DO 1100
CASLH UCAS
CASLL LCAS
CASZH
CASaL A8
AO
RAS
OE
WE
1015
1100
UCAS
LCAS
777

Figure 10.13  Example of DRAM Connection (16-Bit Data Width)
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Address Multiplexing: When areas 2 and 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 SH7708 Series without using an
external address multiplexer circuit. Any of the four multiplexing methods shown below can be
selected by setting bits AMX1 and AMXO0 in MCR for area 3 DRAM, or bits AMX1 and AMXO0

in DCR for area 2 DRAM. The relationship between bits AMX1 and AMXO0 and address

multiplexing is shown in table 10.12. The address output pins subject to address multiplexing are

A15to Al. Pins A25 to A16 carry the original address.

Table 10.12 Relationship between AMX1-0 and Address Multiplexing

Setting Number of Column
AMX1 AMXO0 Address Bits Output Timing External Address Pins
0 0 8 bits Column address Alto Al4 Al15
Row address A9 to A22 A23
0 1 9 bits Column address Alto Al4 A15
Row address A10 to A23 A24
1 0 10 bits Column address Alto Al4 Al5
Row address Allto A24 A25
1 1 11 bits Column address Alto Al4 Al15
Row address Al2 to A25 Al5

HITACHI
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Basic Timing: Figure 10.14 shows the basic timing for DRAM access is 3 cycles. Tpc is the

precharge cycle, Tr theRAS assert cycle, Tcl the CAS assert cycle, and Tc2 the read data latch

cycle

(Tpc)

Q %
o o
S - &
o) ) X O ~ O ~ S
; & 9 & T < ®0 » S @ )
O < < 14 o O ncs na m O

Basic Timing for DRAM Access

Figure 10.14

244

HITACHI



Wait State Control: As the clock frequency increases, it becomes impossible to complete all
statesin one cycle as in basic access. Therefore, provision is made for state extension by using the
setting bits in WCR2, MCR, and DCR. The timing with state extension using these settings is
shown in figure 10.15. Up to four additional Tpc cycles (cycles used to secure the RAS precharge
time) can be inserted by means of the TPC bitsin MCR and DCR. However, if thereisa DRAM
access request immediately after an auto-refresh (CAS-before-RAS refresh), the interval until the
next assertion of RASis 2 cycles, regardless of the valuesin MCR and DCR. The number of
cycles from RAS assertion to CAS assertion can be set to between 1 and 4 by inserting Trw cycles
by means of the RCD bitsin MCR and DCR. 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 A1-2W (1,0) or A3W
(1,0) in WCR2.
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Burst Access: In addition to the normal DRAM access mode in which arow address is output

in each data access, a high-speed page mode is also provided in cases where consecutive accesses are
made to the same row. This mode allows fast access to data by outputting the row address only
once, then changing only the column address for each subsequent access. Normal access or burst
access using high-speed page mode can be selected by means of the burst enable (BE) bitin MCR
and DCR. The timing for burst access using high-speed page mode is shown in figure 10.16.

In burst transfer, 4 (longword access) or 16 (cachefill or cache write-back) bytes of data are burst-
transferred in 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 (cachefill), the first access 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 write-back), sequential writing
isperformed if first-to-last order for 16-byte boundary data.
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EDO Mode: In DRAM, an extended data out (EDO) mode is a so provided in which, once the
CAS signal is asserted while the RAS signal is asserted, even if the CAS signal is negated, datais
output to the data bus until the CAS signal is next asserted. (Thisisin addition to the mode in
which data is output to the data bus only while the CAS signal is asserted in adataread cycle) In
the SH7708 Series, the EDO mode bit (EDOMODE) in MCR enables selection, for area 3 DRAM
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 10.17, and burst accessin figure
10.18.

In EDO mode, the timing for data output to the data busin aread cycle is extended as far asthe
next assertion of the CAS signal. This delays the data latch timing by 1/2 cycle to the rising edge
of the CKI10O clock, enabling the DRAM access time to be increased.
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CKIO

A25 to Al16

A15 to AO

CASXxx

D31 to DO
(read)

D31 to DO

(write)

S

CS2 or CS3

Burst Access Timing in DRAM EDO Mode

Figure 10.18
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Refresh Timing: The bus state controller includes a function for controlling DRAM refreshing.
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 area 3 DRAM, or by clearing the RMODE bit to 0 and
setting the RFSH bit to 1 in DCR for area 2 DRAM. It also supports self-refresh mode.

When CAS-before-RAS refresh cycles are executed, refreshing is performed at intervals determined
by the input clock selected by bits CKS2—CK S0 in RTCSR, and the value set in RTCOR. The
value of bits CKS2—CK S0 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—-CK SO setting. When the clock is selected by CKS2 to
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 generated
and the IRQOUT pin goes low. If the SH7708 Series’ external bus can be used, CAS-before-RAS
refreshing is performed, and if thereis no other interrupt request theIRQOUT pin goes high. At
the sametime, RTCNT is cleared to zero and the count-up is restarted. Figure 10.19 shows the
operation of CAS-before-RAS refreshing.

RTCOR value RTCNT cleared to 0 when
/ RTCNT = RTCOR

RTCNT

H'00000000

RTCSR.CKS(2-0) =000 / # 000

cuF [ [ ]

CMF flag cleared by start of

refresh cycle T T
External bus <:> <:>

CAS-before-RAS refresh cycle

Figure 10.19 CAS-Before-RAS Refresh Operation
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Figure 10.20 shows the timing of the CAS-before-RAS refresh cycle.

The number of RAS assert cyclesin the refresh cycle is specified by the TRAS bitsin MCR and
DCR. The specification of the RAS precharge time in the refresh cycle is determined by the setting
of the TPC bitsin MCR and DCR in the same way as for normal access.
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Figure 10.20 DRAM CAS-Before-RAS Refresh Cycle Timing
The self-refreshing supported by the SH7708 Seriesis shown in figure 10.21.

After the self-refresh is cleared, the refresh controller immediately generates arefresh request. The
RAS precharge time immediately after the end of the self-refreshing can be set by the TPC bitsin
MCR and DCR.

DRAMs include low-power products (L versions) with along refresh cycle time (for example, the
L version of the HM51W4160AL has arefresh cycle of 1024 cycles/128 ms compared with 1024
cycles/16 msfor the normal version). With these DRAMs, however, the same refresh cycle asthe
normal version is requested only when refreshing immediately after self-refreshing. Therefore, to
ensure efficient DRAM refreshing, an overflow interrupt is generated and the refresh cycleis
restored to its proper value. This occurs after the necessary CAS-before-RAS refreshing has been
performed following self-refreshing of an L-version DRAM, using RFCR and the OVF, OVIE,
and LMTS bitsin RTCSR. The 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.
1024 cycles/128 ms).

2. When atransition is made to self-refreshing:

a. Provide aninterrupt handler to restore the refresh counter count value to the optimum value
for the L version (e.g. 1024 cycles/128 ms) when arefresh counter overflow interrupt is
generated.

b. Reset the refresh counter count value to the requested short cycle (e.g. 1024 cycles/16 ms),
set refresh controller overflow interruption, and clear the refresh count register (RFCR) to
0.

c. Set salf-refresh mode.

This procedure causes refreshing immediately following a self-refresh to occur in a short cycle.
When adequate refreshing ends, an interrupt is generated and the setting can be restored to the
origina refresh cycle.

CAS-before-RAS refreshing is performed in normal operation, in sleep mode, and in a manual
reset.

Self-refreshing is performed in normal operation, in sleep mode, in standby mode, and in a manual
reset.

When the bus has been released in response to a bus arbitration request, or when atransition is
made to standby mode, signals generally become high-impedance. Controlling theRAS and CAS
signals to become high-impedance or continue to be output is performed with the HIZCNT bit in
BCRL1. This enables the DRAM to be kept in the self-refreshing state.
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RD/WR
CS2 or CS3

CKIO
RAS
CASxx

DRAM Self-Refresh Cycle Timing

Figure 10.21

Power-On Sequence: For DRAM after powering on, a minimum wait time of 100 ps or 200
s, or more during which no access can be performed, should be provided, followed by the

prescribed number (usually 8 or more) of dummy CAS-before-RAS refresh cycles. Asthe bus state
controller does not perform any special operations for a power-on reset, the power-on 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 by
the CS signal, physical space areas 2 and 3 can be connected usingRAS and other control signals
in common. If the memory type bits (DRAMTP2-DRAMTPO) in BCR1 are set to 010, area 2 is
norma memory space and area 3 is synchronous DRAM space; if set to 011, areas 2 and 3 are
both synchronous DRAM space.

With the SH7708 Series, burst length 1 burst read/single write mode is supported as the
synchronous DRAM operating mode. The data bus width isfixed at 32 bits, and the size bit (S2)
in MCR must be set to 1. The burst enable bit (BE) in MCR is ignored, al6-bit burst transfer is
performed in a cache fill/copy-back cycle, and only one access is performed in awrite-through area
write or a noncacheable area read/write.

The control signals for direct connection of synchronous DRAM are RAS, CAS, RD/WR, CS2 or
CS3, DQMUU, DQMUL, DQMLU, DQMLL, and CKE. All the signals other than CS2 and CS3
are common to all areas, and signals other than CKE are valid and fetched 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,
otherwise it is asserted (high).

Commands for synchronous DRAM are specified by RAS, CAS, RD/WR, and specia address
signals. The commands are NOP, auto-refresh (REF), self-refresh (SELF), precharge al banks
(PALL), precharge specified bank (P RE), 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, DOMLU, and DQMLL. A read/writeis
performed for the byte for which the corresponding DQM islow. 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 accessto address
an.

Figure 10.22 shows an example of the connection of 256k x 16-bit synchronous DRAMSs.
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256k x 16-bit

synchronous
SH7708 Series DRAM
All A9
A2 A0
CKIO CLK
CKE CKE
CSn CS
RAS RAS
CAS CAS
RD/WR WE
D31 - I{015
D16 1/00
DQMUU DQMU
DQMUL DQML
D15
A9
DO Pl
DQMLU A0
DQMLL CLK
CKE
Cs
RAS
CAS
WE
/1015
1/00
DQMU
DQML

Figure 10.22 Example of Synchronous DRAM Connection
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Address Multiplexing: Synchronous DRAM can be connected without external multiplexing
circuitry in accordance with the address multiplex specification bits AMX1 and AMX0in MCR.
Table 10.13 shows the relationship between the address multiplex specification bits and the bits
output at the address pins.

A25-A16 and AO are not multiplexed; the original values are always output at these pins.

When AQ, the LSB of the synchronous DRAM address, is connected to the SH7708 Series, it
performs longword address specification. Connection should therefore be made in this order:
connect pin AO of the synchronous DRAM to pin A2 of the SH7708 Series, then connect pin A1
to pin A3. Table 10.14 shows the example of correspondence between SH7708 Series and
synchronous DRAM address pins.

Table 10.13 Relationship between SZ, AMX, and Address Multiplex Output

Setting External Address Pins
AMX1 AMXO0 Output Timing Al to A8 A9 Al0 A1l Al1l2 A13 Al4 A15
0 0 Column address Al to A8 A9 A10 A1l L/H*1 A21*2 A14 Al5
Row address A9to Al6 Al7 Al18 Al9 A20 A21*2 A22 A23
0 1 Column address Al to A8 A9 A10 A1l L/H*1 A22*2 A14 Al5
Row address Al0to Al7 A18 A19 A20 A21 A22*2 A23 A24
1 0 Column address Al to A8 A9 A10 A1l L/H*l A23*2 A14 Al5
Row address Allto A18 A19 A20 A21 A22 A23*2 A24 A25
1 1 Column address Al to A8 A9 L/H*1 Al19*2 A12 Al13 Al4 Al5

Row address A9to Al6 Al7 A18 A19*2 A20 A21 A22 A23

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 10.14 Example of Correspondence between SH7708 Series and
Synchronous DRAM Address Pins (AMX (1-0) = 11)

SH7708 Series Address Pin Synchronous
RAS Cycle CAS Cycle DRAM Address Pin Function

All Al19 A19 A9 BANK select bank address
Al10 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 —

A0 AO A0 Not used

Burst Read: The timing chart for a burst read is shown in figure 10.23. In the following
exampleit is assumed that four 2M x 8-bit synchronous DRAMSs are connected and a 32-bit data
width is used, and the burst length is 1. Following the Tr cycle in which ACTV command output
is performed, a READ command isissued in the Tcl, Tc2, and Tc3 cycles, and a READA
command in the Tc4 cycle. The read data is then accepted on the rising edge of the external
command clock (CKIO) from cycle Td1 to cycle Td4. The Tpc cycleisused 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 areais possible. In the SH7708 Series, the number of Tpc cycles is determined by the
TPC hit specification in MCR, and commands cannot be issued for the same synchronous DRAM
during thisinterval.

The example in figure 10.23 shows the basic timing. To connect slower synchronous DRAM, the
cycle can be extended by setting the WCR2 and MCR bits. The number of cycles from the ACTV
command output cycle, Tr, to the READ command output cycle, Tcl, can be specified by the
RCD bit in MCR, with a value of 0 to 3 specifying 1 to 4 cycles, respectively. For 2 or more
cycles, aTrw cycle, in which an NOP command isissued 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 datalatch cycle, Td1, can be specified as 1 to 3 cycles
independently for areas 2 and 3 by means of A1-2W1 and A1-2W0 or A3W1 and A3WO0 in
WCR2. This number of cycles corresponds to the number of synchronous DRAM CAS latency
cycles.
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Basic Timing for Synchronous DRAM Burst Read

Figure 10.23
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Td4

Tc3/Td1,Tc4/Td2,  Td3

Tc2

the address is updated each time CAS is asserted. Asthe unit of burst transfer is 16 bytes, address
updating is performed for A3 and A2 only. In afill operation in the event of a cache miss, the

The BS cycle, which is asserted for one cycle at the start of abus cycle for normal access space, is
asserted in each of cycles Td1-Td4 in a synchronous DRAM cycle. When a burst read is performed,
order of accessis. the missed dataiis read first, then 16-byte boundary data including the missed data

Figure 10.24 shows the burst read timing when RCD is set to 1, A3W1 and A3WO are set to 10,
isread in wraparound mode.

and TPCisset to 1.
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Synchronous DRAM Burst Read Wait Specification Timing

Figure 10.24




Single Read: Figure 10.25 shows the timing when a single address read is performed. As the

burst 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 area

is accessed.

Tcl Td1l

Tr

CKIO

A25 to Al6,
Al13

Al12

Al5, Al4,
Allto AO
D31 to DO

Basic Timing for Synchronous DRAM Single Read

Figure 10.25

262

HITACHI



Burst Write: The timing chart for a burst write is shown in figure 10.26. In the SH7708 Series,
aburst write occurs only in the event of cache copy-back. In aburst write operation, following the
Tr cyclein which ACTV command output is performed, a WRIT command isissued in the Tcl,
Tc2, and Tc3 cycles, and aWRITA command that performs auto-precharge isissued in the Tc4
cycle. In the write cycle, the write data is output at the same time as the write command. For 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 aread access, cycle Trwl isadded as await interval until precharging is
started, following the write command. Issuance of a new command for the same bank is postponed
during thisinterval. The number of Trwl cycles can be specified by the TRWL hit in MCR.
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Basic Timing for Synchronous DRAM Burst Write

Figure 10.26
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Single Write: The basic timing chart for write access is shown in figure 10.27. In a single
write operation, following the Tr cycle in which ACTV command output is performed, aWRITA
command that performs auto-precharge isissued in the Tcl cycle. In the write cycle, the write data
isoutput at the same time as the write command. For the write with auto-precharge command,
precharging of the relevant bank is performed in 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 aread access, cycle
Trwl is also added as await interval until precharging is started following the write command.
Issuance of 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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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 along period, self-refresh
mode, in which the power consumption for data retention islow, can be activated by setting both
the RMODE bit and the RFSH bit to 1.

1. Auto-Refreshing

Refreshing is performed at intervals determined by the input clock selected by bits CKS2—CK S0 in
RTCSR, and the value set in RTCOR. The value of bits CKS2—CK S0 in RTCOR should be set
so as 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 to
CK S0 setting. When the clock is selected by CKS2-CK S0, 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, arefresh request is generated and an auto-refresh is performed. At the same
time, RTCNT is cleared to zero and the count-up is restarted. Figure 10.28 shows the auto refresh
operation. Figure 10.29 shows the auto-refresh cycle timing.

First, an REF command isissued in the TRr cycle. After the TRr cycle, new command output
cannot be performed for the duration of the number of cycles specified by the TRAS bitsin MCR
plus the number of cycles specified by the TPC bitsin MCR. The TRAS and TPC bits must be
set to satisfy the synchronous DRAM refresh cycle time stipulation (active/active command delay
time).

Auto-refreshing is performed in normal operation, in sleep mode, and in a manual reset.

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 <:> <:>

Auto-refresh cycle

Figure 10.28  Auto-Refresh Operation
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Figure 10.29 Synchronous DRAM Auto-Refresh Timing

2. Sdlf-Refreshing

Self-refresh mode is akind of standby mode in which the refresh timing and refresh addresses 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 modeis cleared
by clearing the RMODE hit to 0. After self-refresh mode has been cleared, command issuanceis
disabled for the number of cycles specified by the TPC bitsin MCR. Self-refresh timing is shown
in figure 10.30. 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 0 when
self-refresh modeis 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 stateis
entered using the SH7708 Series's standby function, and is maintained even after recovery from
standby mode other than through a power-on reset. For a power-on reset, the bus state controller’s
registers are initialized, thereby clearing the self-refresh state.
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Self-refreshing is performed in normal operation, in sleep mode, in standby mode, and in a manual
reset.
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Figure 10.30 Synchronous DRAM Self-Refresh Timing

3. Relationship between refresh requests and bus cycle requests

If arefresh request is generated during execution of a bus cycle, execution of the refresh is deferred
until the bus cycle is completed. If arefresh request occurs when the bus has been released by the
bus arbiter, refresh execution is deferred until the busis acquired. If a match between RTCNT and
RTCOR occurs while arefresh is waiting to be executed, thereby generating a new refresh request,
the previous refresh request is eliminated. To perform normal refreshing, ensure that no bus cycle
or bus mastership occurs that is longer than the refresh interval. When arefresh request is
generated, theIRQOUT pin is asserted (driven low). Therefore, normal refreshing can be performed
by having the IRQOUT pin monitored by a bus master other than the SH7708 Series requesting
the bus, or the bus arbiter, and returning the bus to the SH7708 Series. When refreshing is started,
and if no other interrupt request has been generated, theIRQOUT pin is negated (driven high).
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Power-On Sequence: In 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 awrite to the synchronous DRAM mode register.
In synchronous DRAM mode register setting, the address signal value at that time islatched by a
combination of the RAS, CAS, and RD/WR 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 awrite to address H'FFFFDO00 + X for area 2 synchronous DRAM, and to address
H'FFFFEOQO + X for area 3 synchronous DRAM. In this operation the datais ignored, but the
mode write is performed as a byte-size access. To set burst read/write, CAS latency 1 to 3, wrap
type = sequential, and burst length 1 supported by the SH7708 Series, arbitrary dataiswrittenin a
byte-size access to the following addresses:

Area2 Area3
CASlatency 1 FFFFD840 FFFFE840
CAS latency 2 FFFFD880 FFFFE880
CAS latency 3 FFFFD8CO FFFFEBCO

Mode register setting timing is shown in figure 10.31.

As aresult of the write to address H'FFFFD0O0O + X or H'FFFFEOQO + X, a precharge all banks
(PALL) command isfirst issued in the TRp1 cycle, then a mode register write command is issued
in the TMw1 cycle.

Before mode register setting, a 100 psidle time (depending on the memory manufacturer) must be
guaranteed after powering on requested by the synchronous DRAM. If the reset signal pulse width
is greater than thisidle 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 must
be executed. Thisis usually achieved automatically through various initialization methods after
auto-refresh setting. However, a more dependable method is to set a short refresh request generation
interval just as these dummy cycles are being executed. With simple read or write access, the
address counter in the synchronous DRAM used for auto-refreshing is not initialized, and so the
cycle must always be an auto-refresh cycle.
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10.3.6 Pseudo-SRAM Direct Connection

When the memory type bits (DRAMTP2-0) in BCR1 are set to 001, physical space area 3
becomes pseudo-SRAM and the pseudo-SRAM interface function that allows pseudo-SRAM to be
connected directly to the SH7708 Series can be used. An interface data width of 16 or 32 bits can
be selected.

With directly connected pseudo-SRAM, the refresh signal and output enable signal are multiplexed.
The signals used for connection are CE, OE/RFSH, WE3, WE2, WEI, and WEO. WE3 and WE2
are not used with a 16-bit data width.

As access modes, burst access using the static column access function is supported in addition to
ordinary read/write access.

Figure 10.32 shows an example of connection of 4M pseudo-SRAMs with multiplexed OE and
RFSH signals, using a 32-hit data width.
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512k x 8-bit

SH7708 Series pseudo-SRAM
A20 . | Al8
A2 — A0
CE CE
OE OE/RFSH
D31 : /07
D24 ' 1/00
WE3 WE
D23
D16 : A18
WE2
D1§ : AO
: s CE
D8 OE/RFSH
WE1 — /o7
D7 Pl
: : 1/00
DO WE
WEO
A18
AQ
CE
OE/RFSH
/07
/00
WE
A18
AQ
CE
OE/RFSH
/07
/00
WE

Figure 10.32 Example of Pseudo-SRAM Connection (4M-Bit Devices)
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Basic Timing: Figure 10.33 shows the basic timing for pseudo-SRAM. Tpc is the precharge

cycle, and Tr isthe CE assert cycle. Tcl isthe write data cycle, BS the assert cycle, and Tc2 the

read datalatch cycle.

Tc2

(Tpe)

> PN
>
/
N
\
> >
o o o
< . & a a
o w O~ — o —~
o = 2 T3 o3 s & 2
X Y [m) L T IR s = [9))
3} < x (& k3 g = 82 @

Basic Access Timing for Pseudo-SRAM

Figure 10.33
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Wait State Control: As the clock frequency increases, it becomes impossible to complete all
statesin one cycle as in basic access. Therefore, provision is made for state extension by using the
setting bitsin WCR2 and MCR. The timing with state extension using these settings is shown in
figure 10.34. Additional Tpc cycles (cycles used to secure theCE precharge time) can be inserted
by means of the TPC bitsin MCR. The number of OE and WEn assert cycles from RAS
assertion to CA S assertion can be varied between 1 and 3 according to the setting of A3W1 and
A3WO0 in WCR2. Trw cycles can be inserted by means of the RCD bitsin MCR, and the number
of cyclesfrom CE assertion to BS assertion and write data output can be varied between 1 and 4.
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Pseudo-SRAM Wait State Timing

Figure 10.34

Burst Access: In addition to the normal access mode in which CE is asserted and negated in
each access, some pseudo-SRAMs are provided with a static column mode for the case where

consecutive accesses are made to the same row address. This mode allows fast access to data by
keeping CE asserted and changing only the column address. Normal access or burst access using

static column mode can be selected by means of the burst enable (BE) bit in MCR. Thetiming for
burst access in static column mode is shown in figure 10.35. Cycles can also be inserted by the

wait state control function when burst accessis performed.
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Refreshing: The bus state controller includes a function for controlling pseudo-SRAM
refreshing. Distributed refreshing by means of auto-refresh cycles can be performed by clearing the
RMODE bit to 0 and setting the RFSH bit to 1 in MCR.

Refreshing is performed at intervals determined by the input clock selected by bits CKS2-CK S0 in
RTCSR, and the value set in RTCOR. The value of bits CKS2-CK S0 in RTCOR should be set
so as to satisfy the refresh interval stipulation for the pseudo-SRAM used. First set the RTCOR,
RTCNT, and the RMODE and RFSH bits in MCR, then set the CKS2-CK SO. When the clock is
selected by CKS2—CK SO, 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, arefresh
request is generated and an auto-refresh is performed. At the sametime, RTCNT iscleared to zero
and the count-up is restarted. Figure 10.36 shows the auto-refresh cycle timing.

The number of OE assert cycles for auto-refreshing is specified by the TRAS bitsin MCR. The
precharge time from OE negation until the next assertion of CE is determined by the setting of the
TPC bits in MCR.

Auto-refreshing is performed in normal operation, in sleep mode, and in a manual reset.

TRc TRrl TRr2
- l———— > — > la———»

e M

Figure 10.36 Pseudo-SRAM Auto-Refreshing

278
HITACHI




With pseudo-SRAM, self-refresh mode is entered by holding theRFSH signal low for at least the
prescribed time. 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 islow. Pseudo-SRAM cannot be
accessed whilein self-refresh state. Self-refresh modeis cleared by clearing the RMODE hit to 0.
After sdlf-refresh mode has been cleared, access to pseudo-SRAM is disabled for the number of
cycles specified by the TPC bitsin MCR, but if the refresh reset time needed to return from self-
refreshing islonger than this interval, coding must be provided to ensure that no access—including
auto-refresh—is made to pseudo-SRAM. Self-refresh timing is shown in figure 10.37. Settings
must be made so that self-refresh clearing and data retention is performed correctly after self-refresh
mode is cleared, and auto-refreshing is performed at the correct intervals. 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.

Self-refreshing is performed in normal operation, in sleep mode, in standby mode, and in a manual
reset.

i TRc 1 TRrl i1 TSR 1 TSR2 | (Tpc) 1 (Tpc)
| |
|
I G
e )

Figure 10.37 Pseudo-SRAM Self-Refreshing

Power-On Sequence: After powering pseudo-SRAM on, a minimum wait time of 100 usis
requested during which no access can be performed, followed by the prescribed number (usualy 8
or more) of dummy auto-refresh cycles. As the bus state controller does not perform any special
operations for a power-on reset, the power-on sequence must be carried out by the initialization
program executed after a power-on reset.
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10.3.7 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 10.38. Two wait cycles are set. Basically, accessis performed in the same way as
for normal space, but when the first cycle ends, the CSO0 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), A5BST (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
aways performed in the second and subsequent accesses. WAIT is a synchronous signal.

The second and subsequent access cycles also comprise two cycles when a burst ROM setting is
made and the wait specification is 0. The timing in this case is shown in figure 10.39.
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Figure 10.38
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TB2 TB1 TB2 TB1 TB2 TB1 T2
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CKIO
A25 to A4
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D31 to DO

Note: For a write cycle, a basic bus cycle (write cycle) is performed.

Burst ROM Basic Access Timing

Figure 10.39
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10.3.8 PCMCIA Interface

In the SH7708 Series, setting the ASPCM bit in BCR1 to 1 makes the bus interface for physical
space area 5 an |C memory card interface as stipulated in JEIDA version 4.2 (PCMCIA2.1).
Setting the AGBPCM bit to 1 makes the bus interface for physical space area6 an IC memory card
and 1/0 card interface as stipulated in JEIDA version 4.2. When the IC memory card interface is
selected, a BCR1 register setting enables page mode burst access mode to be used. This burst
access mode is not stipulated in JEIDA version 4.2, but allows high-speed data access using ROM
provided with a burst mode, etc.

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 10.40 shows an example of PCMCIA card connection to the SH7708 Series. To enable
active insertion of the PCMCIA cards (i.e. insertion or removal while system power is being
supplied), a 3-state buffer must be connected between the SH7708 Series' 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 SH7708 Series in big-endian mode is stipulated independently.

If PCMCIA isused in area 6, synchronous DRAM is used at the same time, and a synchronous
DRAM auto-refresh (CAS-before-RAS refresh) request is issued simultaneoudly, area 6 card enable
signals CS6 and CE2B may be asserted earlier than usual, at the same time as the immediately
preceding auto-refresh cycle. When both PCM CIA and synchronous DRAM are used, they should
beused in area5. When area 5 is used, the system design should provide for CS to be asserted
early without causing any problems.
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Figure 10.40 Example of PCMCIA Interface
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Memory Card Interface Basic Timing: Figure 10.41 shows the basic timing for the
PCMCIA I1C memory card interface. When physical space areas 5 and 6 are designated as PCMCIA
interface areas, bus accesses are automatically performed as |C memory card interface accesses when
the lower address 32 Mbyte space of each areais accessed.

With ahigh external bus frequency (CKI10), the setup and hold times for the address (A24-A0),
card enable (CS5, CE2A, CS6, CE2B), and write data (D15-D0) in awrite cycle, become
insufficient with respect to RD and WR (the WE1 pin in the SH7708 Series). The SH7708 Series
provides for this by enabling setup and hold times to be set for physical space areas 5 and 6 in the
PCR register. Also, software waits by means of a WCR2 register setting and hardware waits by
means of the WAIT pin can be inserted in the same way as for the basic interface. WAIT isa
synchronous signal. Figure 10.42 shows the PCMCIA memory bus wait timing.
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Memory Card Interface Burst Timing: In the SH7708 Series, when the IC memory card

interface is selected, page mode burst access mode can be used, for read access only, by setting bits

A5BST1 and A5BSTO in BCR for physical space area 5, or bits A6BST1 and A6BSTO 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 10.43 and 10.44.
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Figure 10.43
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Wait Timing for PCMCIA Memory Card Interface Burst Access

Figure 10.44

When the entire 32-Mbyte memory spaceis used as IC memory card interface space, the common

memory/attribute memory switching signal REG is generated using a port, etc. If 16-Mbytes or

less of memory space is sufficient, using 16M bytes of memory space as common memory space

and 16 Mbytes as attribute memory space enables the A24 pin to be used for the REG signal.
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32-Mbyte capacity (REG = I/O port)

Area 5: H'14000000 Common memory/
attribute memory

Area 5: H'16000000

Area 6: H'18000000 Common memory/
attribute memory

Area 6: H'1A000000

1/0O space
Up to 16-Mbyte capacity (REG = A24)
Area 5: H'14000000 Attribute memory
Area 5: H'15000000 Common memory
H'16000000 ><
Area 6: H'18000000 Attribute memory
Area 6: H'19000000 Common memory
Area 6: H'1A000000 1/0O space
H'1B000000 | ——————

Figure 10.45 PCMCIA Space Allocation

I/0O Card Interface Timing: Figures 10.46 and 10.47 show the timing for the PCMCIA 1/O
card interface.

The /O card interface is supported only for physical space area 6. Switching between the I/O card
interface and the IC memory card interface is performed according to the accessed address. When
PCMCIA isdesignated for physical space area 6, the bus access is automatically performed as an
1/0O card interface access when a physical address from H'1A000000 to H'1BFFFFFF is accessed.

When accessing a PCMCIA 1/0 card, the access should be performed using a noncacheable areain
virtual space (P2 or P3 space) or an area specified as noncacheable 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 the IOIS16 pin. When a 16-bit bus width is set for area 6,

if theIOIS16 signal is high during aword-size 1/0 bus cycle, the I/O port is recognized as being 8
bits in width. In this case, a data access for only 8 bits is performed in the 1/0 bus cycle being
executed, followed automatically by a data access for the remaining 8 hits.
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Figure 10.48 shows the basic timing for dynamic bus sizing.

In big-endian mode, theIOIS16 signal is not supported.

In big-endian mode, the I0IS16 signal should be fixed low.
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Figure 10.46
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Figure 10.47
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Figure 10.48
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10.3.9 Waits between Access Cycles

A problem associated with higher external memory bus operating frequencies is that data buffer
turn-off on completion of aread from alow-speed device may be too slow, causing a collision
with data in the next access. Thisresultsin 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
accessis started, await cycleisinserted before the access cycle thus preventing a data collision.
There are two cases in which await cycle isinserted: when an accessis followed by an accessto a
different area, and when aread accessis followed by a write access from the SH7708 Series. When
the SH7708 Series performs consecutive write cycles, the data transfer direction isfixed (from the
SH7708 Series to other memory) and there is no problem. With read accessesto the same area, in
principle, datais output from the same data buffer, and wait cycle insertion is not performed. Bits
AnlW1 and AnlWO (n = 0-6) in WCRL1 specify the number of idle cyclesto be inserted between
access cycleswhen a physical space area accessis followed by an access to another area, or when
the SH7708 Series performs awrite access after aread access to physical space arean. If thereis
originally space between accesses, the number of idle cyclesinserted is the specified number of idle
cycles minus the number of empty cycles.

Waits are not inserted between accesses when bus arbitration is performed, since empty cycles are
inserted for arbitration purposes.

A25t0 AO | )( | X | )(
I

CSm ! \ /

CSn

1
1
1

| | | |
Area m read Area n space read Area n space write
Area m inter-access wait specification Area n inter-access wait specification

Figure 10.49  Waits between Access Cycles
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10.3.10Bus Arbitration

When abus release request (BREQ) isreceived from an external device, buses are released after the
bus cycle being executed is completed and a bus grant signal BACK) is output. The bus is not
released during burst transfers for cachefills. In the case of multiple bus cycles generated because
the data bus width is smaller than the access size—for example, in longword access to 8-bit-wide
memory—nbus arbitration is not performed between bus cycles. At the negation of BREQ, BACK
is negated and bus use is restarted. See Appendix B, Pin States, for the pin status when the busis
released.

The SH7708 Series sometimes needs to retrieve abus it has released. For example, when memory
generates a refresh request or an interrupt request internally, the SH7708 Series must perform the
appropriate processing. The SH7708 Series has a bus request signal (IRQOUT) for this purpose.
When it must retrieve the bus, it asserts the IRQOUT signal. Devices asserting an external bus
release request receive the assertion of theIRQOUT signal and negate the BREQ signal to release
the bus. The SH7708 Series retrieves the bus and carries out the processing.

IRQOUT Pin Assertion Conditions:

< When amemory refresh request has been generated but the refresh cycle has not yet begun

*  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
bit.)
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Section 11 Timer (TMU)

11.1 Overview

The SH7708 Series uses a three-channel 32-bit timer unit (TMU).

11.1.1 Features

The TMU has the following features:

Each channel is provided with an auto-reload 32-bit down counter
Channel 2 is provided with an input capture function

All channels are provided with 32-bit constant registers and 32-bit down counters that can be
read or written to at any time

All channels generate interrupt requests when the 32-bit down counter underflows (H'00000000
- H'FFFFFFFF)

Allows selection between 6 counter input clocks: External clock (TCLK), on-chip RTC output
clock (16 kHz), P@/4, P@/16, Pe/64, P@/256. (Pg is the internal clock for peripheral modules
and can be selected as 1/4, 1/2, or the same frequency as that of the CPU operating clock @.)
See section 9, On-Chip Oscillation Circuits, for more information on the clock pulse
generator.

All channels can operate when the SH7708 Seriesisin standby mode: When the RTC output
clock is being used as the counter input clock, the SH7708 Seriesis still able to count in
standby mode.

Synchronized read: TCNT is a sequentially changing 32-bit register. Since the peripheral
module used has an internal bus width of 16 bits, atime lag can occur between the time when
the upper 16 bits and lower 16 bits are read. To correct the discrepancy in the counter read value
caused by this time lag, a synchronization circuit is built into the TCNT so that the entire 32-
bit datain the TCNT can be read at once.

The maximum operating frequency of the 32-bit counter is2 MHz on al channels: Operate the
SH7708 Series so that the clock input to the timer counters of each channel (obtained by
dividing the external clock and internal clock with the prescaler) does not exceed the maximum
operating frequency.

11.1.2 Block Diagram

Figure 11.1 shows a block diagram of the TMU.
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11.1.3 Pin Configuration
Table 11.1 shows the pin configuration of the TMU.

Table 11.1Pin Configuration

Channel Pin /0 Description

Clock input/clock output TCLK /O External clock input pin/input capture control input
pin/realtime clock (RTC) output pin

11.1.4 Register Configuration
Table 11.2 shows the TMU register configuration.

Table 11.2TMU Register Configuration

Acces
Channel Register AbbreviationR/W Initial Address s Size
Value*

Common Timer output control TOCR R/W  H'00 HFFFFFESO 8
register
Timer start register TSTR R/W  H'00 HFFFFFE92 8

0 Timer constant register 0 TCORO RW  HFFFFFFFF HFFFFFE94 32
Timer counter O TCNTO RW  HFFFFFFFF HFFFFFE98 32
Timer control register 0  TCRO R/W  H'0000 HFFFFFE9OC 16

1 Timer constant register 1 TCOR1 RW  HFFFFFFFF HFFFFFEAO 32
Timer counter 1 TCNT1 RW  HFFFFFFFF HFFFFFEA4 32
Timer control register 1 ~ TCR1 R/W  H'0000 HFFFFFEA8 16

2 Timer constant register 2 TCOR2 RW  HFFFFFFFF HFFFFFEAC 32
Timer counter 2 TCNT2 RW  HFFFFFFFF HFFFFFEBO 32
Timer control register 2  TCR2 R/W  H'0000 HFFFFFEB4 16
Input capture register 2 TCPR2 RW Undefined HFFFFFEB8 32

Note: Initialized by a power-on reset or manual reset.
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11.2 TMU Registers

11.2.1 Timer Output Control Register (TOCR)

TOCR is an 8-bit read/write register that selects whether to use the external TCLK pin asan
external clock or an input capture control usage input pin, or an output pin for the on-chip RTC
output clock. TOCR isinitialized to H'00 by a power-on reset or manual reset, but is not
initialized in standby mode, and its contents are retained.

Bit: 7 6 5 4 3 2 1 0
Bit name: — — — — — — — TCOE
Initial value: 0 0 0 0 0 0 0 0
R/W: R R R R R R R R/W

Bits 7 to 1—Reserved: These bits aways read 0. The write value should always be 0.

Bit 0—Timer Clock Pin Control (TCOE): Selects use of the timer clock pin (TCLK) asan
external clock input pin or input pin for input capture control for the on-chip timer, or as an
output pin for the on-chip RTC output clock.

Bit 0: TCOE Description

0 Timer clock pin (TCLK) used as external clock input or input capture control
input pin for the on-chip timer (Initial
value)

1 Timer clock pin (TCLK) used as output pin for on-chip RTC output clock
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11.2.2 Timer Start Register (TSTR)

TSTR isan 8-hit read/write register that selects whether to run or halt the timer counters (TCNT)
for channels 0-2. TSTRisinitialized to H'00 by a power-on reset or manual reset. In standby
mode, when the PLL 1 multiplication factor is changed in clock mode 0, 1, 2, or 7, or when the
MSTP2 bitisset to 1 in STBCR, TSTRisinitialized only when the input clock selected for the
channel is an external clock (TCLK) or the peripheral clock (Pg).

Bit: 7 6 5 4 3 2 1 0
Bit name: — — — — — STR2 STR1 STRO
Initial value: 0 0 0 0 0 0 0 0
R/W: R R R R R RW R/W R/W

Bits 7 to 3—Reserved: These bits aways read 0. The write value should always be 0.

Bit 2—Counter Start 2 (STR2): Selects whether to run or halt timer counter 2 (TCNT?2).

Bit 2: STR2 Description

0 Halt TCNT2 count (Initial
value)

1 Start TCNT2 counting

Bit 1—Counter Start 1 (STR1): Selects whether to run or halt timer counter 1 (TCNT1).

Bit 1: STR1 Description

0 Halt TCNT1 count (Initial
value)

1 Start TCNT1 counting

Bit 0—Counter Start 0 (STRO0): Selects whether to run or halt timer counter O (TCNTO).

Bit 0: STRO Description

0 Halt TCNTO count (Initial
value)

1 Start TCNTO counting
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11.2.3 Timer Control Register (TCR)

The timer control registers (TCR) control the timer counters (TCNT) and interrupts. The TMU has
three TCR, registers one for each channel.

The TCR registers are 16-bit read/write registers that control the issuance of interrupts when the
flag indicating timer counter (TCNT) underflow has been set to 1, and also carry out counter clock
selection. When the external clock has been selected, they also select its edge. Additionally, TCR2
controls the channel 2 input capture function and the issuance of interrupts during input capture.
The TCRs areinitialized to H'0000 by a power-on reset and manual reset. In standby mode, when
the PLL1 multiplication factor is changed in clock mode O, 1, 2, or 7, or when the MSTP2 bit is

setto 1 in STBCR, the TCRs retain their contents when the input clock selected for the channel is

an external clock (TCLK) or the peripheral clock (Pg), and continue operating when the selected
clock is the on-chip RTC output clock (RTCCLK).

Channel 0 and 1 TCR Bit Configuration:

Bit:
Bit name:

Initial value:
R/W:

Bit:
Bit name:

Initial value:
R/W:

Channel 2 TCR Bit Configuration:

Bit:
Bit name:

Initial value:
R/W:

Bit:
Bit name:

Initial value:
R/W:

302

15 14 13 12 11 10 9 8
— — —_ — — — — UNF
0 0 0 0 0 0 0 0
R RW
7 6 5 4 3 2 1 0
— — UNIE CKEG1l CKEGO TPSC2 TPSC1 TPSCO
0 0 0 0 0 0 0 0
RW RW RW RW RW R/W
15 14 13 12 11 10 9 8
— — — — — — ICPF UNF
0 0 0 0 0 0 0 0
R/W RW
7 6 5 4 3 2 1 0
ICPE1 ICPEO UNIE CKEG1 CKEGO TPSC2 TPSC1 TPSCO
0 0 0 0 0 0 0 0
RW R/W RW RW R/W RW RW R/W
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Bits 15to 10, 9 (except TCR?2), 7, and 6 (except TCR2)—Reserved: These bits always read 0. The
write value should always be 0.

Bit 9—Input Capture Interrupt Flag (ICPF): A function of channel 2 only: the flag is set when
input capture is requested viathe TCLK pin.

Bit 9: ICPF Description

0 No input capture request has been issued.
Clearing condition: When 0 is written to ICPF (Initial
value)

1 Input capture has been requested via the TCLK pin.

Setting condition: When an input capture is requested via the TCLK pin*

Note: Contents do not change when 1 is written to ICPF.

Bit 8—Underflow Flag (UNF): Status flag that indicates occurrence of a TCNT underflow.

Bit 8: UNF Description

0 TCNT has not underflowed.
Clearing condition: When 0 is written to UNF (Initial
value)

1 TCNT has underflowed (H'00000000 — H'FFFFFFFF).

Setting condition: When TCNT underflows*
Note: Contents do not change when 1 is written to UNF.

Bits 7 and 6—Input Capture Control (ICPEL, ICPEQ): A function of channel 2 only: determines
whether the input capture function can be used, and when used, whether or not to enable interrupts.

When using this input capture function it is necessary to set the TCLK pin to input mode with the
TCOE hit in the TOCR register. Additionally, use the CKEG bit to designate use of either the
rising or falling edge of the TCLK pin to set the valuein TNCT2 in the input capture register
(TCPR2).

Bit 7: ICPE1 Bit 6: ICPEO Description

0 0 Input capture function is not used. (Initial
value)
1 Reserved (cannot be set)
1 0 Input capture function is used. Interrupts due to ICPF (TICPI2)
are not enabled.
1 Input capture function is used. Interrupts due to ICPF (TICPI2)
are enabled.
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Bit 5—Underflow Interrupt Control (UNIE): Controls enabling of interrupt generation when the
status flag (UNF) indicating TCNT underflow has been set to 1.

Bit 5: UNIE Description

0 Interrupts due to UNF (TUNI) are not enabled. (Initial
value)

1 Interrupts due to UNF (TUNI) are enabled.

Bits 4 and 3—Clock Edge 1, 0 (CKEG1, CKEGOQ): These bits select the external clock edge when
the external clock is selected, or when the input capture function is used.

Bit 4: CKEG1 Bit 3: CKEGO Description

0 0 Count/capture register set on rising edge (Initial
value)
1 Count/capture register set on falling edge
1 — Count/capture register set on both rising and falling edge

Bits 2 to 0—Timer Prescalers 2-0 (TPSC2-TPSCQ): These bits select the TCNT count clock.

Bit 2: TPSC2Bit 1. TPSC1Bit 0: TPSCODescription

0 0 0 Internal clock: count on P@/4 (Initial
value)

Internal clock: count on P@/16

Internal clock: count on P@/256

1

1 0 Internal clock: count on P@/64
1
0

Internal clock: count on clock output of on-chip
RTC (RTCCLK)

[EnY

External clock: count on TCLK pin input

1 0 Reserved ( Do not set)

Reserved (Do not set)
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11.2.4 Timer Constant Register (TCOR)

The timer constant registers are 32-hit registers. The TMU has three TCOR registers, one for each
of the three channels.

TCOR isa 32-bit read/write register. When a TCNT count-down resultsin an underflow, the
TCOR valueisset in TCNT and the count-down continues from that value. TCOR isinitialized to
H'FFFFFFFF by a power-on reset or manual reset; it is not initialized in standby mode, and
retains its contents.

TCOR:
Bit: 31 30 29 28 27 26 25 24
Bit name:
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
Bit: 23 22 21 20 19 18 17 16
Bit name:
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
Bit: 15 14 13 12 11 10 9 8
Bit name:
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
Bit: 7 6 5 4 3 2 1 0
Bit name:
Initial value: 1 1 1 1 1 1 1 1

R/W: RW R/W RW RW R/W RW RW RW
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11.2.5 Timer Counters (TCNT)

The timer counters are 32-bit read/write registers. The TMU has three timer counters, one for each
channel.

TCNT counts down upon input of a clock. The clock input is selected using the TPSC2-TPSCO
bits in the timer control register (TCR).

When a TCNT count-down results in an underflow (H'00000000 — H'FFFFFFFF), the underflow
flag (UNF) in the timer control register (TCR) of the relevant channel is set. The TCOR valueis
simultaneously set in TCNT itself and the count-down continues from that value.

Because the internal bus for the SH7708 Series on-chip supporting modulesis 16 bits wide, atime
lag can occur between the time when the upper 16 bits and lower 16 bits are read. Since TCNT
counts sequentialy, thistime lag can create discrepancies between the data in the upper and lower
halves. To correct the discrepancy, a buffer register is connected to TCNT so that upper and lower
halves are not read separately. The entire 32-bit datain TCNT can thus be read at once.

TCNT isinitialized to H'FFFFFFFF by a power-on reset or manual reset. In standby mode, when
the PLL1 multiplication factor is changed in clock mode O, 1, 2, or 7, or when the MSTP2 bit is
setto 1in STBCR, TCNT retains its contents when the input clock selected for the channel is an
external clock (TCLK) or the peripheral clock (Pg), and continues operating when the selected
clock is the on-chip RTC output clock (RTCCLK).

TCNT:
Bit: 31 30 29 28 27 26 25 24
Bit name:
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
Bit: 23 22 21 20 19 18 17 16
Bit name:
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
Bit: 15 14 13 12 11 10 9 8
Bit name:
Initial value: 1 1 1 1 1 1 1 1
R/W: R/W RW R/W R/W RW R/W R/W R/W
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Bit: 7 6 5 4 3 2 1 0

Bit name:
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

11.2.6 Input Capture Register (TCPR2)

The input capture register (TCPR2) is aread-only 32-bit register built only into timer 2. Control
of TCPR2 setting conditions due to the TCLK pin is affected by the input capture function bits
(ICPEV/ICPE2 and CKEG1/CKEGO0)) in TCR2. When a TCPR2 setting indication due to the
TCLK pin occurs, the value of TCNT2 is copied into TCPR2.

TCNT2isnot initialized by a power-on reset or manual reset, or in standby mode.

TCPR2:

Bit: 31 30 29 28 27 26 25 24

Bit name:
Initial value: — — — — — — — _
R/W: R R R R R R R R
Bit: 23 22 21 20 19 18 17 16

Bit name:
Initial value: — — — — — — — _
R/W: R R R R R R R R
Bit: 15 14 13 12 11 10 9 8

Bit name:
Initial value: — — — — — — _ _
R/W: R R R R R R R R
Bit: 7 6 5 4 3 2 1 0

Bit name:
Initial value: — — — — — — — _
R/W: R R R R R R R R
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11.3 TMU Operation

11.3.1 Overview

Each of the three channels has a 32-bit timer counter (TCNT) and a 32-bit timer constant register.
The TCNT counts down. The auto-reload function enables synchronized counting and counting by
external events. Channel 2 has an input capture function.

11.3.2 Basic Functions

Counter Operation: When the STRO-STR2 bits in the timer start register (TSTR) are set, the
corresponding timer counter (TCNT) starts counting. When a TCNT underflows (H'00000000 —
H'FFFFFFFF), the UNF flag of the corresponding timer control register (TCR) is set. At this
time, if the UNIE bit in TCR is 1, an interrupt request is sent to the CPU. Also at this time, the
valueis copied from TCOR to TCNT and the down-count operation is continued.

The count operation is set as follows (figure 11.2):

1.

Select the counter clock with the TPSC2-TPSCO bits in the timer control register (TCR). If
the external clock is selected, set the TCLK pin to input mode with the TOCE bit in TOCR,
and select its edge with the CKEG1 and CKEGO bitsin TCR.

Use the UNIE bit in TCR to set whether to generate an interrupt when TCNT underflows.

When using the input capture function, set the ICPE bitsin TCR, including the choice of
whether or not to use the interrupt function (channel 2 only).

Set avalue in the timer constant register (TCOR) (the cycleis the set value plus 1).
Set theinitial value in the timer counter (TCNT).
Set the STR hit in the timer start register (TSTR) to 1 to start operation.

308

HITACHI



<Operation selection>

!

Select counter
clock

!

Set underflow
interrupt generation | (2)

__________________ | When using input
y capture function

@)

Set interrupt
rup (3)
generation

v
Set timer constant 4
register Q)

v

Initialize timer
counter

v

Start counting (6)

®)

Note: When an interrupt has been generated, clear the flag in the interrupt handler that caused it.
If interrupts are enabled without clearing the flag, another interrupt will be generated.

Figure 11.2  Setting the Count Operation
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Auto-Reload Count Operation: Figure 11.3 shows the TCNT auto-reload operation.

TCNT value TCOR value set to
/ TCNT during underflow

TCOR

H'00000000 Time

STRO-STR2

—

Figure 11.3  Auto-Reload Count Operation
TCNT Count Timing:

e Internal Clock Operation: Set the TPSC2-TPSCO bitsin TCR to select whether peripheral
module clock Pg or one of the four internal clocks created by dividing it is used (P@/4, Pg/16,
P@/64, P@/256). Figure 11.4 shows the timing.

Po

wmﬁ«ﬁmﬁm

Internal
—hﬁg |\
TCNT §§ «

input clock ))

TCNT  N+1 X % N % X N-1

Figure 11.4  Count Timing when Internal Clock Is Operating

« External Clock Operation: Set the TPSC2-TPSCO bitsin TCR to select the external clock
(TCLK) asthe timer clock. Use the CKEG1 and CKEGO bitsin TCR to select the detection
edge. Rise, fal or both may be selected. The pulse width of the external clock must be at least
1.5 peripheral module clock cycles for single edges or 2.5 peripheral module clock cycles for
both edges. A shorter pulse width will result in inaccurate operation. Figure 11.5 shows the
timing for both-edge detection.
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Figure 11.5 Count Timing when External Clock Is Operating (Both Edges
Detected)

e On-Chip RTC Clock Operation: Set the TPSC2-TPSCO hits in TCR to select the on-chip
RTC clock as the timer clock. Figure 11.6 shows the timing.

RTC output
clock

TCNT input 4,—l—\ ’—l—\—,L
clock

TCNT N+1 X N X N-1 X

Figure 11.6  Count Timing when On-Chip RTC Clock Is Operating

Input Capture Function: Channel 2 has an input capture function (figure 11.7). When using
the input capture function, set the TCLK pin to input mode with the TCOE bit in the timer
output control register (TOCR) and set the timer operation clock to internal clock or on-chip RTC
clock with the TPCS2—-TPCSO0 hits in the timer control register (TCR). Also, designate use of the
input capture function and whether to generate interrupts on using it with the IPCE1-1PCEOQ bits
in TCR, and designate the use of either the rising or falling edge of the TCLK pin to set the timer
counter (TNCT) value into the input capture register (TCPR) with the CKEG1-CKEGO hitsin
TCR.

The input capture function cannot be used in standby mode.
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TCNT value TCOR value set to
’//’TCNTduﬂngundemow

TCOR
H'00000000 Time
TCLK |_|
TCPR2 X Set TCNT value
ICPI 3 )

(

Figure 11.7 Operation Timing when Using the Input Capture Function
(UsingTCLK Rising Edge)
11.4 Interrupts

There are two sources of TMU interrupts: underflow interrupts (TUNI) and interrupts when using
the input capture function (TICPI2).

11.4.1 Status Flag Set Timing

UNF is set to 1 when the TCNT underflows (H'00000000 — H'FFFFFFFF). Figure 11.8 shows
the timing.

o [ L LT LT LS

TCNT X H00000000 )y X TCOR value

Underflow S() |
signal

UNF |

TUNI |

Figure 11.8 UNF Set Timing
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11.4.2 Status Flag Clear Timing

The status flag can be cleared by writing a 0 from the CPU. Figure 11.9 shows the timing.

TCR write cycle

T1T2<i>|
o [ L LT

Peripheral address bus >< TCR address

UNF, ICPF

Figure 11.9  Status Flag Clear Timing

11.4.3 Interrupt Sources and Priorities

The TMU produces underflow interrupts for each channel. When the interrupt request flag and
interrupt enable bit are both set to 1, the interrupt is requested. Codes are set in the exception
source register (INTEVT) for these interrupts and interrupt handling occurs according to the codes.

Therelative priorities of channels can be changed using the interrupt controller (see section 6,
Interrupt Controller) and section 4, Exception Handling. Table 11.3 lists TMU interrupt sources.

Table 11.3TMU Interrupt Sources

Channel Interrupt Source Description Priority
0 TUNIO Underflow interrupt O High

1 TUNI1 Underflow interrupt 1

2 TUNI2 Underflow interrupt 2 I

2 TICPI2 Input capture interrupt 2 Low
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11.5 Usage Notes

11.5.1 Writing to Registers

Synchronization processing is not performed for timer counting during register writes. When
writing to registers, aways clear the appropriate start bits for the channel (STR2-STRO) in the
timer start register (TSTR) to halt timer counting.

11.5.2 Reading Registers

Synchronization processing is performed for timer counting during register reads. When timer
counting and register read processing are performed simultaneously, the register value before TCNT
counting down (with synchronization processing) is read.

11.5.3 Clearing UNF in the TCR Register

When the RTC (realtime clock) is specified for use asthe TMU (timer) clock sourcein the
SH7708, the procedure shown in the flowchart below should be used to clear the underflow flag
(UNF) in the timer control register (TCR).

A

Clear UNF flag

Read UNF flag
UNF =0?

Figure 11.10 UNF Flag Clearing
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Section 12 Redltime Clock (RTC)

12.1 Overview

The SH7708 Series has arealtime clock (RTC) with its own 32.768-kHz crystal oscillator.

12.1.1 Features

e Clock and calendar functions (BCD display): seconds, minutes, hours, date, day of the week,
month, and year

e 1-Hzto 64-Hz timer (binary display)
» Start/stop function
e 30-second adjust function

e Alarm interrupt: frame comparison of seconds, minutes, hours, date, day of the week, and
month can be used as conditions for the alarm interrupt

e Cyclicinterrupts: the interrupt cycle may be 1/256 second, 1/64 second, 1/16 second, 1/4
second, 1/2 second, 1 second, or 2 seconds

« Carry interrupt: a carry interrupt indicates when a carry occurs during a counter read
e Automatic leap year correction

12.1.2 Block Diagram

The following abbreviations are used in the block diagram of the RTC (figure 12.1):

R64CNT: 64-Hz counter RSECAR: Second aarm register
RSECCNT: Second counter RMINAR: Minute alarm register
RMINCNT: Minute counter RHRAR: Hour alarm register

RHRCNT: Hour counter RWKAR: Day of theweek alarm register

RWKCNT: Day of the week counter RDAYAR: Dateaarm register
RDAYCNT: Date counter RMONAR: Month alarm register
RMONCNT: Month counter RCR1: RTC control register 1

RYRCNT: Year counter RCR2: RTC control register 2
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Figure 12.1 RTC Block Diagram
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12.1.3 Pin Configuration
Table 12.1 shows the RTC pin configuration.

Table 12.1RTC Pin Configuration

Pin Abbreviationl/O Description

RTC oscillator crystal pin EXTAL2 | Connects crystal to RTC oscillator
RTC oscillator crystal pin XTAL2 O  Connects crystal to RTC oscillator
Clock input/clock output TCLK I1/0 External clock input pin/input capture

control input pin/realtime clock (RTC)
output pin (shared by TMU)

Dedicated power-supply pin for RTC Vcc (RTC) —  Dedicated power-supply pin for RTC*

Dedicated GND pin for RTC Vss (RTC) —  Dedicated GND pin for RTC*

Note: Power must be supplied to the RTC power supply pins even when the RTC is not used.
Except in hardware standby mode, power must be supplied to all power supply pins,
including these, even if only the RTC is used.
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12.1.4 RTC Register Configuration
Table 12.2 shows the RTC register configuration.

Table 12.2RTC Registers

Name AbbreviationR/W Initial Value Address Access
Size
64-Hz counter R64CNT R Undefined H'FFFFFECO 8
Second counter RSECCNT R/W  Undefined H'FFFFFEC2 8
Minute counter RMINCNT RW  Undefined HFFFFFEC4 8
Hour counter RHRCNT RW  Undefined H'FFFFFEC6 8
Day of week counter RWKCNT R/W  Undefined HFFFFFECS8 8
Date counter RDAYCNT RW  Undefined HFFFFFECA 8
Month counter RMONCNT RW  Undefined HFFFFFECC 8
Year counter RYRCNT R/W  Undefined HFFFFFECE 8
Second alarm register RSECAR R/W  Undefined* H'FFFFFEDO 8
Minute alarm register RMINAR R/W  Undefined* HFFFFFED2 8
Hour alarm register RHRAR R/W  Undefined* H'FFFFFED4 8
Day of week alarm register RWKAR RW  Undefined* HFFFFFEDG 8
Date alarm register RDAYAR R/W  Undefined* HFFFFFEDS 8
Month alarm register RMONAR R/W  Undefined* HFFFFFEDA 8
RTC control register 1 RCR1 R/W  H'00 HFFFFFEDC 8
RTC control register 2 RCR2 R/W  H'09 HFFFFFEDE 8

Note: Only the ENB bits of each register are initialized.

12.2 RTC Registers

12.2.1 64-Hz Counter (R64CNT)

The 64-Hz counter (R64CNT) is an 8-bit read-only register that indicates the status of the RTC
divider circuit between 64 Hz and 1 Hz.

R64CNT is reset to H'00 by setting the RESET bit in RTC control register 2 (RCR2) or the ADJ
bit in RCR2 to 1.
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R64CNT isnot initialized by a power-on reset or manual reset, or in standby mode.

Bit 7 alwaysreads 0.
Bit: 7 6 5 4 3 2 1 0
Bit name: — 1Hz 2Hz 4Hz 8Hz 16Hz 32Hz 64Hz
Initial value: 0 — — — — — — _
R/W: R R R R R R R R

12.2.2 Second Counter (RSECCNT)

The second counter (RSECCNT) is an 8-bit read/write register used for setting/counting in the
BCD-coded second section of the RTC. The count operation is performed by a carry for each second
of the 64 Hz counter.

The range that can be set is 00-59 (decimal). Errant operation will result if any other value is set.
Carry out write processing after halting the count operation with the START bit in RCR2, or
perform awrite using the carry flag as shown in figure 12.2.

RSECCNT is not initialized by a power-on reset or manual reset, or in standby mode.

Bit: 7 6 5 4 3 2 1 0
Bit name: — 10 seconds 1 second
Initial value: 0 — — — — — — —
R/W: R R/W R/W R/W R/W RW RW R/W

12.2.3 Minute Counter (RMINCNT)

The minute counter (RMINCNT) is an 8-bit read/write register used for setting/counting in the
BCD-coded minute section of the RTC. The count operation is performed by a carry for each
minute of the second counter.

The range that can be set is 0059 (decimal). Errant operation will result if any other value is set.
Carry out write processing after halting the count operation with the START bit in RCR2, or
perform awrite using the carry flag as shown in figure 12.2.
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RMINCNT is not initialized by a power-on reset or manual reset, or in standby mode.

Bit: 7 6 5 4 3 2 1 0
Bit name: — 10 minutes 1 minute
Initial value: 0 — — — — — — —
R/W: R RW R/W RW R/W R/W R/W R/W

12.2.4 Hour Counter (RHRCNT)

The hour counter (RHRCNT) is an 8-bit read/write register used for setting/counting in the BCD-
coded hour section of the RTC. The count operation is performed by a carry for each 1 hour of the
minute counter.

The range that can be set is 00—23 (decimal). Errant operation will result if any other value is set.
Carry out write processing after halting the count operation with the START bit in RCR2, or
perform awrite using the carry flag as shown in figure 12.2.

RHRCNT is not initialized by a power-on reset or manual reset, or in standby mode.

Bit: 7 6 5 4 3 2 1 0
Bit name: — — 10 hours 1 hour
Initial value: 0 0 — — — — — —
R/W: R R RW RW RW RW RW R/W

12.2.5 Day of the Week Counter (RWKCNT)

The day of the week counter (RWKCNT) is an 8-bit read/write register used for setting/counting in
the BCD-coded day of week section of the RTC. The count operation is performed by a carry for
each day of the date counter.

The range that can be set is 0—6 (decimal). Errant operation will result if any other valueis set.
Carry out write processing after halting the count operation with the START bit in RCR2, or
perform awrite using the carry flag as shown in figure 12.2.

RWKCNT is not initialized by a power-on reset or manual reset, or in standby mode.

Bit: 7 6 5 4 3 2 1 0
Bit name: — — — — — Day of week
Initial value: 0 0 0 0 0 — — —
R/W: R R R R R RW R/W RW
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Days of the week are coded as shown in table 12.3.
Table 12.3Day-of-Week Codes (RWKCNT)

Day of Week Code

Sunday

Monday

Tuesday

Wednesday

Thursday

Friday

O~ W NP |O

Saturday

12.2.6 Date Counter (RDAYCNT)

The date counter (RDAY CNT) is an 8-bit read/write register used for setting/counting in the BCD-
coded date section of the RTC. The count operation is performed by a carry for each day of the hour
counter.

The range that can be set is 01-31 (decimal). Errant operation will result if any other value is set.
Carry out write processing after halting the count operation with the START bit in RCR2, or
perform awrite using the carry flag as shown in figure 12.2.

RDAYCNT isnot initialized by a power-on reset or manual reset, or in standby mode.

The RDAY CNT range that can be set changes with each month and in leap years. Please confirm
the correct setting.

Bit: 7 6 5 4 3 2 1 0
Bit name: — — 10 days 1 day
Initial value: 0 0 — — — — — —
R/W: R R R/W R/W R/W R/W R/W R/W
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12.2.7 Month Counter (RMONCNT)

The month counter (RMONCNT) is an 8-bit read/write register used for setting/counting in the
BCD-coded month section of the RTC. The count operation is performed by a carry for each month
of the date counter.

The range that can be set is 00—12 (decimal). Errant operation will result if any other value is set.
Carry out write processing after halting the count operation with the START bit in RCR2, or
perform awrite using the carry flag as shown in figure 12.2.

RMONCNT isnot initialized by a power-on reset or manual reset, or in standby mode.

Bit: 7 6 5 4 3 2 1 0
Bit name: — — — 10 1 month
months
Initial value: 0 0 0 — — — — —
R/W: R R R R/W RW RW RW R/W

12.2.8 Year Counter (RYRCNT)

The year counter (RYRCNT) is an 8-bit read/write register used for setting/counting in the BCD-
coded year section of the RTC. The least significant 2 digits of the western calendar year are
displayed. The count operation is performed by a carry for each year of the month counter.

The range that can be set is 0099 (decimal). Errant operation will result if any other value is set.
Carry out write processing after halting the count operation with the START bit in RCR2, or
perform awrite using the carry flag as shown in figure 12.2.

RYRCNT is not initialized by a power-on reset or manual reset, or in standby mode.

Leap years are recognized by dividing the year counter value by 4 and obtaining a fractional result
of 0.

Bit: 7 6 5 4 3 2 1 0

Bit name: 10 years 1 year

Initial value: — —_ — — — — — _
R/W: R/W R/W R/W R/W R/W R/W R/W R/W
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12.2.9 Second Alarm Register (RSECAR)

The second alarm register (RSECAR) is an 8-bit read/write register, and an alarm register
corresponding to the BCD-coded second section counter RSECCNT of the RTC. When the
ENBDit is set to 1, a comparison with the RSECCNT value is performed. From among the
RSECAR, RMINAR, RHRAR, RWKAR, RDAY AR, RMONAR registers, the counter and alarm
register comparison is performed only on those with ENB bits set to 1, and if each of those
coincide, an RTC alarm interrupt is generated.

The range that can be set is 00-59 (decimal) + ENB bit. Errant operation will result if any other
valueis set.

The ENB hit in RSECAR isinitialized to 0 by a power-on reset. The remaining RSECAR fields
are not initialized by a power-on reset or manual reset, or in standby mode.

Bit: 7 6 5 4 3 2 1 0
Bit name: ENB 10 seconds 1 second
Initial value: 0 — — — — — — _

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

12.2.10Minute Alarm Register (RMINAR)

The minute dlarm register (RMINAR) is an 8-bit read/write register, and an alarm register
corresponding to the BCD-coded minute section counter RMINCNT of the RTC. When the ENB
bit is set to 1, a comparison with the RMINCNT value is performed. From among the RSECAR,
RMINAR, RHRAR, RWKAR, RDAY AR, RMONAR registers, the counter and alarm register
comparison is performed only on those with ENB bits set to 1, and if each of those coincide, an
RTC alarm interrupt is generated.

The range that can be set is 00-59 (decimal) + ENB bit. Errant operation will result if any other
valueis set.

The ENB bit in RMINAR isinitialized by a power-on reset. The remaining RMINAR fields are
not initialized by a power-on reset or manual reset, or in standby mode. Contents are retained in a
manual reset and in standby mode.

Bit: 7 6 5 4 3 2 1 0
Bit name: ENB 10 minutes 1 minute
Initial value: 0 — — — — — _ _

R/W: RW R/W RW RW R/W RW RW RW
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12.2.11Hour Alarm Register (RHRAR)

The hour alarm register (RHRAR) is an 8-bit read/write register, and an alarm register
corresponding to the BCD-coded hour section counter RHRCNT of the RTC. When the ENB
bitisset to 1, a comparison with the RHRCNT value is performed. From among the RSECAR,
RMINAR, RHRAR, RWKAR, RDAY AR, RMONAR registers, the counter and alarm register
comparison is performed only on those with ENB bits set to 1, and if each of those coincide, an
RTC alarm interrupt is generated.

The range that can be set is 0023 (decimal) + ENB bit. Errant operation will result if any other
valueis set.

The ENB bit in RHRAR is initialized by a power-on reset. The remaining RHRAR fields are not
initialized by a power-on reset or manual reset, or in standby mode. Contents are retained in a
manual reset and in standby mode.

Bit: 7 6 5 4 3 2 1 0
Bit name: ENB — 10 hours 1 hour
Initial value: 0 0 — — — — — —
R/W: RW R RW RW R/W RW RW RW

12.2.12Day of the Week Alarm Register (RWKAR)

The day of the week alarm register (RWKAR) is an 8-bit read/write register, and an alarm register
corresponding to the BCD-coded day of week section counter RWKCNT of the RTC. When the
ENB bit is set to 1, a comparison with the RWKCNT value is performed. From among the
RSECAR, RMINAR, RHRAR, RWKAR, RDAY AR, RMONAR registers, the counter and alarm
register comparison is performed only on those with ENB bits set to 1, and if each of those
coincide, an RTC alarm interrupt is generated.

The range that can be set is 06 (decimal) + ENB bit. Errant operation will result if any other
valueis set.

The ENB bitin RWKAR isinitialized by a power-on reset. The remaining RWKAR fields are not
initialized by a power-on reset or manual reset, or in standby mode. Contents are retained in a
manual reset and in standby mode.

Bit: 7 6 5 4 3 2 1 0
Bit name: ENB — — — — Day of week
Initial value: 0 0 0 0 0 — — —
R/W: R/W R R R R RW RW RW
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Days of the week are coded as shown in table 12.4.
Table 12.4Day-of-Week Codes (RWKAR)

Day of Week Code
Sunday

Monday

Tuesday

Wednesday

Thursday

Friday

O~ W NP |O

Saturday

12.2.13Date Alarm Register (RDAYAR)

The date dlarm register (RDAY AR) is an 8-bit read/write register, and an alarm register
corresponding to the BCD-coded date section counter RDAY CNT of the RTC. When the ENB bit
isset to 1, a comparison with the RDAY CNT value is performed. From among the registers
RSECAR, RMINAR, RHRAR, RWKAR, RDAYAR, RMONAR, the counter and alarm register
comparison is performed only on those with ENB bits set to 1, and if each of those coincide, an
RTC alarm interrupt is generated.

The range that can be set is 01-31 (decimal) + ENB bit. Errant operation will result if any other
valueis set. The RDAY CNT range that can be set changes with some months and in leap years.
Please confirm the correct setting.

The ENB bit in RDAY AR isinitialized by a power-on reset. The remaining RDAY AR fields are
not initialized by a power-on reset or manual reset, or in standby mode. Contents are retained in a
manual reset and in standby mode.

Bit: 7 6 5 4 3 2 1 0
Bit name: ENB — 10 days 1 day
Initial value: 0 0 — — — — — —
R/W: RW R RW RW RW RW RW RW
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12.2.14Month Alarm Register (RMONAR)

The month alarm register (RMONAR) is an 8-bit read/write register, and an alarm register
corresponding to the BCD-coded month section counter RMONCNT of the RTC. When the ENB
bit is set to 1, a comparison with the RMONCNT value is performed. From among the registers
RSECAR, RMINAR, RHRAR, RWKAR, RDAYAR, RMONAR, the counter and alarm register
comparison is performed only on those with ENB bits set to 1, and if each of those coincide, an
RTC alarm interrupt is generated.

The range that can be set is 01-12 (decimal) + ENB bit. Errant operation will result if any other
valueis set.

The ENB bitin RMONAR isinitialized by a power-on reset. The remaining RMONAR fields are
not initialized by a power-on reset or manual reset, or in standby mode. Contents are retained in a
manual reset and in standby mode.

Bit: 7 6 5 4 3 2 1 0
Bit name: ENB — — 10 1 month
months
Initial value: 0 0 0 — — — — —
R/W: R/W R R R/W R/W R/W RW RW

12.2.15RTC Control Register 1 (RCR1)

The RTC control register 1 (RCR1) is an 8-hit read/write register that affects carry flags and alarm
flags. It also selects whether to generate interrupts for each flag. Because flags are sometimes set
after an operand read, do not use this register in read-modify-write processing.

RCR1isinitialized to H'00 by a power-on reset. In amanual reset, all bits are initialized to 0
except for the CF flag, which is undefined. When using the CF flag, it must be initialized
beforehand. This register is not initialized in standby mode.

Bit: 7 6 5 4 3 2 1 0

Bit name: CF — — CIE AIE — — AF

Initial value: 0 0 0 0 0 0 0 0
R/W: RW R R RW R/W R R RW
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Bit 7—Carry Flag (CF): Status flag that indicates that a carry has occurred. CF is set to 1 when a
count-up to R6ACNT or RSECCNT occurs. A count register value read at this time cannot be
guaranteed; another read is required.

Bit 7: CF Description

0 No count up of R64CNT or RSECCNT.
Clearing condition: When 0 is written to CF (Initial
value)

1 Count up of R64CNT or RSECCNT.

Setting condition: When 1 is written to CF

Bits 6, 5, 2, and 1—Reserved: These bits always read 0. The write value should always be 0.

Bit 4—Carry Interrupt Enable Flag (CIE): When the carry flag (CF) is set to 1, the CIE hit
enables interrupts.

Bit 4: CIE Description

0 A carry interrupt is not generated when the CF flag is setto 1~ (Initial
value)

1 A carry interrupt is generated when the CF flag is set to 1

Bit 3—Alarm Interrupt Enable Flag (AIE): When the alarm flag (AF) is set to 1, the AIE bit
allows interrupts.

Bit 3: AIE Description
0 An alarm interrupt is not generated when the AF flag is setto 1
(Initial
value)
1 An alarm interrupt is generated when the AF flag is set to 1

Bit 0—Alarm Flag (AF): The AF flag is set to 1 when the alarm time set in an alarm register
(only registers with ENB bit set to 1) matches the clock and calendar time. Thisflagisclearedto 0
by writing O, but retains its previous value if 1 is written.

Bit 0: AF Description

0 Clock/counter and alarm register have not matched since last reset to 0.
Clearing condition: When 0 is written to AF (Initial value)

1 Setting condition: Clock/counter and alarm register have matched (only

registers with ENB set)*

Note: Contents do not change when 1 is written to AF.

327
HITACHI



12.2.16RTC Control Register 2 (RCR2)

The RTC control register 2 (RCR2) is an 8-bit read/write register for periodic interrupt control, 30-
second adjustment ADJ, divider circuit RESET, and RTC count start/stop control. It isinitialized
to H'09 by a power-on reset. It is not initialized by a manual reset or in standby mode, and retains
its contents.

Bit: 7 6 5 4 3 2 1 0
Bit name: PEF PES2 PES1 PESO RTCEN ADJ RESET START
Initial value: 0 0 0 0 1 0 0 1

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

Bit 7—Periodic Interrupt Flag (PEF): Indicates interrupt generation with the period designated by
the PES bits. When set to 1, PEF generates periodic interrupts.

Bit 7: PEF Description

0 Interrupts not generated with the period designated by the PES bits.
Clearing condition: When 0 is written to PEF (Initial
value)

1 Interrupts generated with the period designated by the PES bits.

Setting condition: When 1 is written to PEF

Bits 6-4—Periodic Interrupt Flags (PES2—PESQ): These bits specify the periodic interrupt.

Bit 6: PES2 Bit 5: PES1 Bit 4. PESO Description

0 0 0 No periodic interrupts generated (Initial value)
1 Periodic interrupt generated every 1/256 second
1 0 Periodic interrupt generated every 1/64 second
1 Periodic interrupt generated every 1/16 second
1 0 0 Periodic interrupt generated every 1/4 second
1 Periodic interrupt generated every 1/2 second
1 0 Periodic interrupt generated every 1 second
1 Periodic interrupt generated every 2 seconds

Bit 3—RTCEN: Controls the operation of the crystal oscillator for the RTC.
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Bit 3: RTCEN Description

0 Halts the crystal oscillator for the RTC.
1 Runs the crystal oscillator for the RTC. (Initial
value)

Bit 2—30-Second Adjustment (ADJ): When 1 iswritten to the ADJ bit, times of 29 seconds or
less will be rounded to 00 seconds and 30 seconds or more to 1 minute. The divider circuit will be
simultaneously reset. This bit always reads 0.

Bit 2: ADJ Description

0 Runs normally. (Initial
value)

1 (write) 30-second adjustment.

Bit 1—Reset (RESET): When 1 iswritten, initializes the divider circuit. This bit aways reads O.

Bit 1: RESET Description

0 Runs normally. (Initial
value)

1 Divider circuit is reset.

Bit 0—Start Bit (START): Halts and restarts the counter (clock).

Bit 0: START Description
0 Second, minute, hour, day, week, month, year counter halts.
1 Second, minute, hour, day, week, month, year counter runs normally.
(Initial
value)

Note: The 64-Hz counter always runs unless stopped with the RTCEN bit.

12.3 RTC Operation

12.3.1 Initial Settings of Registers after Power-On

All the registers should be set after the power is turned on.

12.3.2 Setting the Time
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Part (a) in figure 12.2 shows how to set the time when the clock is stopped. This works when the
entire calendar or clock isto be set.

Part (b) in figure 12.2 describes how to set the clock when the clock is running. This works when
only part of the calendar or clock needs to be reset (e.g., changing only the seconds or only the
hour). The write status is checked using the carry flags. When there is a carry during the writing of
new data, the new datais automatically updated. Since this causes errorsin the data, the data must
be rewritten if the carry flag is set to 1.

The interrupt function can be used to determine the status of the carry flag.

a. To reset the divider circuit and set the counter

Stop clock, Write 1 to RESET and 0 to
reset divider circuit | START in the RCR2 register

Set seconds, minutes,
hour, day, day of the | Order is irrelevant
week, month and year

Write 1 to START in the
Start clock RCR2 register

b. To set the seconds-year counter

Write O to CF in RCR1

Clear the carry flag | Note: Set AF to 1 so that alarm
| flag is not cleared

Write the counter
register

Yes
Read RCR1 and check CF

Carry flag = 1?

Figure 12.2  Setting the Time
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12.3.3 Reading the Time

Figure 12.3 shows how to read the time. If a carry occurs while reading the time, the correct time
will not be obtained, so it must be read again. Part (a) in figure 12.3 shows the method of reading
the time without using interrupts; part (b) in figure 12.3 shows the method using carry interrupts.
To keep programming simple, method (a) should normally be used.

a. To read the time

without using interrupts
l
Disable the carry | Write 0 to CIE in RCR1

interrupt

Write 0 to CF in RCR1

Clear the carry flag | Note: Set AF to 1 so that alarm
I flag is not cleared.

Read counter
register

Yes

Carry flag = 1? Read RCR1 and check CF

b. To use interrupts

»
>

Write 1 to CIE in RCR1,
interrupt and write 0 to CF in RCR1
Clear the carry flag Note: Set AF in RCR1 to 1 so that
I alarm flag is not cleared.

Enable the carry

Read counter
register

Yes

Interrupt
generated?

Disable the carry

interrupt Write 0 to CIE in RCR1

Figure 12.3 Reading the Time
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12.3.4 Alarm Function
Figure 12.4 shows how to use the alarm function.

Alarms can be generated using seconds, minutes, hours, day of the week, date, month, or any
combination of these. Set the ENB bit (bit 7) in the register on which the alarm is placed to 1, and
then set the alarm time in the lower bits. Clear the ENB bit in the register on which the alarm is
placed to 0.

When the clock and alarm times match, a 1 is set in the AF bit (bit 0) in RCR1. Alarm detection
can be checked by reading this bit, but normally it is done by interrupt. If 1 is placed in the AIE
bit (bit 3) in RCRL1, an interrupt is generated when an alarm occurs.

Clock running

Temporarily disable interrupts (clear AIE bit
in RCR1 register to 0) to prevent erroneous
interruption

Clear alarm interrupt

Set alarm time

When interrupts are used, enable interrupts
(set AIE bit in RCR1 register to 1)

Flag must be reset (by clearing AF bit in RCR1
register to 0) since it was set during alarm
time setting

Set alarm interrupt
Clear alarm flag

Monitor alarm time
(wait for interrupt or
check alarm flag)

Figure 124  Using the Alarm Function
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12.3.5 Crystal Oscillator Circuit

Crystal oscillator circuit constants (recommended values) are shown in table 12.5, and the RTC
crystal oscillator circuit in figure 12.5.

Table 12.5Recommended Oscillator Circuit Constants (Recommended Values)

fosc Cin Cout
32.768 kHz 10 to 22 pF 10 to 22 pF
4%
SH7708 Series Ry
Rp
ﬁ EXTAL2 XTAL2
M/ZAXV L s LSS L
| | XTAL
IDI
—_— cin —~ Cout

m

Notes: 1. Select either the G, or Cy; Side for frequency adjustment variable capacitor
according to requirements such as frequency range, degree of stability, etc.

Built-in resistance value R(Typ value) = 10 MQ, Rp (Typ value) = 400 kQ

G, and C,; values include floating capacitance due to the wiring. Take care
when using a ground plane.

The crystal oscillation settling time depends on the mounted circuit constants,
floating capacitance, etc., and should be decided after consultation with the
crystal resonator manufacturer.

Place the crystal resonator and load capacitors ¢, and C,; as close as possible
to the chip.

(Correct oscillation may not be possible if there is externally induced noise in the
EXTAL2 and XTAL2 pins.)

Ensure that the crystal resonator connection pin (EXTAL2, XTAL2) wiring is
routed as far away as possible from other power lines (except GND) and signal
lines.

Figure 12.5

Example of Crystal Oscillator Circuit Connection

HITACHI
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12.4 Usage Notes

12.4.1 Flag Clearing

With the SH7708, the procedure shown in the flowchart below should be used to clear the carry
flag (CF) and alarm flag (AF) in realtime clock (RTC) register RCR1 (RTC control register 1) and
the peripheral interrupt flag (PEF) in register RCR2 (RTC control register 2).

Entire lot

Clear AF flag

Wait for 63 s or more

1. Transition to standby mode
2. Change STCO, STC1 in FEQCR (frequency control register)
3. Change MSTP1 in STBCR (standby control register)

Figure 12.6 AF Flag Clearing

If an interval of at least 63 psis not allowed, the AF flag may not be set even if the setting
conditions are satisfied. Use the same procedure for clearing the CF and PEF flags.
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Section 13  Serial Communication Interface (SCI)

13.1 Overview

The SH7708 Series has an on-chip serial communication interface (SCI) that supports both
asynchronous and synchronous serial communication. It also has a multiprocessor communication
function for serial communication among two or more processors. The SCI supports a smart card
interface, which isaserial communications feature for IC card interfaces that conforms to the

I SO/IEC standard 7816-3 for identification cards. See section 14, Smart Card Interface, for more
information.

13.1.1 Features

SCI features are listed below.

» Asynchronous or synchronous can be selected as the serial communication mode.
* Asynchronous mode:

ad

I I [ |

Seria data communication is synchronized in start-stop mode in character units. The SCI
can communicate with a universal asynchronous receiver/transmitter (UART), an
asynchronous communication interface adapter (ACIA), or any other communications chip
that employs a standard asynchronous serial system. It can also communicate with two or
more other processors using the multiprocessor communication function. The maximum
bit rate is 937.5 kbps. There are twelve selectable serial data communication formats.
Data length: Seven or eight bits

Stop bit length: One or two bits

Parity: Even, odd, or none

Multiprocessor bit: 1 or O

Receive error detection: Parity, overrun, and framing errors

Break detection: By reading the RxD level directly from the serial port register (SCSPTR)
when aframing error occurs

¢ Synchronous mode:

ad

O
g

Serial data communication is synchronized with a clock signal. The SCI can communicate
with other chips having a synchronous communication function. The maximum bit rate is
5 Mbps. There is one seria data communication format.

Data length: Eight bits

Receive error detection: Overrun errors

* Full duplex communication: The transmitting and receiving sections are independent, so the
SCI can transmit and receive simultaneously. Both sections use double buffering, so
continuous data transfer is possible in both the transmit and receive directions.

»  On-chip baud rate generator with selectable bit rates
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* Internal or external transmit/receive clock source: From either baud rate generator (internal) or
SCK pin (external)

« Four types of interrupts: Transmit-data-empty, transmit-end, receive-data-full, and receive-error
interrupts are requested independently.

*  When the SCI isnot in use, it can be stopped by halting the clock supplied to it, saving
power.

13.1.2 Block Diagram

Figure 13.1 shows a block diagram of the SCI.

| |

| el

i S

i Module data bus _g :jnatgr&ls

| 5|

I o]

i [SCRDR | [ SCTDR | SCSSR | SCBRR i

|

| SCSCR :

! SCSMR «—1Po
RxD—» | SCRSR || | SCTSR SCSPTR| | Baudrate e | pya

.y Transmit/ generator | pol6

! receive D o
TXD <. control E—— P@64

XD <
| Parity generation | 4 $ clock| ¢ !
| - |
i Parity check External clock |

SCK= Ly TEI

I > TXI

! Ly RXI

! > ERI

SCRSR: Receive shift register SCSMR: Serial mode register
SCRDR: Receive data register SCSCR: Serial control register
SCTSR: Transmit shift register SCSSR: Serial status register
SCTDR: Transmit data register SCBRR: Bit rate register
SCSPTR: Serial port register

Figure 13.1  SCI Block Diagram
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13.1.3 Pin Configuration
The SCI has the seria pins summarized in table 13.1.

Table 13.1SCI Pins

Pin Name Abbreviationlnput/Output Function

Serial clock pin SCK Input/output Clock input/output
Receive data pin RxD Input Receive data input
Transmit data pin TxD Output Transmit data output

Note: These pins function as mode input pins MDO-MDO?2 after a power-on reset. They are made
to function as serial pins by performing SCI operation settings with the TE, RE, CKEI, and
CKEQO bits in SCSCR and the C/A bit in SCSMR. Break status transmission and detection
can be performed by means of the SCI's SCSPTR register.

13.1.4 Register Configuration

Table 13.2 summarizes the SCI internal registers. These registers select the communication mode
(asynchronous or synchronous), specify the data format and bit rate, and control the transmitter and
receiver sections.

Table 13.2Registers

Name Abbreviation R/W Initial Address Access
Value*? Size
Serial mode register SCSMR R/W H'00 HFFFFFES8D 8
Bit rate register SCBRR R/W HFF HFFFFFES2 8
Serial control register SCSCR R/W H'00 HFFFFFE84 8
Transmit data register SCTDR R/W HFF HFFFFFES6 8
Serial status register  SCSSR R/(W)* H'84 HFFFFFES8 8
Receive data register = SCRDR R H'00 HFFFFFESBA 8
Serial port register SCSPTR R/W Undefined HFFFFFF7C 8

(Initialized)*®

Notes: 1 Only 0 can be written, to clear the flags.
2 Initialized by power-on reset or manual reset.
3. All bits except 2 and 0 are initialized to 0. The value of bits 2 and 0 is undefined.
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13.2 Register Descriptions

13.2.1 Receive Shift Register (SCRSR)

The receive shift register (SCRSR) receives serial data. Datainput at the RxD pin is loaded into
SCRSR in the order received, LSB (bit 0) first, converting the data to parallel form. When one
byte has been received, it is automatically transferred to SCRDR. The CPU cannot read or write
SCRSR directly.

Bit: 7 6 5 4 3 2 1 0

Bit name:

RIW:  — — — — — — — —

13.2.2 Receive Data Register (SCRDR)

Thereceive dataregister (SCRDR) stores serial receive data. The SCI compl etes the reception of
one byte of serial data by moving the received data from the receive shift register (SCRSR) into
SCRDR for storage. SCRSR is then ready to receive the next data. This double buffering allows
the SCI to receive data continuously.

The CPU can read but not write to SCRDR. SCRDR isinitialized to H'00 by areset and in
standby or module standby mode.

Bit: 7 6 5 4 3 2 1 0
Bit name:
Initial value: 0 0 0 0 0 0 0 0
R/W:

13.2.3 Transmit Shift Register (SCTSR)

The transmit shift register (SCTSR) transmits serial data. The SCI loads transmit data from the
transmit data register (SCTDR) into SCTSR, then transmits the data serially from the TxD pin,
LSB (bit 0) first. After transmitting one data byte, the SCI automatically loads the next transmit
data from SCTDR into SCTSR and starts transmitting again. If the TDRE bit in SCSSR is 1,
however, the SCI does not load the SCTDR contents into SCTSR. The CPU cannot read or write
to SCTSR directly.

Bit: 7 6 5 4 3 2 1 0

Bit name:

RIW:  — — — — — — — —
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13.2.4 Transmit Data Register (SCTDR)

The transmit data register (SCTDR) is an 8-bit register that stores data for serial transmission.
When the SCI detects that the transmit shift register (SCTSR) is empty, it moves transmit data
written in SCTDR into SCTSR and starts seria transmission. Continuous serial transmission is
possible by writing the next transmit datain SCTDR during serial transmission from SCTSR.

The CPU can always read and write to SCTDR. SCTDR isinitialized to H'FF by areset and in
standby or module standby mode.

Bit: 7 6 5 4 3 2 1 0
Bit name:
Initial value: 1 1 1 1 1 1 1 1

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

13.2.5 Serial Mode Register (SCSMR)

The serial mode register (SCSMR) is an 8-bit register that specifies the SCI serial communication
format and selects the clock source for the baud rate generator.

The CPU can aways read and write to SCSMR. SCSMR isinitialized to H'00 by areset and in
standby or module standby mode.

Bit: 7 6 5 4 3 2 1 0
Bit name: C/A CHR PE OE STOP MP CKS1 CKSO
Initial value: 0 0 0 0 0 0 0 0

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

Bit 7—Communication Mode (C/A): Selects whether the SCI operates in asynchronous or
synchronous mode.

Bit 7: C/A Description

0 Asynchronous mode (Initial
value)

1 Synchronous mode
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Bit 6—Character Length (CHR): Selects 7-bit or 8-bit data in asynchronous mode. In synchronous
mode, the data length is always 8 bits, regardless of the CHR setting.

Bit 6: CHR Description

0 8-bit data (Initial
value)

1 7-bit data. (When 7-bit data is selected, the MSB (bit 7) of the transmit

data register is not transmitted.)

Bit 5—Parity Enable (PE): Selects whether to add a parity bit to transmit data and to check the
parity of receive data, in asynchronous mode. In synchronous mode, a parity bit is neither added
nor checked, regardless of the PE setting.

Bit 5: PE Description

0 Parity bit not added or checked (Initial
value)

1 Parity bit added and checked. When PE is set to 1, an even or odd

parity bit is added to transmit data, depending on the parity mode (O/E)_
setting. Receive data parity is checked according to the even/odd (O/E)
mode setting.

Bit 4—Parity Mode (O/E): Selects even or odd parity when parity bits are added and checked. The
OIE setting is used only in asynchronous mode and only when the parity enable bit (PE) is set to
1 to enable parity addition and checking. The O/E setting is ignored in synchronous mode, and in
asynchronous mode when parity addition and checking is disabled.

Bit 4: O/E

Description

0

Even parity (Initial
value)

If even parity is selected, the parity bit is added to transmit data to
make an even number of 1s in the transmitted character and parity bit
combined. Receive data is checked to see if it has an even number of
1s in the received character and parity bit combined.

Odd parity

If odd parity is selected, the parity bit is added to transmit data to make
an odd number of 1s in the transmitted character and parity bit
combined. Receive data is checked to see if it has an odd number of 1s
in the received character and parity bit combined.
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Bit 3—Stop Bit Length (STOP): Selects one or two bits as the stop bit length in asynchronous
mode. This setting is used only in asynchronous mode. It isignored in synchronous mode because
no stop bits are added.

In receiving, only the first stop bit is checked, regardless of the STOP bit setting. If the second
stop bitis 1, it istreated as a stop bit, but if the second stop bit is O, it is treated as the start bit of
the next incoming character.

Bit 3: STOP Description

0 One stop bit (Initial
value)
In transmitting, a single 1-bit is added at the end of each transmitted
character.

1 Two stop bits

In transmitting, two 1-bits are added at the end of each transmitted
character.

Bit 2—Multiprocessor Mode (MP): Selects multiprocessor format. When multiprocessor format is
selected, settings of the parity enable (PE) and parity mode (O/E) bits are ignored. The MP bit
setting is used only in asynchronous mode; it is ignored in synchronous mode. For the
multiprocessor communication function, see section 13.3.3, Multiprocessor Communication.

Bit 2: MP Description

0 Multiprocessor function disabled (Initial
value)

1 Multiprocessor format selected

Bits 1 and 0—Clock Select 1 and 0 (CKS1 and CKS0): These bits select the internal clock source
of the on-chip baud rate generator. Four clock sources are available: Pg, P@/4, P@/16 and Pg/64.
For further information on the clock source, bit rate register settings, and baud rate, see section
13.2.9, Bit Rate Register.

Bit 1: CKS1 Bit 0: CKSO Description

0 0 Po (Initial
value)
1 P@/4
1 0 P@/16
1 P@64

Note: Pq: Peripheral clock
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13.2.6 Serial Control Register (SCSCR)

The serial control register (SCSCR) operates the SCI transmitter/receiver, selects the serial clock
output in asynchronous mode, enables/disables interrupt requests, and selects the transmit/receive
clock source. The CPU can always read and write to SCSCR. SCSCR isinitialized to H'00 by a
reset and in standby or module standby mode.

Bit: 7 6 5 4 3 2 1 0
Bit name: TIE RIE TE RE MPIE TEIE CKE1 CKEO
Initial value: 0 0 0 0 0 0 0 0

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

Bit 7—Transmit Interrupt Enable (TIE): Enables or disables the transmit-data-empty interrupt
(TXI) requested when the transmit data register empty bit (TDRE) in the serial status register
(SCSSR) is set to 1 due to transfer of serial transmit data from SCTDR to SCTSR.

Bit 7: TIE Description
0 Transmit-data-empty interrupt request (TXI) is disabled.  (Initial
value)

The TXI interrupt request can be cleared by reading TDRE after it has
been set to 1, then clearing TDRE to 0, or by clearing TIE to O.

1 Transmit-data-empty interrupt request (TXI) is enabled.

Bit 6—Receive Interrupt Enable (RIE): Enables or disables the receive-data-full interrupt (RXI)
reguested when the receive data register full bit (RDRF) in the serial status register (SCSSR) is set
to 1 due to transfer of serial receive datafrom SCRSR to SCRDR. It aso enables or disables
receive-error interrupt (ERI) requests.

Bit 6: RIE Description

0 Receive-data-full interrupt (RXI) and receive-error interrupt (ERI)
requests are disabled. (Initial
value)

RXI and ERI interrupt requests can be cleared by reading the RDRF flag
or error flag (FER, PER, or ORER) after it has been set to 1, then
clearing the flag to 0, or by clearing RIE to 0.

1 Receive-data-full interrupt (RXI) and receive-error interrupt (ERI)
requests are enabled.

Bit 5—Transmit Enable (TE): Enables or disables the SCI serial transmitter.
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Bit 5: TE Description

0 Transmitter disabled (Initial
value)

The transmit data register empty bit (TDRE) in the serial status register
(SCSSR) is locked at 1.

1 Transmitter enabled

Serial transmission starts when the transmit data register empty (TDRE)
bit in the serial status register (SCSSR) is cleared to 0 after writing of
transmit data into SCTDR. Select the transmit format in SCSMR before
setting TE to 1.

Bit 4—Receive Enable (RE): Enables or disablesthe SCI seria receiver.

Bit 4: RE Description
0 Receiver disabled (Initial
value)

Clearing RE to 0 does not affect the receive flags (RDRF, FER, PER,
ORER). These flags retain their previous values.

1 Receiver enabled

Serial reception starts when a start bit is detected in asynchronous
mode, or synchronous clock input is detected in synchronous mode.
Select the receive format in SCSMR before setting RE to 1.

Bit 3—Multiprocessor Interrupt Enable (MPIE): Enables or disables multiprocessor interrupts. The
MPIE setting is used only in asynchronous mode, and only if the multiprocessor mode bit (MP) in
the serial mode register (SCSMR) is set to 1 during reception. The MPIE setting isignored in
synchronous mode or when the MP bit is cleared toO.
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Bit 3: MPIE Description

0 Multiprocessor interrupts are disabled (normal receive operation).
(Initial
value)
MPIE is cleared to 0 by writing O to it, or when the multiprocessor bit
(MPB) is set to 1 in receive data.

1 Multiprocessor interrupts are enabled.

Receive-data-full interrupt requests (RXI), receive-error interrupt
requests (ERI), and setting of the RDRF, FER, and ORER status flags in
the serial status register (SCSSR) are disabled until data with a
multiprocessor bit of 1 is received.

The SCI does not transfer receive data from SCRSR to SCRDR, does
not detect receive errors, and does not set the RDRF, FER, and ORER
flags in the serial status register (SCSSR). When it receives data that
includes MPB = 1, the SCSSR’s MPB flag is set to 1, and the SCI
automatically clears MPIE to O, generates RXI and ERI interrupts (if the
TIE and RIE bits in SCSCR are set to 1), and allows the FER and ORER
bits to be set.

Bit 2—Transmit-End Interrupt Enable (TEIE): Enables or disables the transmit-end interrupt (TEI)
reguested if SCTDR does not contain new transmit data when the MSB is transmitted.

Bit 2: TEIE Description

0 Transmit-end interrupt (TEI) requests are disabled.* (Initial
value)

1 Transmit-end interrupt (TEI) requests are enabled.*

Note: The TEI request can be cleared by reading the TDRE bit in the serial status register
(SCSSR) after it has been set to 1, then clearing TDRE to 0 and clearing the transmit end
(TEND) bit to 0, or by clearing the TEIE bit to 0.

Bits 1 and 0—Clock Enable 1 and 0 (CKEL and CKEQ): These bits select the SCI clock source and
enable or disable clock output from the SCK pin. Depending on the combination of CKE1 and
CKEQ, the SCK pin can be used for serial clock output or serial clock input.

The CKEQ setting is valid only in asynchronous mode, and only when the SCI isinternally
clocked (CKEL = 0). The CKEQO setting isignored in synchronous mode, or when an external clock
sourceis selected (CKEL = 1). Before selecting the SCI operating mode in the serial mode register
(SCSMR), set CKE1 and CKEOQ. For further details on selection of the SCI clock source, see table
13.9 in section 13.3, Operation.
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Bit 1: Bit O:
CKE1 CKEO Description

0 0 Asynchronous mode Internal clock, SCK pin used for input pin (input signal is
ignored) (Initial
value)

Synchronous mode Internal clock, SCK pin used for serial clock output
(Initial
value)

1 Asynchronous mode Internal clock, SCK pin used for clock output*?
Synchronous mode Internal clock, SCK pin used for serial clock output

1 0 Asynchronous mode External clock, SCK pin used for clock input*2
Synchronous mode External clock, SCK pin used for serial clock input

1 Asynchronous mode External clock, SCK pin used for clock input*?
Synchronous mode External clock, SCK pin used for serial clock input

Notes: 1. The output clock frequency is the same as the bit rate.
2 The input clock frequency is 16 times the bit rate.

13.2.7 Serial Status Register (SCSSR)

The serial status register (SCSSR) is an 8-bit register containing multiprocessor bit values, and
status flags that indicate the SCI operating status.

The CPU can always read and write to SCSSR, but cannot write 1 in the status flags (TDRE,
RDRF, ORER, PER, and FER). These flags can be cleared to 0 only if they have first been read
(after being set to 1). Bits 2 (TEND) and 1 (MPB) are read-only bits that cannot be written.
SCSSRisinitialized to H'84 by areset and in standby or module standby mode.

Bit: 7 6 5 4 3 2 1 0
Bit name: TDRE RDRF  ORER FER PER TEND MPB MPBT
Initial value: 1 0 0 0 0 1 0 0
RW: R/(W)* R/(W)* R/(W)* R/(W)* R/(W)* R R R/W

Note: Only 0 can be written, to clear the flag.

Bit 7—Transmit Data Register Empty (TDRE): Indicates that the SCI has |oaded transmit data
from SCTDR into SCTSR and new seria transmit data can be written in SCTDR.
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Bit 7: TDRE

Description

0

SCTDR contains valid transmit data.

TDRE is cleared to 0 when software reads TDRE after it has been set to 1, then
writes 0 in TDRE, or data is written in SCTDR.

SCTDR does not contain valid transmit data. (Initial
value)

TDRE is set to 1 when the chip is reset or enters standby mode, the TE bit in the
serial control register (SCSCR) is cleared to 0, or SCTDR contents are loaded into
SCTSR, so new data can be written in SCTDR.

Bit 6—Receive Data Register Full (RDRF): Indicates that SCRDR contains received data.

Bit 6: RDRF

Description

0

SCRDR does not contain valid received data. (Initial
value)

RDRF is cleared to 0 when the chip is reset or enters standby mode, software
reads RDRF after it has been set to 1, then writes 0 in RDRF, or data is read from
SCRDR.

SCRDR contains valid received data.

RDRF is set to 1 when serial data is received normally and transferred from
SCRSR to SCRDR.

Note: SCRDR and RDRF are not affected by detection of receive errors or by clearing of the RE bit
to 0 in the serial control register. They retain their previous contents. If RDRF is still setto 1
when reception of the next data ends, an overrun error (ORER) occurs and the receive data

is lost.

Bit 5—Overrun Error (ORER): Indicates that data reception aborted due to an overrun error.

Bit 5: ORER Description

0 Receiving is in progress or has ended normally. (Initial
value)
Clearing the RE bit to 0 in the serial control register does not affect the ORER bit,
which retains its previous value.
ORER is cleared to 0 when the chip is reset or enters standby mode or software
reads ORER atfter it has been set to 1, then writes 0 in ORER.

1 A receive overrun error occurred.
SCRDR continues to hold the data received before the overrun error, so
subsequent receive data is lost. Serial receiving cannot continue while ORER is
set to 1. In synchronous mode, serial transmitting is also disabled.
ORER is set to 1 if reception of the next serial data ends when RDRF is set to 1.
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Bit 4—Framing Error (FER): Indicates that data reception aborted due to aframing error in
asynchronous mode.

Bit 4: FER

Description

0

Receiving is in progress or has ended normally. (Initial
value)

Clearing the RE bit to 0 in the serial control register does not affect the FER bit,
which retains its previous value.

FER is cleared to 0 when the chip is reset or enters standby mode or software
reads FER after it has been set to 1, then writes 0 in FER.

A receive framing error occurred.

When the stop bit length is two bits, only the first bit is checked. The second stop
bit is not checked. When a framing error occurs, the SCI transfers the receive
data into SCRDR but does not set RDRF. Serial receiving cannot continue while
FER is set to 1. In synchronous mode, serial transmitting is also disabled.

FER is set to 1 if the stop bit at the end of receive data is checked and found to
be 0.

Bit 3—Parity Error (PER): Indicates that data reception (with parity) aborted due to a parity error in
asynchronous mode.

Bit 3: PER

Description

0

Receiving is in progress or has ended normally. (Initial
value)

Clearing the RE bit to O in the serial control register does not affect the PER bit,
which retains its previous value.

PER is cleared to 0 when the chip is reset or enters standby mode or software
reads PER after it has been set to 1, then writes 0 in PER.

A receive parity error occurred.

When a parity error occurs, the SCI transfers the receive data into SCRDR but
does not set RDRF. Serial receiving cannot continue while PER is setto 1. In
synchronous mode, serial transmitting is also disabled.

PER is set to 1 if the number of 1s in receive data, including the parity bit, does
not match the even or odd parity setting of the parity mode bit (O/E) in the serial
mode register (SCSMR).
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Bit 2—Transmit End (TEND): Indicates that when the last bit of a serial character was transmitted,
SCTDR did not contain valid data, so transmission has ended. TEND is aread-only bit and cannot
be written.

Bit 22 TEND Description

0 Transmission is in progress.

TEND is cleared to 0 when software reads TDRE after it has been set to 1, then
writes 0 in TDRE, or data is written in SCTDR.

1 End of transmission. (Initial
value)

TEND is set to 1 when the chip is reset or enters standby mode, TE is cleared to 0
in the serial control register (SCSCR), or TDRE is 1 when the last bit of a one-byte
serial character is transmitted.

Bit 1—Multiprocessor Bit (MPB): Stores the value of the multiprocessor bit in receive data when
amultiprocessor format is selected for receiving in asynchronous mode. MPB is aread-only bit and
cannot be written.

Bit 1: MPB Description

0 Multiprocessor bit value in receive data is 0. (Initial
value)

If RE is cleared to 0 when a multiprocessor format is selected, the MPB retains
its previousvalue.

1 Multiprocessor bit value in receive data is 1.

Bit 0—M ultiprocessor Bit Transfer (MPBT): Stores the value of the multiprocessor bit added to
transmit data when a multiprocessor format is selected for transmitting in asynchronous mode. The
MPBT setting isignored in synchronous mode, when a multiprocessor format is not selected, or
when the SCI is not transmitting.

Bit 0: MPBT Description

0 Multiprocessor bit value in transmit data is 0. (Initial
value)

1 Multiprocessor bit value in transmit data is 1.
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13.2.8 Serial Port Register (SCSPTR)

The serial port register (SCSPTR) is an 8-hit register that the CPU can always read and write. It
controls I/O and data of the port multiplexed with the serial communications interface (SCI) pins.
Input data can be read from the RxD pin and output data can be transmitted to the TxD pin; this
controls breaks for seria transmission and reception.

SCSPTR isinitialized to H'00 by a power-on reset. It is not initialized by a manual reset or in
standby mode.

Bit: 7 6 5 4 3 2 1 0
Bit name: — — — — SPB1IO SPB1DT SPBOIO SPBODT
Initial value: 0 0 0 0 0 — 0 —
R/W: R R R R R/W R/W R/W R/W

Bits 7 to 4—Reserved: These bits dways read 0. The write value should always be 0.

Bit 3—Serial Port Clock Port 1/0 (SPB110O): Specifies serial port SCK pin input/output. When
the SCK pinis actually set as a port output pin and outputs the value set by the SPB1DT hit, the
C/A bit in SCSMR and the CKE1 and CKEQ bits in SCSCR should be cleared to 0.

Bit 3: SPB1IO Description
0 The SPB1DT value is not output to the SCK pin. (Initial value)
1 The SPB1DT bit value is output to the SCK pin.

Bit 2—Serial Port Clock Port Data (SPB1DT): Specifies the serial port SCK pin input/output
data. Input or output is specified by the SPB11O hit (see the description of SPB11O for details).
When output is specified, the value of the SPB1DT bit is output to the SCK pin. The SCK pin
value is read from the SPB1DT hit regardless of the value of the SPB1IO bit. The initial value of
this bit after a power-on reset is undefined.

Bit 2: SPB1DT Description

0 I/O data level is low. (Initial value)

1 I/O data level is high.

Bit 1—Serial Port Break 1/0O (SPBOIO): Specifiesthe serial port TXD pin output condition. When
the TxD pin is actually set as a port output pin and outputs the value set by the SPBODT bit, the
TE bit in SCSCR should be cleared to 0.
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Bit 1: SPBOIO Description
0 The SPBODT bit value is not output to the TxD pin. (Initial value)

1 The SPBODT bit value is output to the TxD pin.

Bit 0—Serial Port Break Data (SPBODT): Specifies the serial port I/O data. Use the SPBOIO hit to
specify input or output of TxD pin. See the description of SPBOIO for details. SPBODT hit is
output to the TxD pin when specified as output. The RxD pin value is read from the SPBOIO bit
regardless of the SPBOIO bit value. Theinitial value is undefined.

Bit 0 : SPBODT Description

0 I/O data level is low. (Initial value)

1 I/O data level is high.

Block diagrams of the SCI 1/O port pins are shown in figures 15.2 to 15.4 in section 15, 1/0
Ports.

13.2.9 Bit Rate Register (SCBRR)

The hit rate register (SCBRR) is an 8-bit register that, together with the baud rate generator clock
source selected by the CKS1 and CK S0 hits in the serial mode register (SCSMR), determines the
serial transmit/receive bit rate.

The CPU can always read and write to SCBRR. SCBRR isinitialized to H'FF by areset and in
module standby or standby mode. Each channel has independent baud rate generator control, so
different values can be set in the two channels.

Bit: 7 6 5 4 3 2 1 0
Bit name:
Initial value: 1 1 1 1 1 1 1 1

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

The SCBRR setting is calculated as follows:
Asynchronous mode: N = [P@/(64 x 22"~ 1 x B)] x 106 — 1
Synchronous mode: N = [P@/(8 x 22" ~1 x B)] x 106 — 1
B: Bit rate (bit/s)

N: SCBRR setting for baud rate generator (0 < N < 255)
Pg: Operating frequency for peripheral modules (MHz)

n: Baud rate generator clock source (n =0, 1, 2, 3) (for the clock sources and values of n,
see table 13.3.)
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Table 13.3SCSMR Settings

SCSMR Settings

n Clock Source CKsS1 CKSO0
0 Po 0 0
1 P@/4 0 1
2 PW16 1 0
3 P@64 1 1

Note: The bit rate error for asynchronous mode is given by the following formula:
Error (%) = {P(@ x 108)/[(N + 1) x B x 64 x 22" ~1] _ 1 }x 100

Table 13.4 lists examples of SCBRR settings in asynchronous mode; table 13.5 lists examples of
SCBRR settings in synchronous mode.

Table 13.4Bit Rates and SCBRR Settings in Asynchronous Mode

Po (MHz)
2 2.097152 2.4576
Bit Rate n N Error (%)n N Error (%)n N Error
(Bit/s) (%)
110 1 141 0.03 1 148 -0.04 1 174  -0.26
150 1 103 0.16 1 108 0.21 1 127  0.00
300 0 207 0.16 0 217 0.21 0 255  0.00
600 0 103 0.16 0 108 0.21 0 127 0.00
1200 0 51 0.16 0 54 -0.70 0 63 0.00
2400 0 25 0.16 0 26 1.14 0 31 0.00
4800 0 12 0.16 0 13 —2.48 0 15 0.00
9600 0 6 —6.99 0 6 —2.48 0 7 0.00
19200 0 2 8.51 0 2 13.78 0 3 0.00
31250 0 1 0.00 0 1 4.86 0 1 22.88
38400 0 1 -1862 O 1 -1467 O 1 0.00
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Table 13.4Bit Rates and SCBRR Settings in Asynchronous Mode (cont)

Po (MHz)

3.6864
Bit Rate n N Error (%)n N Error (%)n N Error
(Bit/s) (%)
110 1 212 0.03 2 64 0.70 2 70 0.03
150 1 155 0.16 1 191 0.00 1 207 0.16
300 1 77 0.16 1 95 0.00 1 103 0.16
600 0 155 0.16 0 191 0.00 0 207 0.16
1200 0 7 0.16 0 95 0.00 0 103 0.16
2400 0 38 0.16 0 47 0.00 0 51 0.16
4800 0 19 -2.34 0 23 0.00 0 25 0.16
9600 0 -2.34 0 11 0.00 0 12 0.16
19200 0 4 -2.34 0 5 0.00 0 6 —6.99
31250 0 0.00 — — — 0 3 0.00
38400 — — — 0 2 0.00 0 2 8.51

Po (MHz)

4.9152 5

Bit Rate n N Error (%)n N Error (%)n N Error
(Bit/s) (%)
110 2 86 0.31 2 88 -0.25 2 106 -0.44
150 1 255 0.00 2 64 0.16 2 77 0.16
300 1 127 0.00 1 129 0.16 1 155 0.16
600 0 255 0.00 1 64 0.16 1 77 0.16
1200 0 127 0.00 0 129 0.16 0 155 0.16
2400 0 63 0.00 0 64 0.16 0 77 0.16
4800 0 31 0.00 0 32 -1.36 0 38 0.16
9600 0 15 0.00 0 15 1.73 0 19 -2.34
19200 0 0.00 0 1.73 0 9 -2.34
31250 0 -1.70 0 4 0.00 0 0.00
38400 0 0.00 0 1.73 0 4 -2.34
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Table 13.4Bit Rates and SCBRR Settings in Asynchronous Mode (cont)

Po (MHz)
6.144 7.3728 8
Bit Rate n N Error (%)n N Error (%)n N Error
(Bit/s) (%)
110 2 108 0.08 2 130 -0.07 2 141 0.03
150 2 79 0.00 2 95 0.00 2 103 0.16
300 1 159 0.00 1 191 0.00 1 207 0.16
600 1 79 0.00 1 95 0.00 1 103 0.16
1200 0 159 0.00 0 191 0.00 0 207 0.16
2400 0 79 0.00 0 95 0.00 0 103 0.16
4800 0 39 0.00 0 47 0.00 0 51 0.16
9600 0 19 0.00 0 23 0.00 0 25 0.16
19200 0 9 0.00 0 11 0.00 0 12 0.16
31250 0 2.40 0 6 5.33 0 7 0.00
38400 0 0.00 0 5 0.00 0 6 —6.99
Po (MHz)

9.8304 10 12 12.288
Bit Rate Error Error Error Error
(Bit/s) n N (%) n N (%) n N (%) n N (%)
110 2 174 -0.26 2 177 -0.25 2 212 0.03 2 217 0.08
150 2 127 0.00 2 129 0.16 2 155 0.16 2 159 0.00
300 1 255 0.00 2 64 016 2 77 016 2 79 0.00
600 1 127 0.00 1 129 0.16 1 155 0.16 1 159 0.00
1200 0 255 0.00 1 64 016 1 77 016 1 79  0.00
2400 0 127 0.00 O 129 0.16 O 155 0.16 O 159 0.00
4800 0 63 0.00 O 64 0.16 O 7 0.16 O 79 0.00
9600 0 31 000 O 32 -136 0 38 016 O 39 0.00
19200 0 15 0.00 O 15 173 O 19 016 O 19 0.00
31250 0 9 -1.70 O 9 0.00 O 11 0.00 O 11 2.40
38400 0 7 0.00 O 7 1.73 0 9 -2.34 0 9 0.00
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Table 13.4Bit Rates and SCBRR Settings in Asynchronous Mode (cont)
Po (MHz)

14.7456 16 19.6608 20
Bit Rate Error Error Error Error
(Bit/s) n N (%) n N (%) n N (%) n N (%)
110 3 64 070 3 70 003 3 86 031 3 88 -0.25
150 2 191 0.00 2 207 0.16 2 255 0.00 3 64 0.16
300 2 95 0.00 2 103 0.16 2 127 0.00 2 129 0.16
600 1 191 0.00 1 207 0.16 1 255 0.00 2 64 0.16
1200 1 95 0.00 1 103 0.16 1 127 0.00 1 129 0.16
2400 0 191 0.00 O 207 0.16 O 255 0.00 O 64 0.16
4800 0 95 000 O 103 0.16 O 127 0.00 O 129 0.16
9600 0 47 0.00 O 51 0.16 O 63 0.00 O 64 0.16
19200 0 23 000 O 25 016 O 31 000 O 32 -1.36
31250 0 14 -170 0 15 000 O 19 -1.70 0 19 0.00
38400 0 11 0.00 O 12 0.16 O 15 0.00 O 15 1.73

P (MHz)
24 24.576 28.7 30

Bit Rate Error Error Error Error
(Bit/s) n N (%) n N (%) n N (%) n N (%)
110 3 106 -0.44 3 108 0.08 3 126 0.31 3 132 0.13
150 3 77 016 3 79 0.00 3 92 046 3 97 -0.35
300 2 155 0.16 2 159 0.00 2 186 -0.08 2 194 0.16
600 2 77 0.16 2 79 0.00 2 92 0.46 2 97 -0.35
1200 1 155 0.16 1 159 0.00 1 186 -0.08 1 194 0.16
2400 1 77 016 1 79 000 1 92 046 1 97 -0.35
4800 0 155 0.16 O 159 0.00 O 186 -0.08 O 194 -1.36
9600 0 77 016 O 79 000 O 92 046 O 97 -0.35
19200 0 38 016 ©0 39 000 O 46 -061 O 48  -0.35
31250 0 23 0.00 O 24 -1.70 O 28 -1.03 0 29 0.00
38400 0 19 -234 0 19 0.00 O 22 155 0 23 1.73
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Table 13.5Bit Rates and SCBRR Settings in Synchronous Mode

Po (MHz)

Bit Rate 4 8 16 28.7 30
(Bit/s) n N n N n N n N n N
110 — — — — — — — — — —
250 2 249 3 124 3 249 — — — —
500 2 124 2 249 3 124 3 223 3 233
1k 1 249 2 124 2 249 3 111 3 116
2.5k 1 99 1 199 2 99 2 178 2 187
5k 0 199 1 99 1 199 2 89 2 93
10k 0 99 0 199 1 99 1 178 1 187
25k 0 39 0 79 0 159 1 71 1 74
50k 0 19 0 39 0 79 0 143 0 149
100k 0 9 0 19 0 39 0 71 0 74
250k 0 3 0 7 0 15 — — 0 29
500k 0 0 3 0 — — 0 14
Y 0 0* 0 0 — — — —
M — — 0 0* 0 1 — — — —
Note: Settings with an error of 1% or less are recommended.

Legend

Blank: No setting possible

— Setting possible, but error occurs

*: Continuous transmit/receive operation not possible
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Table 13.6 shows the maximum bit rates in asynchronous mode when the baud rate generator is
being used. Tables 13.7 and 13.8 list the maximum rates for external clock input.

Table 13.6Maximum Bit Rates for Various Frequencies with Baud Rate
Generator (Asynchronous Mode)

Settings

Po (MHz) Maximum Bit Rate (Bit/s) n N
2 62500 0 0
2.097152 65536 0 0
2.4576 76800 0 0
3 93750 0 0
3.6864 115200 0 0
4 125000 0 0
4.9152 153600 0 0
8 250000 0 0
9.8304 307200 0 0
12 375000 0 0
14.7456 460800 0 0
16 500000 0 0
19.6608 614400 0 0
20 625000 0 0
24 750000 0 0
24.576 768000 0 0
28.7 896875 0 0
30 937500 0 0
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Table 13.7Maximum Bit Rates during External Clock Input (Asynchronous

M ode)
Pe (MHz) External Input Clock Maximum Bit Rate (Bit/s)
(MHz)

2 0.5000 31250
2.097152 0.5243 32768
2.4576 0.6144 38400
3 0.7500 46875
3.6864 0.9216 57600
4 1.0000 62500
4.9152 1.2288 76800
8 2.0000 125000
9.8304 2.4576 153600
12 3.0000 187500
14.7456 3.6864 230400
16 4.0000 250000
19.6608 4.9152 307200
20 5.0000 312500
24 6.0000 375000
24.576 6.1440 384000
28.7 7.1750 448436
30 7.5000 468750

Table 13.8Maximum Bit Rates during External Clock Input (Synchronous

M ode)
Po (MHz) External Input Clock Maximum Bit Rate (Bit/s)
(MHz)
8 1.3333 1333333.3
16 2.6667 2666666.7
24 4.0000 4000000.0
28.7 4.7833 4783333.3
30 5.0000 5000000.0
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13.3 Operation

13.3.1 Overview

For serial communication, the SCI has an asynchronous mode in which characters are synchronized
individually, and a synchronous mode in which communication is synchronized with clock pul ses.
Asynchronous/synchronous mode and the transmission format are selected in the serial mode
register (SCSMR), as shown in table 13.9. The SCI clock source is selected by the combination

of the C/A bit in the serial mode register (SCSMR) and the CKE1 and CKEO bitsin the serial
control register (SCSCR), as shown in table 13.10.

Asynchronous Mode:

Data length is selectable: seven or eight bits.

Parity and multiprocessor bits are selectable, asis the stop bit length (one or two bits). The

combination of the preceding selections constitutes the communication format and character

length.

In receiving, it is possible to detect framing errors (FER), parity errors (PER), overrun errors

(ORER) and breaks.

Aninternal or externa clock can be selected as the SCI clock source.

0 When aninternal clock is selected, the SCI operates using the on-chip baud rate generator,
and can output a seria clock signal with afrequency matching the bit rate.

O When an external clock is selected, the external clock input must have a frequency 16 times
the bit rate. (The on-chip baud rate generator is not used.)

Synchronous Mode:

The transmission/reception format has a fixed eight-bit data length.

In receiving, it is possible to detect overrun errors (ORER).

Aninternal or externa clock can be selected as the SCI clock source.

0 When aninternal clock is selected, the SCI operates using the on-chip baud rate generator,
and outputs a seria clock to external devices.

O When an external clock is selected, the SCI operates on the input serial clock. The on-chip
baud rate generator is not used.
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Table 13.9Serial Mode Register Settings and SCI Communication Formats

SCSMR Settings SCI Communication Format
Bit 7 Bit 6 Bit 5 Bit 2 Bit 3 Data Parity Multipro- Stop Bit
Mode C/A CHR PE MP  STOP Length Bit cessor Length
Bit
Asynchronous 0 0 0 0 0 8-hit Not used Notused 1 bit
1 2 bits
1 0 Used 1 bit
1 2 bits
1 0 0 7-bit Not used 1 bit
1 2 bits
1 0 Used 1 bit
1 2 bits
Asynchronous 0 * 1 0 8-bit Not used Used 1 bit
(multiprocessor * 1 2 bits
format) - S —
1 * 0 7-bit 1 bit
* 1 2 bits
Synchronous 1 * * * * 8-hit Not used None

Note: Asterisks (*) indicate don’t-care bits.

Table 13.10 SCSMR and SCSCR Settings and SCI Clock Source Selection

SCSMR SCSCR SCI Transmit/Receive Clock
Settings
Bit 7 Bit 1 Bit O Clock SCK
Mode C/A CKE1 CKEO Source Pin Function
Asynchronous 0 0 0 Internal SCI does not use the SCK pin
mode 1 Outputs a clock with frequency
matching the bit rate
1 0 External Inputs a clock with frequency 16
1 times the bit rate
Synchronous 1 0 0 Internal Outputs the serial clock
mode 1
1 0 External Inputs the serial clock
1
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13.3.2 Operation in Asynchronous Mode

In asynchronous mode, each transmitted or received character begins with a start bit and ends with a
stop bit. Serial communication is synchronized one character at atime.

The transmitting and receiving sections of the SCI are independent, so full-duplex communication
is possible. The transmitter and receiver are both double-buffered, so data can be written and read
while transmitting and receiving are in progress, enabling continuous transmitting and receiving.

Figure 13.2 shows the general format of asynchronous serial communication. In asynchronous
serial communication, the communication line is normally held in the mark (high) state. The SCI
monitors the line and starts serial communication when the line goes to the space (low) state,
indicating a start bit. One serial character consists of a start bit (low), data (L SB first), parity bit
(high or low), and stop bit (high), in that order.

When receiving in asynchronous mode, the SCI synchronizes on the falling edge of the start bit.
The SCI samples each data bit on the eighth pulse of a clock with afrequency 16 times the bit
rate. Receive dataislatched at the center of each bit.

Idle (mark) state
1 (LSB) (MSB) 1

serial | 0 | b, | D, | D, | Dy | D, | Ds|Dg| D, [0n]1 1
data

Start Parity| Stop
bit bit bit
P P Transmit/receive data S _
> - > >
1 bit | 7 or 8 bits lor 1lor
no bit 2 bits

One unit of communication data (character or frame)

A
A

Figure 13.2 Data Format in Asynchronous Communication (Example: 8-Bit
Data with Parity and 2 Stop Bits)

Transmit/Receive Formats: Table 13.11 lists the 12 communication formats that can be
selected in asynchronous mode. The format is selected by settingsin the serial mode register
(SCSMR).
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Table 13.11 Serial Communication Formats (Asynchronous M ode)

SCSMR Bits Serial Transmit/Receive Format and Frame Length
CHR PE MP STOP 1 2 3 4 5 6 7 8 9 10 11 12

0 0 0 0 S 8-bit data STOP

0 0 0 1 S 8-bit data STOP STOP

0 1 0 0 S 8-bit data P STOP

0 1 0 1 S 8-bit data P STOP STOP
1 0 0 0 S 7-bit data STOP

1 0 0 1 S 7-bit data STOP STOP

1 1 0 0 S 7-bit data P STOP

1 1 0 1 S 7-bit data P STOP STOP

0 — 1 0 S 8-bit data MPB STOP

0 — 1 1 S 8-bit data MPB STOP STOP
1 — 1 0 S 7-bit data MPB STOP

1 — 1 1 S 7-bit data MPB STOP STOP
Legend

— Don't care bits

S: Start bit

STOP: Stop bit

P: Parity bit

MPB:  Multiprocessor bit

Clock: Aninternal clock generated by the on-chip baud rate generator or an external clock input
from the SCK pin can be selected as the SCI transmit/receive clock. The clock sourceis selected
by the C/A bit in the serial mode register (SCSMR) and bits CKE1 and CKEO in the serial
control register (SCSCR) (table 13.10).

When an external clock isinput at the SCK pin, it must have a frequency equal to 16 times the
desired bit rate.

When the SCI operates on an internal clock, it can output a clock signal at the SCK pin. The
frequency of this output clock is equal to the bit rate. The phaseis aligned as shown in figure 13.3
so that the rising edge of the clock occurs at the center of each transmit data bit.
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I ) A A O [ O B O

| o |po|p1|Dp2|D3|pa|D5|D6|D7]|0L| 1 1

P 1 frame

»
“ r‘

Figure 13.3  Output Clock and Serial Data Timing (Asynchronous Mode)

Transmitting and Receiving Data (SCI Initialization (Asynchronous Mode)):
Before transmitting or receiving, clear the TE and RE hitsto 0 in the seria control register
(SCSCR), then initialize the SCI as follows.

When changing the operation mode or communication format, always clear the TE and RE bits to
0 before following the procedure given below. Clearing TE to 0 sets TDRE to 1 and initializes the
transmit shift register (SCTSR). Clearing RE to 0, however, does not initialize the RDRF, PER,
FER, and ORER flags or receive data register (SCRDR), which retain their previous contents.

When an external clock is used, the clock should not be stopped during initialization or subsequent
operation. SCI operation becomes unreliable if the clock is stopped.

Figure 13.4 is a sample flowchart for initializing the SCI. The procedure for initializing the SCI
is:

1. Select the clock source in the seria control register (SCSCR). Leave RIE, TIE, TEIE, MPIE,
TE, and RE cleared to 0. If clock output is selected in asynchronous mode, clock output starts
immediately after the setting is made in SCSCR.

2. Select the communication format in the serial mode register (SCSMR).

3. Write the value corresponding to the bit rate in the bit rate register (SCBRR) unless an externa
clock is used.

4. Wait for at least the interval required to transmit or receive one bit, then set TE or RE in the
serial control register (SCSCR) to 1. Also set RIE, TIE, TEIE, and MPIE as necessary.
Setting TE or RE enables the SCI to use the TxD or RxD pin. Theinitia states are the mark
transmit state, and the idle receive state (waiting for a start bit).
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( Initialize >

interval elapsed?

Set TE and RE bits in SCSCR to 1
and set RIE, TEIE, and MPIE bits

( cna )

Clear TE and RE bits in SCSCR to 0
|
Set CKE1 and CKEO bits in SCSCR
(TE and RE bits are 0) @
I
Select transmit/receive )
format in SCSMR
I
Set value to SCBRR 3)
P Wait
Has a 1-bit No

(4)

Circled numbers refer to the preceding procedure.

Transmitting Serial Data (Asynchronous Mode): Figure 13.5 shows a sample flowchart

Figure 13.4

Sample Flowchart for SCI Initialization

for transmitting serial data. The procedure for transmitting serial datais:

1.

HITACHI

SCI status check and transmit data write: Read the seria status register (SCSSR), check that
the TDRE hit is 1, then write transmit data in the transmit data register (SCTDR) and clear

. To continue transmitting serial data: Read the TDRE hit to check whether it is safe to write (if
it reads 1); if so, write datain SCTDR, then clear TDRE to 0.
To output a break at the end of serial transmission: Clear the SPBODT bit in the SCSPTR, set
the SPBOIO hit to 1 and then clear the TE bit to 0 in SCSCR.




( Start transmission >

P

Read TDRE bit in SCSSR (1)

No

Yes

Write transmit data to TDR and
clear TDRE bit in SCSSR to 0

All data transmitted?

Yes

<
<«

Read TEND bit in SCSSR

Break output?

Clear SPBODT to 0
and set SPB0OIO to 1

[
Clear TE bitin SCSCRt0 0

|A
[~

< End transmission >

Note: Circled numbers refer to the preceding procedure.

Figure 13.5 Sample Flowchart for Transmitting Serial Data
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In transmitting serial data, the SCI operates as follows:

1. The SCI monitors the TDRE hit in SCSSR. When TDRE is cleared to 0, the SCI recognizes
that the transmit data register (SCTDR) contains new data, and loads this data from SCTDR
into the transmit shift register (SCTSR).

2. After loading the data from SCTDR into SCTSR, the SCI sets the TDRE bit to 1 and starts
transmitting. If the transmit-data-empty interrupt enable bit (TIE) is set to 1 in SCSCR, the
SCI requests a transmit-data-empty interrupt (TX1) at thistime. Serial transmit datais
transmitted in the following order from the TxD pin:

a. Start bit: One 0 bit is output.

b. Transmit data: Seven or eight bits of data are output, L SB first.

¢. Parity bit or multiprocessor hit: One parity bit (even or odd parity) or one multiprocessor
bit is output. Formats in which neither a parity bit nor a multiprocessor bit is output can
also be selected.

d. Stop bit: One or two 1 bits (stop bits) are output.

e. Marking: Output of 1 bits continues until the start bit of the next transmit data.

3. The SCI checks the TDRE hit when it outputs the stop bit. If TDRE is 0, the SCI loads new
data from SCTDR into SCTSR, outputs the stop bit, then begins seria transmission of the
next frame. If TDRE is 1, the SCI sets the TEND bit to 1 in SCSSR, outputs the stop bit,
then continues output of 1 bits (marking). If the transmit-end interrupt enable bit (TEIE) in
SCSCRis set to 1, atransmit-end interrupt (TEI) is requested.
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Figure 13.6 shows an example of SCI transmit operation in asynchronous mode.

Start Parity Stop Start Parity Stop
1 bit Data bit  bit  bit Data bit  bit 1
1 )) )
Sg”f" |O|D0|D1| |D7|O/1|1|0|D0|D1| |D7|O/1|1 Idle
ata S ) (mark)
state
£
TDRE |
SS
TEND T T T
(( (C
| | )) | )) A
TXI interrupt TXI interrupt TXI interrupt TEI interrupt

request handler writes request request

data to SCTDR

and clears TDRE
bitto 0

A
A\

1 frame

Figure 13.6  SCI Transmit Operation in Asynchronous Mode (Example: 8-Bit
Data with Parity and One Stop Bit)

Receiving Serial Data (Asynchronous Mode): Figure 13.7 shows a sample flowchart for
receiving serial data. The procedure for receiving serial data after enabling the SCI for reception is:

1. Receive error handling and break detection: If areceive error occurs, read the ORER, PER and
FER bitsin SCSSR to identify the error. After executing the necessary error handling, clear
ORER, PER and FER al to 0. Receiving cannot resume if ORER, PER or FER remain set to
1. When aframing error occurs, the RxD pin can be read to detect the break state.

2. SCI status check and receive-data read: Read the serial status register (SCSSR), check that
RDRF is set to 1, then read receive data from the receive data register (SCRDR) and clear
RDRF to 0. The RXI interrupt can also be used to determine if the RDRF bit has changed
from O to 1.

3. To continue receiving serial data: Read the RDRF and SCRDR hits and clear RDRF to O
before the stop bit of the current frameis received.
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< Start reception >

Read ORER, PER, and FER
bits in SCSSR

Yes
PER, FER, ORER =1?

1)

Read the RDRF bit in SCSSR (2) ( Error handling )

No

Yes

Read reception data of SCRDR 3
and clear RDRF bitin SCSSR to 0 | 3

All data received?

Clear the RE bit in SCSCR to 0

( End reception >

Note: Circled numbers refer to the preceding procedure.

Figure 13.7  Sample Flowchart for Receiving Serial Data
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< Error handling )

No

Yes

Overrun error handling

‘l
L g

Framing error handling Clear RE bitin SCSCR to 0

>l

No
PER =1?

Yes

Parity error handling

»la
Ll

Clear ORER, PER, and
FER bits in SCSSR to 0

( rd )

Figure 13.7  Sample Flowchart for Receiving Serial Data (cont)
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In receiving, the SCI operates as follows:

1. The SCI monitors the communication line. When it detects a start bit (0), the SCI
synchronizes internally and starts receiving.

2. Receive datais shifted into SCRSR in order from the LSB to the MSB.

3. The parity bit and stop bit are received. After receiving these bits, the SCI makes the following
checks:

a. Parity check: The number of 1sin the receive data must match the even or odd parity
setting of the O/E bit in SCSMR.

b. Stop bit check: The stop bit value must be 1. If there are two stop bits, only the first stop
bit is checked.

c. Status check: RDRF must be 0 so that receive data can be loaded from SCRSR into
SCRDR.
If these checks all pass, the SCI sets RDRF to 1 and stores the received datain SCRDR. If
one of the checks fails (receive error), the SCI operates as indicated in table 13.12.
Note: When areceive error flag is set, further receiving is disabled. The RDRF bit is not
set to 1. Be sure to clear the error flags.

4. After setting RDRF to 1, if the receive-data-full interrupt enable bit (RIE) issetto 1in
SCSCR, the SCI requests a receive-data-full interrupt (RX1). If one of the error flags (ORER,
PER, or FER) is set to 1 and the receive-data-full interrupt enable bit (RIE) in SCSCR is aso
set to 1, the SCI requests areceive-error interrupt (ERI).

Table 13.12 Receive Error Conditions and SCI Operation

Receive Error Abbreviation Condition Data Transfer
Overrun error ORER Receiving of next data ends while Receive data not loaded
RDREF is still setto 1 in SCSSR from SCRSR into SCRDR
Framing error FER Stop bitis 0 Receive data loaded from
SCRSR into SCRDR
Parity error PER Parity of receive data differs from Receive data loaded from

even/odd parity setting in SCSMR  SCRSR into SCRDR

Figure 13.8 shows an example of SCI receive operation in asynchronous mode.
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Start Parity Stop Start Parity Stop

bit Data bit  bit bit Data bit  bit 1
Serial | ” »? Idl

0 D0|D1||D7|0/1|1|0|D0|D1| |D7|0/1|1 e
data 5 5 (mark)

‘ state

RDRF
« («

)) + 2
RXI interrupt ‘

FER request
(C (C

)

1 frame
RXI interrupt ERI interrupt
handler reads data request generated
and clears RDRF by framing error
bit to 0

Figure 13.8 SCI Receive Operation (Example: 8-bit Data with Parity and One
Stop Bit)

13.3.3 Multiprocessor Communication

The multiprocessor communication function enables several processors to share asingle serial
communication line. The processors communicate in asynchronous mode using a format with an
additional multiprocessor bit (multiprocessor format).

In multiprocessor communication, each receiving processor is addressed by aunique ID. A serial
communication cycle consists of an ID-sending cycle that identifies the receiving processor, and a
data-sending cycle. The multiprocessor bit distinguishes | D-sending cycles from data-sending
cycles. The transmitting processor starts by sending the ID of the receiving processor with which
it wants to communicate as data with the multiprocessor bit set to 1. Next the transmitting
processor sends transmit data with the multiprocessor bit cleared to O.

Receiving processors skip incoming data until they receive data with the multiprocessor bit set to
1. When they receive data with the multiprocessor bit set to 1, receiving processors compare the
datawith their IDs. The receiving processor with amatching ID continues to receive further
incoming data. Processors with I Ds not matching the received data skip further incoming data until
they again receive data with the multiprocessor bit set to 1. Multiple processors can send and
receive datain thisway.
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Figure 13.9 shows an example of communication among processors using the multiprocessor
format.

Transmitting
station
v Serial communication circuit
Receiving Receiving Receiving Receiving
station A station B station C station D
(ID = 01) (ID = 02) (ID = 03) (ID = 04)

Serial H'01 H'AA
data
(MPB =1) (MPB =0)
ID transmit cycle = Data transmit cycle =
specifies receiving station data transmission to
receiving station specified
by ID

MPB: Multiprocessor bit

Figure 13.9 Communication Among Processors Using Multiprocessor Format
(Example: Sending Data H'AA to Receiving Processor A)

Communication Formats: Four formats are available. Parity-bit settings are ignored when
the multiprocessor format is selected. For details see table 13.11.

Clock: See the description in the asynchronous mode section.

Transmitting Multiprocessor Serial Data: Figure 13.10 shows a sample flowchart for
transmitting multiprocessor serial data. The procedure for transmitting multiprocessor serial data
is:

1. SCI status check and transmit data write: Read the seria status register (SCSSR), check that
the TDRE hit is 1, then write transmit data in the transmit data register (SCTDR). Also set
MPBT (multiprocessor hit transfer) to 0 or 1 in SCSSR. Finaly, clear TDRE to 0.

2. To continue transmitting serial data: Read the TDRE bit to check whether it is safe to write (if
it reads 1); if so, write datain SCTDR, then clear TDRE to 0.

3. To output abreak at the end of serial transmission: Set the SPBODT hit in the SCSPTR
register to 0, set SPBOIO to 1, then clear TE to 0 in SCSCR.
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( Start transmission )

le
[~

| Read TDRE bitin SCSSR | (1)

e

Yes

Write transmission data to TDR
and set MPBT bit in SCSSR

| Clear TDRE bit to 0 |

(@)

Clear SPBODT to 0,
set SPBOIO to 1
|
| Clear TE bit SCSCR to 0 |

le
I

( End transmission )

Note: Circled numbers refer to the preceding procedure.

Figure 13.10 Sample Flowchart for Transmitting Multiprocessor Serial Data
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In transmitting serial data, the SCI operates as follows:

1. The SCI monitors the TDRE bit in SCSSR. When TDRE is cleared to 0 the SCI recognizes
that the transmit data register (SCTDR) contains new data, and loads this data from SCTDR
into the transmit shift register (SCTSR).

2. After loading the data from SCTDR into SCTSR, the SCI sets the TDRE bit to 1 and starts
transmitting. If the transmit-data-empty interrupt enable bit (TIE) in the SCSCRis set to 1,
the SCI requests a transmit-data-empty interrupt (TXI) at thistime. Serial transmit datais
transmitted in the following order from the TxD pin:

Start bit: One 0 bit is output.

Transmit data: Seven or eight bits are output, LSB first.

Multiprocessor bit: One multiprocessor bit (MPBT value) is output.

Stop bit: One or two 1 bits (stop bits) are output.

. Marking: Output of 1 bits continues until the start bit of the next transmit data.

3. The SCI checks the TDRE bit when it outputs the stop bit. If TDRE is 0, the SCI loads data
from SCTDR into SCTSR, outputs the stop bit, then begins serial transmission of the next
frame. If TDRE is 1, the SCI sets the TEND bit in SCSSR to 1, outputs the stop bit, then
continues output of 1 bitsin the mark state. If the transmit-end interrupt enable bit (TEIE) in
the SCSCR is set to 1, atransmit-end interrupt (TEIl) is requested at this time.

® a0 T o
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Figure 13.11 shows SCI transmission with the multiprocessor format.

Multi- Multi-
processor processor
Start bit Stop Start bit  Stop
1 bit Data vy bit  bit Data vy  bit 1
Serial ) »
8] o [oo[ou]; o [on] 1 | o [ou[oa] [or[oa] 2 il
$ $ (mark)
state
((
TDRE j |
4
TEND T T T
I 1
TXI interrupt TXI interrupt TXI interrupt TEI interrupt
request handler writes request request
data to TDR and
clears TDRE bit
to0
1 frame -

Figure 13.11  SCI Multiprocessor Transmit Operation (Example: 8-Bit Data

with Multiprocessor Bit and One Stop Bit)

Receiving Multiprocessor Serial Data: Figure 13.12 shows a sample flowchart for
receiving multiprocessor serial data. The procedure for receiving multiprocessor serial datais:

1.
2.

ID receive cycle: Set the MPIE bit in the serial control register (SCSCR) to 1.

SCI status check and compare to 1D reception: Read the serial status register (SCSSR), check
that RDRF is set to 1, then read data from the receive data register (SCRDR) and compare with
the processor’s own ID. If the ID does not match the receive data, set MPIE to 1 again and clear
RDRF to 0. If the ID matches the receive data, clear RDRF to 0.

3. SCI status check and data receiving: Read SCSSR, check that RDRF is set to 1, then read data
from the receive dataregister (SCRDR).

4. Receive error handling and break detection: If areceive error occurs, read the ORER and FER
bitsin SCSSR to identify the error. After executing the necessary error handling, clear both
ORER and FER to 0. Receiving cannot resume if ORER or FER remain set to 1. When a
framing error occurs, the RxD pin can be read to detect the break state.

374

HITACHI




Start reception )

>

—1

Set MPIE bit in SCSCR to 1 | )

Read ORER and FER
bits in SCSSR

FER =1 or ORER = 1?

Read RDRF bitin SCSSR | (2)

Yes

Read receive data in SCRDR |

Is ID the
station’s ID?

Yes f=

Read ORER and FER
bits in SSCSR

Yes

FER =1 or ORER =17

Read RDRF bit in SCSSR 3)

No

Yes

Read receive data in SCRDR

All data received?

Clear RE bit in SCSCR to 0 |

(

End reception )

\ 4

4

( Error handling )

Figure 13.12

Sample Flowchart for Receiving Multiprocessor Serial Data
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( Error handling >

No

Yes

Overrun error handling

»l
>

Break? Yes

A4
Framing error handling Clear RE bitin SCSCR to 0

»

<
l

Clear ORER and
FER bits in SCSSR to 0

( End )

Figure 13.12 Sample Flowchart for Receiving Multiprocessor Serial Data
(cont)
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Figures 13.13 (&) and (b) show examples of SCI receive operation using a multiprocessor format.

Start Data Stop Start Data Stop
1 bt (D1) MPB bit bit (datal) MPB  pit 1
i ) )]
[0l o[oi] o |1 afofoo]oiffor o] e
ata f5 § (mark)
state

5
MPIE )

RDRF /
(C (¢

A N
e L \, o1\
e \ \

RXI interrupt request RXI interrupt ID is not station’s No RXI interrupt,
(multiprocessor interrupt),  handler reads RDR ID, so MPIE bit is RDR state
MPIE =0 data and clears setto 1 again is maintained
RDRF bit to 0

Figure 13.13 (a) Example of SCI Receive Operation: Own ID Does Not Match
Data (8-Bit Data with Multiprocessor Bit and One Stop Bit)

Start Data Stop Start Data Stop

1 bit (ID2) N MPB bit bit (Data?2) MPB bit 1

Serial ) )]
0| Dg| D D;|1 1|0 ]|Dg|D D |o|1 e
8 o [oo]oi[[or ]2 ¢ ] o [oo] o] [or 02 1o
state

(¢
MPIE

U |

RDRF ) / \ ; ,—“_L
ety B,
valde LY L/ \" 2 /| Dpaa

e [ VT

RXI interrupt RXI interrupt handler ID is that of station, MPIE bit
request reads RDR data SO reception setto 1
(multiprocessor and clears continues unchanged  again
interrupt), RDRF bit to 0 and data is received
MPIE =0 by the RXI interrupt
handler

Figure 13.13 (b) Example of SCI Receive Operation: Own ID Matches Data
(8-BitDatawithMultiprocessor Bit and One Stop Bit)
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13.3.4 Synchronous Operation

In synchronous mode, the SCI transmits and receives data in synchronization with clock pulses.
Thismode is suitable for high-speed serial communication.

The SCI transmitter and receiver are independent, so full-duplex communication is possible while
sharing the same clock. The transmitter and receiver are also double-buffered, so continuous
transmitting or receiving is possible by reading or writing data while transmitting or receiving is
in progress.

Figure 13.14 shows the genera format in synchronous serial communication.

One unit of communication data (character or frame)

< >

Serial clock T [’7

Don't Don't
care| LS MSB | care

B
Serial data Bit 0 )( Bit 1)( Bit 2 )( Bit 3 )( Bit 4 )( Bit5 )( Bit 6 )( Bit 7

Note: High except in continuous transmitting or receiving

Figure 13.14  Data Format in Synchronous Communication

In synchronous serial communication, each data bit is output on the communication line from one
falling edge of the serial clock to the next. Data is guaranteed valid at the rising edge of the serial
clock. In each character, the serial data bits are transmitted in order from the LSB (first) to the
MSB (last). After output of the MSB, the communication line remains in the state of the MSB. In
synchronous maode, the SCI transmits or receives data by synchronizing with the falling edge of
the serial clock.

Communication Format: The data length is fixed at eight bits. No parity bit or
multiprocessor bit can be added.

Clock: Aninternal clock generated by the on-chip baud rate generator or an external clock input
from the SCK pin can be selected as the SCI transmit/receive clock. The clock sourceis selected
by the C/A bit in the serial mode register (SCSMR) and bits CKE1 and CKEO in the serial
control register (SCSCR). See table 13.10.

When the SCI operates on an internal clock, it outputs the clock signal at the SCK pin. Eight
clock pulses are output per transmitted or received character. When the SCI is not transmitting or
receiving, the clock signal remainsin the high state. When only receiving, the SCI receivesin 2-
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character units, so a 16 pulse synchronization clock is output. To receive in 1-character units,
select an external clock source.

Transmitting and Receiving Data: SCI Initialization (synchronous mode). Before
transmitting, receiving, or changing the mode or communication format, the software must clear
the TE and RE hitsto 0 in the serial control register (SCSCR), then initialize the SCI. Clearing
TE to 0 sets TDRE to 1 and initializes the transmit shift register (SCTSR). Clearing RE to O,
however, does not initialize the RDRF, PER, FER, and ORER flags and receive data register
(SCRDR), which retain their previous contents.

Figure 13.15 is a sample flowchart for initializing the SCI. The procedure for initializing the SCI
is:

1. Select the clock source in the serial control register (SCSCR). Leave RIE, TIE, TEIE, MPIE,
TE and RE cleared to 0.

2. Select the communication format in the serial mode register (SCSMR).

3. Write the value corresponding to the bit rate in the bit rate register (SCBRR) unless an external
clock isused.

4. Wait for at least the interval required to transmit or receive one bit, then set TE or RE in the
seria control register (SCSCR) to 1. Also set RIE, TIE, TEIE and MPIE. Setting TE and RE
alows use of the TxD and RxD pins.
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< Initialize >
|
Clear TE and RE bits in SCSCR to 0

Set RIE, TIE, TEIE, MPIE, CKEL1,
and CKEO bits in SCSCR
(TE and RE are 0)

Set transmit/receive format in SCSMR

Set value in SCBRR

Wait

1)

)

®)

Has a 1-bit
period elapsed?

No

Set TE and RE bits in SCSCR to 1
and set RIE, TIE, TEIE, and MPIE bits

O

(4)
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Figure 13.15 Sample Flowchart for SCI
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Transmitting Serial Data (Synchronous Mode): Figure 13.16 shows a sample flowchart
for transmitting serial data. The procedure for transmitting serial datais:

1. SCI status check and transmit data write: Read the serial status register (SCSSR), check that
the TDRE bit is 1, then write transmit data in the transmit data register (SCTDR) and clear
TDRE t00.

2. To continue transmitting serial data: Read the TDRE bit to check whether it is safe to write (if
it reads 1); if so, write datain SCTDR, then clear TDRE to O.

( Start transmission >
le
<
Read TDRE bit in SCSSR (1)
No
Yes

Write transmit data to SCTDR
and clear TDRE bit in SCSSR to 0

All data transmitted?

@

<
=

Read TEND bit in SCSSR

No

Yes
Clear TE bitin SCSCRto 0

< End transmission >

Figure 13.16  Sample Flowchart for Serial Transmitting
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In transmitting serial data, the SCI operates as follows:

1.

The SCI monitors the TDRE bit in SCSSR. When TDRE is cleared to 0 the SCI recognizes
that the transmit data register (SCTDR) contains new data and loads this data from SCTDR
into the transmit shift register (SCTSR).

After loading the data from SCTDR into SCTSR, the SCI sets the TDRE hit to 1 and starts
transmitting. If the transmit-data-empty interrupt enable bit (TIE) in SCSCRis set to 1, the
SCI requests a transmit-data-empty interrupt (TX1) at thistime.

If clock output mode is selected, the SCI outputs eight synchronous clock pulses. If an external
clock sourceis selected, the SCI outputs data in synchronization with the input clock. Datais
output from the TxD pin in order from the LSB (bit 0) to the MSB (bit 7).

The SCI checks the TDRE bit when it outputs the MSB (bit 7). If TDRE is 0, the SCI loads
data from SCTDR into SCTSR, then begins seria transmission of the next frame. If TDRE is
1, the SCI sets the TEND bit in SCSSR to 1, transmits the MSB, then holds the transmit data
pin (TxD) in the MSB state. If the transmit-end interrupt enable bit (TEIE) in the SCSCR is
set to 1, atransmit-end interrupt (TEIl) is requested at thistime.

4. After the end of seria transmission, the SCK pinis held in the high state.
Figure 13.17 shows an example of SCI transmit operation.
Transfer direction
Serial clock
LSB . MSB .
. . . 7 . . . 7 N .
Serial data Bit 0 X Bit1 X ; X Bit 7 ) Bit0 X Bit 1 X . X Bit 6 X Bit 7
)
TDRE .
A A 7 A
TEND (¢ « I_
U "7 *
TXI interrupt TXI interrupt TXI interrupt TEI interrupt
request handler writes request request
data to TDR
and clears TDRE
bit to 0
h 1 frame 7
Figure 13.17 Example of SCI Transmit Operation
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Receiving Serial Data (Synchronous Mode): Figure 13.18 shows a sample flowchart for
receiving serial data. When switching from asynchronous mode to synchronous mode, make sure
that ORER, PER, and FER are cleared to O. If PER or FER is set to 1, the RDRF bit will not be
set and both transmitting and receiving will be disabled.

The procedure for receiving serial datais:

1. Receive error handling and break detection: If areceive error occurs, read the ORER bit in
SCSSR to identify the error. After executing the necessary error handling, clear ORER to O.
Transmitting/receiving cannot resume if ORER remains set to 1.

2. SCI status check and receive dataread: Read the serial status register (SCSSR), check that
RDRF is set to 1, then read receive data from the receive data register (SCRDR) and clear
RDRF to 0. The RXI interrupt can aso be used to determine if the RDRF bit has changed
fromO0to 1.

3. To continue receiving serial data: Read SCRDR, and clear RDRF to O before the MSB (bit 7)
of the current frame is received.
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< Start reception >

>

71

Read ORER bit in SCSSR

Yes
ORER =1?
No
Read RDRF bit in SCSSR v

No

Yes

Read receive data in SCRDR and
clear RDRF bitin SCSSRto 0

All data received?

Clear RE bitin SCSCRto 0
[

< End reception >

®)

No

1)

< Error handling >

Yes

Overrun error handling

>

|

Clear ORER bitin SCSSR to 0

C

End

)
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In receiving, the SCI operates as follows:

1. The SCI synchronizes with serial clock input or output and initializes internally.

2. Receive datais shifted into SCRSR in order from the LSB to the MSB. After receiving the
data, the SCI checks that RDRF is 0 so that receive data can be loaded from SCRSR into
SCRDR. If this check is passed, the SCI sets RDRF to 1 and stores the received datain
SCRDR. If the check is not passed (receive error), the SCI operates asindicated in table 13.12.
This state prevents further transmission or reception. While receiving, the RDRF bit is not set
to 1. Be sureto clear the error flag.

3. After setting RDRF to 1, if the receive-data-full interrupt enable bit (RIE) issetto 1in
SCSCR, the SCI requests a receive-data-full interrupt (RX1). If the ORER bit is set to 1 and
the receive-data-full interrupt enable bit (RIE) in SCSCR is aso set to 1, the SCI requests a
receive-error interrupt (ERI).

Figure 13.19 shows an example of the SCI receive operation.

Transfer direction
‘—

Sggf‘a':XBinXBitonf X Bit7 X Bito X Bit1 X i’XBitGXBit?
7 )’

(¢

W
RDRF |

((

ORER // “ ” \ « I_

(
7 \ )’ ?

RXI interrupt | RXI interrupt handler | RXI interrupt ERI interrupt
request reads data and request request generated
clears RDRF by overrun error
bit to 0
D 1 frame

Figure 13.19 Example of SCI Receive Operation
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Transmitting and Receiving Serial Data Simultaneously (Synchronous Mode):
Figure 13.20 shows a sample flowchart for transmitting and receiving serial data simultaneously.
The procedure for setting the SCI to transmit and receive serial data simultaneously is:

1. SCI status check and transmit data write: Read the serial status register (SCSSR), check that
the TDRE bit is 1, then write transmit data in the transmit data register (SCTDR) and clear
TDRE to 0. The TXI interrupt can aso be used to determine if the TDRE bit has changed from
Oto 1.

2. Receive error handling: If areceive error occurs, read the ORER bit in SCSSR to identify the
error. After executing the necessary error handling, clear ORER to 0. Transmitting/receiving
cannot resume if ORER remains set to 1.

3. SCI status check and receive dataread: Read the serial status register (SCSSR), check that
RDRF is set to 1, then read receive data from the receive data register (SCRDR) and clear
RDREF to 0. The RXI interrupt can aso be used to determine if the RDRF bit has changed
fromOto 1.

4. To continue transmitting and receiving seria data: Read the RDRF bit and SCRDR, and clear
RDREF to 0 before the MSB (bit 7) of the current frame is received. Also read the TDRE bit to
check whether it is safe to write (if it reads 1); if so, write datain SCTDR, then clear TDRE to
0 before the MSB (bit 7) of the current frame is transmitted.
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Note:

< Start transmission/reception >

»

No

1

Read TDRE bit in SCSSR

Yes

Write transmission data to SCTDR
and clear TDRE bit in SCSSR to 0

»)

No

No

71

Read ORER bit in SCSSR

@)

Yes

ORER =17?

No

Read RDRF bit in SCSSR

Yes

Read receive data of SCRDR
and clear RDRF bitin SCSSR to 0

All data
transmitted/received?

Clear TE and RE bits
in SCSCRto 0
I

< End transmission/reception >

| 2)

( Error handling >

®)

(4)

When switching from transmitting or receiving to simultaneous transmitting
and receiving, simultaneously clear TE and RE to 0, then simultaneously
set TE and RE to 1.

Figure 13.20
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13.4 SCI Interrupt Sources

The SCI has four interrupt sourcesin each channel: transmit-end (TEI), receive-error (ERI), receive-
data-full (RX1), and transmit-data-empty (TX1). Table 13.13 lists the interrupt sources and indicates
their priority. These interrupts can be enabled and disabled by the TIE, RIE, and TEIE bitsin the

serial control register (SCSCR). Each interrupt request is sent separately to the interrupt controller.

TXI is requested when the TDRE bit in SCSSR is set to 1. TDRE is automatically cleared to 0
when datais written in the transmit dataregister (SCTDR).

RXI is requested when the RDRF bit in SCSSR is set to 1. RDRF is automatically cleared to O
when the receive data register (SCRDR) isread.

ERI is requested when the ORER, PER, or FER bit in SCSSR is set to 1.

TEI is requested when the TEND bit in SCSSR is set to 1. Where the TXI interrupt indicates that
transmit data writing is enabled, the TEI interrupt indicates that the transmit operation is complete.

Table 13.13 SCI Interrupt Sources

Interrupt Source Description Priority When Reset Is
Cleared

ERI Receive error (ORER, PER, or FER) High

RXI Receive data full (RDRF)

TXI Transmit data empty (TDRE) !

TEI Transmit end (TEND) Low

See section 4, Exception Handling, for information on the priority order and relationship to non-
SCI interrupts.

13.5 Usage Notes
Note the following points when using the SCI.

SCTDR Write and TDRE Flags: The TDRE bit in the serial status register (SCSSR) is a
status flag indicating loading of transmit data from SCTDR into SCTSR. The SCI sets TDRE to
1 when it transfers data from SCTDR to SCTSR. Data can be written to SCTDR regardless of the
TDRE bit status. If new dataiswritten in SCTDR when TDRE is 0, however, the old data stored
in SCTDR will be lost because the data has not yet been transferred to SCTSR. Before writing
transmit data to SCTDR, be sure to check that TDRE is set to 1.

Simultaneous Multiple Receive Errors: Table 13.14 shows the state of the SCSSR
status flags when multiple receive errors occur simultaneously. When an overrun error occurs, the
SCRSR contents cannot be transferred to SCRDR, so receive datais |ost.
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Table 13.14 SCSSR Status Flags and Transfer of Receive Data

SCSSR Status Flags Receive Data

Transfer
Receive Error Status RDRF ORER FER PER SCRSR - SCRDR
Overrun error 1 1 0 0 X
Framing error 0 0 1 0 (0]
Parity error 0 0 0 1 (0]
Overrun error + framing error 1 1 1 0 X
Overrun error + parity error 1 1 0 1 X
Framing error + parity error 0 0 1 1 o
Overrun error + framing error + parity error 1 1 1 1 X

O: Receive data is transferred from SCRSR to SCRDR.
X: Receive data is not transferred from SCRSR to SCRDR.

Break Detection and Processing: Break signals can be detected by reading the RxD pin
directly when aframing error (FER) is detected. In the break state, the input from the RxD pin
consists of al 0s, so FER is set and the parity error flag (PER) may also be set. In the break state,
the SCI receiver continues to operate, so if the FER bit is cleared to O, it will be set to 1 again.

Sending a Break Signal: The input/output direction and level of the TxD pin can be set using
the SPBOIO and SPBODT hitsin the serial port register (SCSPTR). Use these bits to send breaks.
After initialization, the pin will not function as a TxD pin until the TE bit is set to 1 (enabling
transmission). Through this period, the value of the SPBODT bit substitutes for the mark state.
For this reason, the SPBOIO and SPBODT bits are initially set to 1 (output, high level). To send a
break during serial transmission, clear the SPBODT bit to O (low level), then clear TE to O (halting
transmission). When the TE hit is cleared to 0, the transmitter is initialized without regard to the
current transmission status, and O is output from the TxD pin.

Receive Error Flags and Transmitter Operation (Synchronous Mode Only): When
areceive error flag (ORER, PER, or FER) is set to 1, the SCI will not start transmitting even if
TDRE isset to 1. Be sure to clear the receive error flags to O before starting to transmit. Note that
clearing RE to 0 does not clear the receive error flags.

Receive Data Sampling Timing and Receive Margin in Asynchronous Mode: In
asynchronous mode, the SCI operates on a base clock of 16 timesthe transfer rate frequency. In
receiving, the SCI synchronizes internally with the falling edge of the start bit, which it samples
on the base clock. Receive datais latched on the rising edge of the eighth base clock pulse (figure
13.21).
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Figure 13.21 Receive Data Sampling Timing in Asynchronous Mode
The receive margin in the asynchronous mode can therefore be expressed as shown in equation 1.

Equation 1:

1 D -0.5|
M=[05- =—|-(L-05)F - =——=21(1 + F)| x 100%
‘( 2N) (L-08) N (LT )| x100%

Where:

M = Receive margin (%)

N = Ratio of clock frequency to bit rate (N = 16)
D = Clock duty cycle (D = 0-1.0)

L = Framelength (L = 9-12)

F = Absolute deviation of clock frequency

From equation (1), if F = 0and D = 0.5, the receive margin is 46.875%, as shown in equation 2.
Equation 2:

M =(0.5-1/(2 x 16)) x 100%
= 46.875%

Thisis atheoretical value. A reasonable margin to alow in system designs is 20-30%.
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Cautions on Use of Clock Synchronous External Clock Mode:

e Set TE = RE =1 only when the external clock SCK is 1.
« Donot set TE =RE =1 until at least four peripheral operating clock cycles after the external
clock SCK has changed from O to 1.

*  When receiving, RDRF is 1 when RE is set to zero 2.5-3.5 peripheral operating clock cycles
after the rising edge of the RxD D7 bit SCK input, but it cannot be copied to SCRDR.

Caution on Use of Clock Synchronous Internal Clock Mode: When receiving,
RDRF is1 when RE is set to zero 1.5 peripheral operating clock cycles after the rising edge of the
RxD D7 bit SCK output, but it cannot be copied to SCRDR.
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14.1

As an added serial communications interface function, the SCI supports an IC card (smart

Section 14 Smart Card Interface

Overview

card) interface that conforms to the ISO/IEC standard 7816-3 for identification of cards.

Register settings are used to switch between the ordinary serial communication interface and

the smart card interface.

14.1.1

Features

The smart card interface has the following features:

e Asynchronous mode

U
g
U
g
U

Data length: Eight bits

Parity bit generation and check

Receive mode error signal detection (parity error)

Transmit mode error signal detection and automatic re-transmission of data
Supports both direct convention and inverse convention

« Bit rate can be selected using on-chip baud rate generator.

e Three types of interrupts: Transmit-data-empty, receive-data-full, and communication-error

interrupts are requested independently.

HITACHI
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14.1.2 Block Diagram

Figure 14.1 shows a block diagram of the smart card interface.

|
I
|
! [0}
| g
| @ Internal
i Module data bus £ L data bus
! S
| @
! L1 |
i | SCRDR | | SCTDR | SCSCMR [ SCBRR !
i SCSSR !
! SCSCR i
|
! SCSMR Baud rate «——Po
[ enerator
RxD—»{ | SCRSR || | SCTSR SCSPTR| | 9 <« Pgl4
A Transmit/ I Pw16
: receive ‘ I o
D <. control «—— P@64
XD <+
| Parity generation | * 4 Clock 4 i
I .
Parity check !
- ! Y External clock |
SCK = | !
| Ly TXI
! » RXI
i > ERI
T T o I — -

SCSCMR: Smart card mode register
SCRSR: Receive data register
SCRDR: Receive data register
SCTSR: Transmit shift register
SCTDR: Transmit data register
SCSMR: Serial mode register
SCSCR: Serial control register
SCSSR: Serial status register
SCBRR: Bit rate register

SCSPTR: Serial port register

Figure 14.1 Smart Card Interface Block Diagram
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14.1.3 Pin Configuration

Table 14.1 summarizes the smart card interface pins.

Table 14.1 SCI Pins

Pin Name Abbreviationlnput/Output Function

Serial clock pin SCK Output Clock output
Receive data pin RxD Input Receive data input
Transmit data pin TxD Output Transmit data output

14.1.4 Register Configuration

Table 14.2 summarizes the registers used by the smart card interface. The SCSMR, SCBRR,
SCSCR, SCTDR, and SCRDR registers are the same as in the ordinary SCI function. They
are described in section 13, Serial Communication Interface.

Table 14.2 Registers

Name AbbreviationR/W Initial Address Access Size
Value*?
Serial mode register SCSMR R/W H'00 HFFFFFEBO 8
Bit rate register SCBRR R/W HFF HFFFFFE82 8
Serial control register SCSCR R/W H'00 HFFFFFE84 8
Transmit data register SCTDR RW H'FF HFFFFFE86 8
Serial status register SCSSR R/(W)* H'84 HFFFFFE88 8
Receive data register SCRDR R H'00 HFFFFFEBA 8
Smart card mode register SCSCMR R/W *2 HFFFFFESC 8

Notes: 1. Only O can be written, to clear the flags.
2. Bits 0, 2, and 3 are cleared. The value of the other bits is undefined.
3. Initialized by a power-on or manual reset.

14.2  Register Descriptions

This section describes the registers added for the smart card interface and the bits whose
functions are changed.
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14.2.1 Smart Card Mode Register (SCSCMR)

The smart card mode register (SCSCMR) is an 8-bit read/write register that selects smart
card interface functions. SCSMR bits 0, 2, and 3 are initialized to 0 by a reset and in standby
mode.

Bit: 7 6 5 4 3 2 1 0
Bit name: — — — — SDIR SINV — SMIF
Initial value: — — — — 0 0 — 0
R/W: R R R R R/W R/W R R/W

Bits 7 to 4 and 1—Reserved: An undefined value will be returned if these bits are read.

Bit 3—Smart Card Data Transfer Direction (SDIR): Selects the serial/parallel conversion
format.

Bit 3: SDIR Description

0 Contents of SCTDR are transferred LSB first, receive data is stored in
SCRDR LSB first. (Initial
value)

1 Contents of SCTDR are transferred MSB first, receive data is stored in

SCRDR MSB first.

Bit 2—Smart Card Data Inversion (SINV): Specifies whether to invert the logic level of the
data. This function is used in combination with bit 3 for transmitting and receiving with an
inverse convention card. SINV does not affect the logic level of the parity bit. See section
14.3.4, Register Settings, for information on how parity is set.

Bit 2: SINV Description

0 Contents of SCTDR are transferred unchanged, receive data is stored in
SCRDR unchanged. (Initial value)

1 Contents of SCTDR are inverted before transfer, receive data is inverted
before storage in SCRDR.

Bit 0—Smart Card Interface Mode Select (SMIF): Enables the smart card interface function.

Bit 0 : SMIF Description

0 Smart card interface function disabled (Initial value)
1 Smart card interface function enabled
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14.2.2 Serial Status Register (SCSSR)

In the smart card interface mode, the function of SCSSR bit 4 is changed. The setting
conditions for bit 2, the TEND bit, are also changed.

Bit: 7 6 5 4 3 2 1 0
Bit name: TDRE RDRF ORER FER/ERS PER TEND MPB MPBT
Initial value: 1 0 0 0 0 1 0 0
RIW: R/(W)* RI(W)* RI(W)* R/(W)* R/(W)* R R R/W

Note: Only 0 can be written, to clear the flag.

Bits 7 to 5: These bits have the same function as in the ordinary SCI. See section 13, Serial
Communication Interface, for more information.

Bit 4—Error Signal Status (ERS): In the smart card interface mode, bit 4 indicates the status
of the error signal returned from the receiving side during transmission. The smart card
interface cannot detect framing errors.

Bit 4: ERS Description

0 Receiving ended normally with no error signal. (Initial value)

ERS is cleared to 0 when the chip is reset or enters standby mode, or when
software reads ERS after it has been set to 1, then writes 0 in ERS.

1 An error signal indicating a parity error was transmitted from the receiving side.
ERS is set to 1 if the error signal sampled is low.

Note: The ERS flag maintains its status even when the TE bit in SCSCR is cleared to 0.
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Bits 3 to 0: These bits have the same function as in the ordinary SCI. See section 13, Serial
Communication Interface, for more information. The setting conditions for bit 2, the transmit
end bit (TEND), are changed as follows.

Bit 2: TEND Description

0 Transmission is in progress.

TEND is cleared to 0 when software reads TDRE after it has been set to 1, then
writes 0 in TDRE, or when data is written in SCTDR.

1 End of transmission. (Initial value)

TEND is set to 1 when:

« the chip is reset or enters standby mode,

* the TE bit in SCSCR is 0 and the FER/ERS bit is also 0,

« the C/A bitin SCSMRis 0, and TDRE = 1 and FER/ERS = 0 (normal
transmission) 2.5 etu after a one-byte serial character is transmitted, or

+ the C/A bitin SCSMRis 1, and TDRE = 1 and FER/ERS = 0 (normal
transmission) 1.0 etu after a one-byte serial character is transmitted.

Note: etu is an abbreviation of elementary time unit, which is the period for the transfer of 1 bit.

14.3  Operation

14.3.1 Overview
The primary functions of the smart card interface are described below.

1. Each frame consists of 8 data bits and 1 parity bit.

During transmission, the card leaves a guard time of at least 2 etu (elementary time units:

the period for 1 bit to transfer) from the end of the parity bit to the start of the next frame.

2. During reception, the card outputs an error signal low level for 1 etu after 10.5 etu has
elapsed from the start bit if a parity error was detected.

4. During transmission, it automatically transmits the same data after allowing at least 2 etu
from the time the error signal is sampled.

5. The specification complies with ISO/ICE7816-3, but the only type of data transmission
protocol supported is protocol type T = 0 : asynchronous double-character transmission
protocol.

N
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14.3.2 Pin Connections

Figure 14.2 shows the pin connection diagram for the smart card interface. During
communication with an IC card, transmission and reception are both carried out over the
same data transfer line, so connect the TxD and RxD pins on the chip. Pull up the data
transfer line to the power supplyc¢ side with a resistor.

When using the clock generated by the smart card interface on an IC card, input the SCK pin
output to the IC card’s CLK pin. This connection is not necessary when the internal clock is
used on the IC card.

Use the chip’s port output as the reset signal. Apart from these pins, the power and ground pin
connections are usually also required.

Note: When the IC card is not connected and both RE and TE are set to 1, closed
communication is possible and auto-diagnosis can be performed.

Vee
D
® 10
Data line
RxD
SCK Clock line
CLK
Px (port Reset line
LS| (por) RST
Connected device IC card

Figure 14.2 Pin Connection Diagram for the Smart Card Interface
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14.3.3 Data Format

Figure 14.3 shows the data format for the smart card interface. In this mode, parity is checked
every frame while receiving and error signals sent to the transmitting side whenever an error
is detected so that data can be re-transmitted. During transmission, error signals are sampled
and data re-transmitted whenever an error signal is detected.

With no parity error

Ds | DO| D1 | D2 | D3| D4 | D5 | D6 | D7 | Dp

Transmitting station output

A
A 4

With parity error

Ds | DO| D1 | D2 | D3| D4 | D5 | D6 | D7 | Dp DE

Transmitting station output

< »
Bl | o

A
A 4

Receiving
station output
Ds: Start bit
D0-D7: Data bits
Dp: Parity bit

DE: Error signal

Figure 14.3 Data Format for Smart Card Interface
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The operating sequence is:

1. The data line is high impedance when not in use and is fixed high with a pull-up resistor.
2. The transmitting side starts one frame of data transmission. The data frame starts with a
start bit (Ds, low level). The start bit is followed by eight data bits (DO-D7) and a parity

bit (Dp).

3. On the smart card interface, the data line returns to high impedance after this. The data
line is pulled high with a pull-up resistor.

4. The receiving side checks parity. When the data is received normally with no parity
errors, the receiving side then waits to receive the next data. When a parity error occurs,
the receiving side outputs an error signal (DE, low level) and requests re-transfer of data.
The receiving station returns the signal line to high impedance after outputting the error
signal for a specified period. The signal line is pulled high with a pull-up resistor.

5. The transmitting side transmits the next frame of data unless it receives an error signal. If
it does receive an error signal, it returns to step 2 to re-transmit the erroneous data.

14.3.4 Register Settings

Table 14.3 shows the bit map of the registers that the smart card interface uses. Bits shown as
1 or 0 must be set to the indicated value. The settings for the other bits are described below.

Table 14.3 Register Settings for the Smart Card Interface

Registe Address Bit 7 Bit6 Bit5 Bit4 Bit3 Bit2 Bitl BitO

r

SCSMR HFFFFFES0 C/A 0 1 O/E 1 0 CKS1 CKSO

SCBRR HFFFFFES2 BRR7 BRR6 BRR5 BRR4 BRR3 BRR2 BRR1 BRRO

SCSCR HFFFFFE84  TIE RIE TE RE 0 0 CKE1 CKEO

SCTDR HFFFFFES6 TDR7 TDR6 TDR5 TDR4 TDR3 TDR2 TDR1  TDRO

SCSSR HFFFFFE88 TDRE RDRF ORER FER/ PER TEND O 0
ERS

SCRDR HFFFFFESBA RDR7 RDR6 RDR5 RDR4 RDR3 RDR2 RDR1 RDRO

SCSCMR  HFFFFFESC — — — — SDIR SINV — SMIF

Note: Dashes indicate unused bits.
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1. Setting the serial mode register (SCSMR): Set tHe li/to 0 when the IC card uses the
direct convention or to 1 when it uses the inverse convention. Select the on-chip baud rate
generator clock source with the CKS1 and CKSO bits (see section 14.3.5, Clock). When
bit 7 (C/A) of the serial mode register (SCSMR) is set to 1 (default value : 1), bit 2
(TEND) of the serial status register (SCSSR) is simply set to 1 (TXI interrupt request) 1
etu (default value : 2.5 etu) after transmission of a 1-byte character, and 11 etu continuous
transmission (block transfer protocol) cannot be performed.

2. Setting the bit rate register (SCBRR): Set the bit rate. See section 14.3.5, Clock, to see
how to calculate the set value.

3. Setting the serial control register (SCSCR): The TIE, RIE, TE and RE bits function as
they do for the ordinary SCI. See section 13, Serial Communication Interface, for more
information. The CKEO bit specifies the clock output. When no clock is output, set O;
when a clock is output, set 1.

4. Setting the smart card mode register (SCSCMR): The SDIR and SINV bits are both set to
0 for IC cards that use the direct convention and both to 1 when the inverse convention is
used. The SMIF bit is set to 1 for the smart card interface.

Figure 14.4 shows sample waveforms for register settings of the two types of IC cards (direct
convention and inverse convention) and their start characters.

In the direct convention type, the logical 1 level is state Z, the logical O level is state A, and
communication is LSB first. The start character data is H'3B. The parity bit is even (from the
smart card standards), and thus a 1.

In the inverse convention type, the logical 1 level is state A, the logical O level is state Z,
and communication is MSB first. The start character data is H'3F. The parity bit is even (from
the smart card standards), and thus a 0, which corresponds to state Z.

Only data bits D7-DO0 are inverted by the SINV bit. To invert the parity bit, set i®iOih
SCSMR to odd parity mode. This applies to both transmission and reception.
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2 A Z 4 A z V4 Z A A Z (2) State
Ds DO D1 | D2 D3 D4 D5 | D6 D7 | Dp
a. Direct convention (SDIR, SINV, and O/E are all 0)
2 A Z 4 A A A A A A Z (2) State
Ds D7 D6 | D5 D4 D3 D2 D1 DO | Dp
b. Inverse convention (SDIR, SINV, and O/E are all 1)
Figure 14.4 Waveform of Start Character
14.3.5 Clock

Only the internal clock generated by the on-chip baud rate generator can be used as the
communication clock in the smart card interface. The bit rate for the clock is set by the bit
rate register (SCBRR) and the CKS1 and CKSO bits in the serial mode register (SCSMR),
and is calculated using the equation below. Table 14.5 shows sample bit rates. If clock output

is then selected by setting CKEO to 1, a clock with a frequency 372 times the bit rate is
output from the SCKO pin.

Py

B =
1488 x 2271 x (N + 1)

Where:

X

06

N = Value set in SCBRR (8 N < 255)

B = Bit rate (bit/s)
Po = Peripheral module operating frequency (MHz)*

n = 0-3 (table 14.4)
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Table 14.4 Relationship of n to CKS1 and CKSO

n CKS1 CKSO
0 0 0
1 0 1
2 1 0
3 1 1

Table 14.5 Examples of Bit Rate B (Bit/s) for SCBRR Settings (n = 0)

PO (MHz)
N 7.1424 10.00  10.7136 13.00  14.2848 16.00  18.00
0 9600.0  13440.9  14400.0 17473.1  19200.0 215054 241935
1 4800.0 67204 72000 87366  9600.0  10752.7  12096.8
2 3200.0  4480.3  4800.0  5824.4  6400.0 71685  8064.5

Note: The bit rate is rounded to two decimal places.

Calculate the value to be set in the bit rate register (SCBRR) from the operating frequency
and the bit rate. N is an integer in the range 9 < 255, specifying a smallish error.

- Po q08-1
1488 x 22-1 x B

Table 14.6 Examples of SCBRR Settings for Bit Rate B (Bit/s) (n = 0)

¢ (MHz) (9600 Bits/s)
7.1424 10.00 10.7136 13.00 14.2848 16.00 18.00
N Error N Error N Error N Error N Error N Error N Error

0 0.00 1 3000 1 25.00 1 8.99 1 0.00 1 1201 2 1599
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Table 14.7 Maximum Bit Rates for Frequencies (Smart Card Interface Mode)

P (MHz) Maximum Bit Rate (Bit/s) N n
7.1424 9600 0 0
10.00 13441 0 0
10.7136 14400 0 0
13.00 17473 0 0
14.2848 19200 0 0
16.00 21505 0 0
18.00 24194 0 0

The bit rate error is found as follows:

Error(%) = ( Pp x 106 — 1) x 100
1488 x 221 x B x (N + 1)

Table 14.8 shows the relationship between transmit/receive clock register set values and
output states on the smart card interface.

Table 14.8 Register Set Values and SCK Pin

Register Value SCK Pin
Setting SMIF C/A CKE1 CKEO Output State
1*1 1 0 0 0 Port Determined by setting of port
register SPB110 and SPB1DT
bits
1 0 0 1 UL SCK (serial clock) output state
2#2 1 1 0 0 Low output Low output state
1 1 0 1 UL SCK (serial clock) output state
3%2 1 1 1 0 High output  High output state
1 1 1 1 UL SCK (serial clock) output state

Notes: 1. The SCK output state changes as soon as the CKEQO bit is modified. The CKE1 bit
should be cleared to 0.

2. The clock duty remains constant despite stopping and starting of the clock by
modification of the CKEO bit.
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14.3.6 Data Transmission and Reception

Initialization: Initialize the SCI using the following procedure before sending or receiving
data. Initialization is also required for switching from transmit mode to receive mode or from
receive mode to transmit mode. Figure 14.5 shows a flowchart of the initialization process.

1
2.
3.

Clear TE and RE in the serial control register (SCSCR) to 0.

Clear error flags FER/ERS, PER, and ORER to 0 in the serial status register (SCSSR).
Set the CX bit, parity bit (OFE bit), and baud rate generator select bits (CKS1 and CKS0
bits) in the serial mode register (SCSMR). At this time also clear the CHR and MP bits to
0 and set the STOP and PE bits to 1.

Set the SMIF, SDIR, and SINV bits in the smart card mode register (SCSCMR). When
the SMIF bit is set to 1, the TxD and RxD pins both switch from ports to SCI pins and
become high impedance.

Set the value corresponding to the bit rate in the bit rate register (SCBRR).

Set the clock source select bits (CKE1 and CKEO bits) in the serial control register
(SCSCR). Clear the TIE, RIE, TE, RE, MPIE, and TEIE bits to 0. When the CKEO bit is
set to 1, a clock is output from the SCKO pin.

After waiting at least 1 bit, set the TIE, RIE, TE, and RE bits in SCSCR. Do not set the
TE and RE bits simultaneously unless performing auto-diagnosis.
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< Initialize >
I
Clear TE and RE bits in SCSCRto 0 | (1)

|
Clear SCSSR’s FER/ERS,
PER and ORER flags to 0
I
Set SCSCMR’s O/E bit to parity

and set CKS1 and CKSO bits to 3)
the clock

Set SCSCMR's SMIF, SDIR, 4)
and SINV bits

I
Set value in SCBRR (5)
I
Set SCSCR’s CKE1 and CKEO bits

to the clock and clear TIE, RIE, (6)
TE, RE, MPIE, and TEIE bitsto 0

)

Wait

A

Has a 1-bit
interval elapsed?

No

Set SCSCR’s
TIE, RIE, TE, and RE bits )

( = )

Figure 14.5 Initialization Flowchart (Example)
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Serial Data Transmission: The handling procedures in the smart card mode differ from
ordinary SCI processing because data is retransmitted when an error signal is sampled during
a data transmission. This results in the transmission processing flowchart shown in figure 14.6.

Initialize the smart card interface mode as described in initialization above.
Check that the FER/ERS bit in SCSSR is cleared to 0.
Repeat steps 2 and 3 until the TEND flag in SCSSR is set to 1.

Write the transmit data into SCTDR, clear the TDRE flag to 0 and start transmitting. The
TEND flag will be cleared to 0.

5. To transmit more data, return to step 2.
6. To end transmission, clear the TE bit to 0.

> w NP

This processing can be interrupted. When the TIE bit is set to 1 and interrupt requests are
enabled, a transmit-data-empty interrupt (TXI) will be requested when the TEND flag is set to
1 at the end of the transmission. When the RIE bit is set to 1 and interrupt requests are
enabled, a communication error interrupt (ERI) will be requested when the ERS flag is set to
1 when an error occurs in transmission. See Interrupt Operation below for more information.
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Initialize 1)
|

< Start transmission >

;l
Lt

(2
No

FER/ERS = 0?

A4

C )
S Error handling

A

No
3)

Yes

Write transmit data in SCTDR
and clear TDRE 4)
flag in SCSSR to 0

All data transmitted?

®)

No

Yes Y
< ( Error handling >

Yes

Clear TE bitin SCSCR to 0 (6)

< End transmission >

Figure 14.6 Transmission Flowchart
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Serial Data Reception:The handling procedures in the smart card mode are the same as in
ordinary SCI processing. The reception processing flowchart is shown in figure 14.7.

1

o 0k~ w

Initialize the smart card interface mode as described above in Initialization and in figure
14.5.

Check that the ORER and PER flags in SCSSR are cleared to 0. If either flag is set, clear
both to 0 after performing the appropriate error handling procedures.

Repeat steps 2 and 3 until the RDRF flag is set to 1.

Read the receive data from SCRDR.

To receive more data, clear the RDRF flag to O and return to step 2.
To end reception, clear the RE bit to 0.

This processing can be interrupted. When the RIE bit is set to 1 and interrupt requests are
enabled, a receive-data-full interrupt (RXI) will be requested when the RDRF flag is set to 1
at the end of the reception. When an error occurs during reception and either the ORER or
PER flag is set to 1, a communication error interrupt (ERI) will be requested. See Interrupt
Operation, below, for more information.

The received data will be transferred to SCRDR even when a parity error occurs during
reception and PER is set to 1, so this data can still be read.
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Initialize @)

|
( Start reception >

]

2

ORER = 0 and PER = 07 —N°
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Yes

Write receive data from
SCRDR and clear 4
RDRF flag in SCSSR to 0

All data received?

©)

Clear RE bitin SCSCR to 0 (6)

( End reception >

Figure 14.7 Reception Flowchart (Example)
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Switching Modes: When switching from receive mode to transmit mode, check that the
receive operation is completed before starting initialization and setting RE to 0 and TE to 1.
The RDRF, PER, and ORER flags can be used to check if reception is completed. When
switching from transmit mode to receive mode, check that the transmit operation is
completed before starting initialization and setting TE to 0 and RE to 1. The TEND flag can
be used to check if transmission is completed.

Interrupt Operation: In the smart card interface mode, there are three types of interrupts:
transmit-data-empty (TXI), communication error (ERI) and receive-data-full (RXI). In this
mode, the transmit-end interrupt (TEI) cannot be requested.

Set the TEND flag in SCSSR to 1 to request a TXI interrupt. Set the RDRF flag in SCSSR to
1 to request an RXI interrupt. Set the ORER, PER, or FER/ERS flag in SCSSR to 1 to request
an ERI interrupt (table 14.9).

Table 14.9 Smart Card Mode Operating Status and Interrupt Sources

Mode Status Flag Mask Bit Interrupt
Source
Transmit mode Normal TEND TIE TXI
Error FER/ERS RIE ERI
Receive mode Normal RDRF RIE RXI
Error PER, RIE ERI
ORER

14.4  Usage Notes

When the SCI is used as a smart card interface, be sure that all criteria in sections 14.4.1 and
14.4.2 are applied.

14.4.1 Receive Data Timing and Receive Margin in Asynchronous Mode

In asynchronous mode, the SCI runs on a basic clock with a frequency of 372 times the
transfer rate. During reception, the SCI samples the fall of the start bit using the base clock to
achieve internal synchronization. Receive data is latched internally on the rising edge of the
186th basic clock cycle (figure 14.8).
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372 clock cycles
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Synchro-
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sampling Jt———— % 6§
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Data
sampling “
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Figure 14.8 Receive Data Sampling Timing in Smart Card Mode
The receive margin is found from the following equation:
For smart card mode:

|D—0.5|
N

M= (o.5—%)-(L-o.5)F— (1 +F)| x 100%

Where:

M = Receive margin (%)

N = Ratio of bit rate to clock (N = 372)

D = Clock duty (D = 0 to 1.0)

L = Frame length (L = 10)

F = Absolute value of clock frequency deviation

Using this equation, the receive margin when F = 0 and D = 0.5 is as follows:

M = (0.5 - 1/2 x 372) x 100% = 49.866%
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14.4.2 Retransmission (Receive and Transmit Modes)

Retransmission by the SCI in Receive ModeFigure 14.9 shows the retransmission
operation in the SCI receive mode.

1. When the received parity bit is checked and an error is found, the PER bit in SCSSR is
automatically set to 1. If the RIE bit in SCSCR is enabled at this time, an ERI interrupt is
requested. Be sure to clear the PER bit before the next parity bit is sampled.

2. The RDRF bit in SCSSR is not set in the frame that caused the error.

3. When the received parity bit is checked and no error is found, the PER bit in SCSSR is
not set.

4. When the received parity bit is checked and no error is found, reception is considered to
have been completed normally and the RDRF bit in SCSSR is automatically set to 1. If
the RIE bit in SCSCR is enabled at this time, an RXI interrupt is requested.

5. When a normal frame is received, the pin maintains a three-state status when it transmits
the error signal.

‘ nth transfer frame ‘ Retransmitted frame Transfer frame n + 1

N T
DE
—|Ds|D0|D1|Dz|D3|D4|D5|De|D7|Dp|-|%—|Ds|Do|D1|D2|03|D4|D5|D6|D7|Dp|;T)|Ds po|p1]p2|p3lpa

RDRF 1
42 44

PER ]
! 43

;‘4
V“

Figure 14.9 Retransmission in SCI Receive Mode
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Retransmission by the SCI in Transmit Mode:Figure 14.10 shows the retransmission
operation in the SCI transmit mode.

1.

After transmission of one frame is completed, the FER/ERS bit in SCSSR is set to 1 when
a error signal is returned from the receiving side. If the RIE bit in SCSCR is enabled at
this time, an ERI interrupt is requested. Be sure to clear the FER/ERS bit before the next
parity bit is sampled.

The TEND bit in SCSSR is not set in the frame that received the error signal that
indicated the error.

The FER/ERS bit in SCSR is not set when no error signal is returned from the receiving
side.

When no error signal is returned from the receiving side, the TEND bit in SCSSR is set to
1 when the transmission of the frame that includes the retransmission is considered
completed. If the TIE bit in SCSCR is enabled at this time, a TXI interrupt will be
requested.

‘ nth transfer frame

;‘4
r V“

|
DE
—|Ds|D0|D1|D2|D3|D4|D5|D6|D7|Dph%,—|DslDO|D1|D2|D3|D4|D5|D6|D7|Dp|L|Ds po|p1[p2|D3|p4
|

Retransmitted frame ‘ Transfer frame n + 1

|
| TDRE } L]
TTransfer from TDR to TRS i TTransfer from TDR to TRS TTransfer from
TEND | = TDR to TRS
i
|

2 ta
FER/ERS [
t1 43

Figure 14.10 Retransmission in SCI Transmit Mode
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Section 15 1/O Ports

15.1 Overview

The has an on-chip 8-bit general-purpose 1/0 port and an on-chip 1/O port for the serial
communication interface (SCI).

15.1.1 Features
The general-purpose 1/O port has the following features:

« Direction of each bit of the 8-bit I/O port can be set independently
* When each bit is set for input mode, it is possible to set each bit for independent pull-up

« Ports can be used as I/O ports or as data bus lines, for a maximum data bus width of 32
bits, by setting the PORTEN bit in bus control register 2 (BCR2)

The SCI I/O port has the following features:

* When the I/O port is set to output and the SCI is not enabled, data can be output. This
allows transmission of the break status. SCK pin control is also possible.

e The value of the RxD pin can be read at any time. This enables break detection.

15.1.2 Block Diagram

Figure 15.1 shows a block diagram of the 8-bit general-purpose 1/O port.

-«— PORT7 (1/0)/D23 (1/0)
-«—>» PORT6 (1/0)/D22 (I/0)
<«— PORTS5 (1/0)/D21 (1/0)
g-bit [+—> PORT4 (I/0)/D20 (I/O)
port |l«——» PORT3 (1/0)/D19 (1/O)
-««—» PORT2 (1/0)/D18 (I/0)
««—» PORTL1 (I/0)/D17 (I/0)
-««—>» PORTO (1/0)/D16 (I/O)

Figure 15.1 8-Bit I/O Port
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Figures 15.2 to 15.4 show block diagrams of the SCI 1/O port.

Iy Gy
SPB1IO

C
[ SPTRW

Reset

I
MDO/SCK o— R

Q D
SPB1DT

c
I
SPTRW

Internal data bus

Clock output enable

Serial clock output

" Clock input enable

A

SPTRR

SPTRW: SPTR write
SPTRR: SPTR read

|
|
|
|
|
|
:
| . Serial clock input
T
|
|
|
|
|
|
|
|

Note: Signals that set the SCK pin function to internal clock output or external clock
input as specified by the CKEO and CKEL1 bits in SCSCR, and the C/A bit in

SCSMR.

*

Figure 15.2 SCI I/O Port: MDO/SCK Pin
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, Transmit
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|
T
: Serial
: transmit
data
SPTRW: SPTR write
Figure 15.3 SCI I/O Port: MD1/TxD Pin
SCI
MD2/RxD : --------
!
I .
: Serial
: receive
| data
|
|

Internal data bus

SPTRR
SPTRR: SPTR read

Figure 15.4 SCI I/O Port: MD2/RxD Pin
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15.1.3 Pin Configuration
Table 15.1 shows the pin configuration of the 8-bit general-purpose 1/O port.

Table 15.1 Pin Configuration

Pin Signal /0 Function
Port 7 PORT7 110 1/0 port
Port 6 PORT6 I1/0 1/0 port
Port 5 PORT5 110 1/0 port
Port 4 PORT4 110 1/0 port
Port 3 PORTS3 I1/0 1/0 port
Port 2 PORT2 110 1/0 port
Port 1 PORT1 110 1/0 port
Port 0 PORTO I1/0 1/0 port

Table 15.2 shows the pin configuration of the SCI I/O port.

Table 15.2 Pin Configuration

Pin Signal /0 Function

Serial transmission TxD o Serial data transmission and break status
transmission

Serial reception RxD | Serial data reception and break status detection

Serial clock SCK 110 Serial clock input/output and 1/O port

Note: These pins function as mode input pins MDO-MD?2 after a power-on reset. They are made to
function as serial pins by performing SCI operation settings with the TE, RE, CKEI, and
CKEQO bits in SCSCR and the C/A bit in SCSMR. Break status transmission and detection
can be performed by means of the SCI's SCSPTR register.
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15.1.4 Register Configuration

Table 15.3 shows the configuration of the two registers of the 8-bit general-purpose 1/0 port
(PCTR and PDTR) and the one register of the SCI I/O port (SCSPTR).

Table 15.3 Register Configuration

Register Symbol R/W Initial Address Access
Value** Size

Port control register PCTR R/W H'0000 H'FFFFFF76 16

Port data register PDTR R/W Undefined HFFFFFF78

Serial port register SCSPTR R/W *? HFFFFFF7C

Notes: 1. Initialized by a power-on reset.
2. Bits other than 2 and 0 are initialized to H'00. Bits 2 and 0 are undefined.

15.2  Register Descriptions

15.2.1 Port Control Register (PCTR)

Bit: 15 14 13 12 11 10 9 8
Bit name: PB7 PB7 PB6 PB6 PB5 PB5 PB4 PB4
PUP 10 PUP 10 PUP 10 PUP 10

Initial value: 0 0 0 0 0 0 0 0

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

Bit: 7 6 5 4 3 2 1 0
Bit name: PB3 PB3 PB2 PB2 PB1 PB1 PBO PBO
PUP 10 PUP 10 PUP 10 PUP 10

Initial value: 0 0 0 0 0 0 0 0

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

The port control register (PCTR) is a 16-bit read/write register that controls the input/output
direction and pull-up for each bit in the 8-bit port. As the initial value of the port data register
(PDR) is undefined, all the bits in the 8-bit port should be set to output with PCTR after
writing a value to the PDTR register.

PCTR is initialized to H'0000 by a power-on reset. It is not initialized by a manual reset or in
standby mode, and retains its contents.
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Bit 2n + 1 (n = 0-7): Port Pull-Up Control (PBnPUP): Controls the pull-up of each bit in the
8-bit port by means of built-in resistors. This setting is valid even if the port pin is set to
output by the PBnIO bit. Therefore, to avoid unnecessary power consumption and ensure the
reliability of the chip, a pull-up setting should not be made when the corresponding port pin
has been set to output.

Bit 2n + 1: Description

PBnPUP

0 Bit n (n = 0-7) of the 8-bit port is pulled up. (Initial value)
1 Bit n (n = 0-7) of the 8-bit port is not pulled up.

Bit 2n (n = 0-7)—Port 1/0O Control (PBnDIR): Controls whether each bit of 8-bit port is an
input or an output.

Bit 2n: PBnlIO Description
0 Bit n (n = 0-7) of the 8-bit port is an input. (Initial value)
1 Bit n (n = 0-7) of the 8-bit port is an output.

15.2.2 Port Data Register (PDTR)

The port data register (PDTR) is an 8-bit read/write register used as data latches for each bit
of the 8-bit port. When a bit is set to be used as an output, the value written into PDTR is
output from the external pin. When a value is read from PDTR, the external pin value
sampled on the external bus clock is returned.

PDTR is not initialized by a power-on reset or manual reset, or in standby mode, and it
retains its contents. However, if PDTR is read when a bus release request is issued (when
BREQ is asserted), its value may not be read correctly. TherdB®EQ should not be

asserted when reading PDTR.

Bit: 7 6 5 4 3 2 1 0
Bitname: PB7DT PB6DT PB5DT PB4DT PB3DT PB2DT PB1DT PBODT

Initial value: — — — — — — — _
R/W: R/W R/W R/W R/W R/W R/W R/W R/W
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15.2.3 Serial Port Register (SCSPTR)

The serial port register (SCSPTR) is an 8-bit register that the CPU can always read and write.
It controls I/O and data of the port multiplexed with the serial communication interface (SCI)
pins. Input data can be read from the RxD pin and output data can be transmitted to the TxD
pin; this controls breaks for serial transmission and reception. In addition, SCK pin data
reading and output data writing can be performed by means of bits 3 and 2.

All SCSPTR bits except bits 2 and 0 are initialized to 0 by a power-on reset; the value of bits
2 and 0 is undefined. SCSPTR is not initialized by a manual reset or in standby mode, and it
retains its contents.

Bit: 7 6 5 4 3 2 1 0
Bit name: — — — — SPB1IO SPB1DT SPBOIO SPBODT
Initial value: 0 0 0 0 0 — 0 —
R/W: R R R R R/W RW RW RW

Bits 7 to 4—Reserved: These bits always read 0. The write value should always be 0.

Bit 3—Serial Port Clock Port I1/0O (SPB1IO): Specifies serial port SCK pin input/output.
When the SCK pin is actually set as a port output pin and outputs the value set by the
SPBI1DT bit, the GX bit in SCSMR and the CKE1 and CKEO bits in SCSCR should be
cleared to 0.

Bit 3: SPB1IO Description
0 The SPB1DT value is not output to the SCK pin. (Initial value)
1 The SPBI1DT bit value is output to the SCK pin.

Bit 2—Serial Port Clock Port Data (SPB1DT): Specifies the serial port SCK pin input/output
data. Input or output is specified by the SPB1IO bit (see the description of SPB1IO for
details). When output is specified, the value of the SPB1DT bit is output to the SCK pin. The
SCK pin value is read from the SPB1DT bit regardless of the value of the SPB1IO bit. The
initial value of this bit after a power-on reset is undefined.

Bit 2: SPB1DT Description

0 I/O data level is low. (Initial value)

1 I/O data level is high.
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Bit 1—Serial Port Break I/O (SPBOIO): Specifies the serial port TxD pin output condition.
When the TxD pin is actually set as a port output pin and outputs the value set by the
SPBODT bit, the TE bit in SCSCR should be cleared to 0.

Bit 1: SPBOIO Description
0 The SPBODT bit value is not output to the TxD pin. (Initial value)
1 The SPBODT bit value is output to the TxD pin.

Bit 0O—Serial Port Break Data (SPBODT): Specifies serial port RxD pin input data and TxD
pin output data. The TxD pin output condition is set with the SPBOIO bit (see the description
of SPBOIO above). When the TxD pin is set as an output, the value of the SPBODT bit is
output to the TxD pin. The RxD pin value is always read from the SPBODT bit, regardless of
the value of the SPBOIO bit. The initial value of this bit after a power-on reset is undefined.

Bit 0 : SPBODT Description

0 I/O data level is low. (Initial value)
1 I/O data level is high.
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Section 16 Electrical Characteristics
(-SH7708, SH7708S-)

16.1  Absolute Maximum Ratings

Table 16.1 Absolute Maximum Ratings

Iltem Symbol Ratings Units
Power supply voltage Vee -0.3t0 4.6 \%
Input voltage Vin -0.3t0 Ve +0.3 \Y,
Operating temperature Topr —20t0 75 °C
Storage temperature Tstr -551t0 125 °C

Note: Operating the SH7708 Series above maximum ratings can damage or destroy it.
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16.2 DC Characteristics

Table 16.2 DC Characteristics (Ta= —20 to 75°C)

Iltem SymbolMin Type Max UnitRemarks
Power supply voltage Vee 3.0 3.3 36 V  In normal operation, sleep
mode, and standby mode
2.0 3.3 3.6 RTC operating voltage in
standby mode
Current  Normal operation  Icc — — 195*1 mA Vcc =33V
— — 100*2 *1: 60 MHz (Pg = 30 MHz)
— — 50*3 *2: 30 MHz
In sleep mode — 75*1  95*%1 *3: 15 MHz
— 40*2  50*2
— 20*3 25*3
In standby mode — 15 30 MA Ta=25°C (RTCon)
— — 400 Ta>50°C (RTC on)
— 5 15 Ta = 25°C (RTC off)
— — 300 Ta > 50°C (RTC off)
Input RESET, NMI VIH Voe X0.9— Vg +0.3V
voltage  BREQ, IRL3-IRLO, Vec—05— Ve +0.3  Standby mode
MD5-MDO Vee - 0.7 — Ve +0.3 Normal operation
EXTAL, CKIO Vec—07—  Vec+0.3
Other input pins 2.0 — Vce +0.3
RESET, NMI VIL -0.3 — Vee X 0.1
BREQ, IRL3-IRLO, -0.3 — 0.5 Standby mode
MD5-MDO -0.3 — Vee x0.2 Normal operation
Other input pins -0.3 — Vee 0.2
Input leak All input pins [lin] — — 1.0 MA Vi, =05t0Vcc-05V
current
Three- 1/0, output, all pins |lsti| — — 1.0 HA Vi, =05t0Vc-05V
state leak (off condition)
current
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Table 16.2 DC Characteristics (Ta= —20 to 75°C) (cont)

Iltem SymbolMin Type Max Unit Remarks
Output All output pins VOH 2.4 — — \% Vee=3.0V,
voltage IOH =-200 pA
2.0 —_— —_— VCC =3.0 V,
IOH =-2mA
VOL — — 0.55 Vec =36V,
IOL=1.6 mA
Pull-up Port pins Rpull 30 60 120 kQ
resistance
Terminal  All pins C — — 20 pF
capaci-
tance

Notes: 1. Regardless of whether PLL or RTC is used, connect PLLV¢¢, RTCV¢¢ to Ve, and
PLLGND, RTCGND to GND.

2. With VIHmin =V¢c — 0.5V, VIL max = 0.5 V, and all output pins unloaded.

Table 16.3 Permissible Output Current Values (\éc = 3.3 £ 0.3V, Ta= -20 to 75°C)

Iltem Symbol Min Typ Max Unit
Permissible output low current (per pin) IOL — — 2.0 mA
Permissible output low current (total) pale] N — — 120
Permissible output high current (per pin) —IOH — — 2.0
Permissible output high current (total) > (-IOH) — — 40

Note: To ensure reliability, output current must not exceed the maximum values listed.

16.3 AC Characteristics

Input for the SH7708 Series should, as a rule, be clock synchronous. Keep to the setup and
hold times for each input signal unless otherwise directed.

Table 16.4 LSI Clock Values (Ta= —-20 to 75°C)

Iltem Symbol Min Typ Max Unit
Operating  CPU, cache, TLB f 1 — 60 MHz
frequency  External bus 1 — 60
Peripheral modules 0.25 — 30
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16.3.1 Clock Timing

Table 16.5 Clock Timing (Mcc = 3.3 £ 0.3V, Ta= -20 to+75°C, Maximum External

Bus Operating Frequency: 15 MHz)

Iltem Symbol Min Max Unit Figure

EXTAL clock input frequency fex 2 30 MHz 16.1

EXTAL clock input cycle time tExeye 33.3 500 ns

EXTAL clock input low level pulse width texL g lor12*2 — ns

EXTAL clock input high level pulse width  tgxy g*lor12*2 — ns

EXTAL clock input rise time texr — ns

EXTAL clock input fall time texr — ns

CKIO clock frequency (input) fek 8 15 MHz 16.2

CKIO clock cycle time (input) tekieye 66.7 125 ns

CKIO clock low-level pulse width (input) tekiL 8 — ns

CKIO clock high-level pulse width (input)  tckH 8 — ns

CKIO clock rise time (input) tekir — ns

CKIO clock fall time (input) tckiE — ns

CKIO clock output frequency (output) fop 1 15 MHz 16.3

CKIO clock cycle time (output) teye 66.7 1000 ns

CKIO clock low-level pulse width (output)  tckoL 20 — ns

CKIO clock high-level pulse width (output) tckon 20 — ns

CKIO clock rise time (output) tckor — 7 ns

CKIO clock fall time (output) tckor — 7 ns

Power-on oscillation settling time tosc1 10 — ms 16.4

Power-on oscillation settling time/mode toscmp 10 — ms

setting

BREQ reset hold time tsreorH O — ns

RESET set-up time tress 20 — ns

BREQ set-up time tsrREQS 20 — ns

MD reset hold time tMDRH 20 — ns

Reset assert time trRESW 20 — tcyc 16.4,
16.5,
16.11

Standby return oscillation settling time 1 tosc? 10 — ms 16.5
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Table 16.5 Clock Timing (Mcc = 3.3 £ 0.3V, Ta= -20 to+75°C, Maximum External

Bus Operating Frequency: 15 MHz) (cont)

Iltem Symbol Min Max Unit Figure
Standby return oscillation settling time 2 toscs 10 — ms 16.6
Standby return oscillation settling time 3 tosca 11 — ms 16.7
PLL synchronization settling time tpLL 100 — Us 16.8,
16.9,
16.10
IRL interrupt decision time (using RTC and tgr.sT8 100 — Ms 16.10
in standby mode)
Notes: 1. PLL circuit 2 in operation.
2. PLL circuit 2 not in operation.
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Table 16.6 Clock Timing (Mcc =3.3£0.3V, Ta= -20 to 75°C, Maximum External

Bus Operating Frequency: 30 MHz)

Iltem Symbol Min Max Unit Figure

EXTAL clock input frequency fex 2 30 MHz 16.1

EXTAL clock input cycle time tExeye 33.3 500 ns

EXTAL clock input low level pulse width texL 7+l or 102 — ns

EXTAL clock input high level pulse width  texy 7l or 10022 — ns

EXTAL clock input rise time texr — ns

EXTAL clock input fall time texE — ns

CKIO clock frequency (input) fek 8 30 MHz 16.2

CKIO clock cycle time (input) tekieye 33.3 125 ns

CKIO clock low-level pulse width (input) tekiL 7 — ns

CKIO clock high-level pulse width (input)  tckn 7 — ns

CKIO clock rise time (input) tekir — 3 ns

CKIO clock fall time (input) tekie — 3 ns

CKIO clock output frequency (output) fop 1 130 MHz 16.3

CKIO clock cycle time (output) teye 33.3 1000 ns

CKIO clock low-level pulse width (output)  tckoL 8 — ns

CKIO clock high-level pulse width (output) tckon 8 — ns

CKIO clock rise time (output) tckor — 6 ns

CKIO clock fall time (output) tckoF — 6 ns

Power-on oscillation settling time tosc1 10 — ms 16.4

Power-on oscillation settling time/mode toscmp 10 — ms

setting

BREQ reset hold time tsReQrH O — ns

RESET set-up time tresS 20 — ns

BREQ set-up time tsrREQS 20 — ns

MD reset hold time tMDRH 20 — ns

Reset assert time trRESW 20 — tcyc 16.4,
16.5,
16.11

Standby return oscillation settling time 1 togco 10 — ms 16.5

Standby return oscillation settling time 2 tggcs 10 — ms 16.6

Standby return oscillation settling time 3 tosca 11 — ms 16.7
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Table 16.6 Clock Timing (Vcc =3.3£0.3V, Ta= -20 to 75°C, Maximum External

Bus Operating Frequency: 30 MHz) (cont)

Iltem Symbol Min Max Unit Figure
PLL synchronization settling time teLL 100 — Mus 16.8,
16.9,
16.10
IRL interrupt decision time (using RTC and tg sT8 100 — MUs 16.10
in standby mode)
Notes: 1. PLL circuit 2 in operation.
2. PLL circuit 1 not in operation.
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Table 16.7 Clock Timing (Mcc =3.3£0.3V, Ta= -20 to 75°C, Maximum External

Bus Operating Frequency: 60 MHz)

Iltem Symbol Min Max Unit Figure

EXTAL clock input frequency fex 2 60 MHz 16.1

EXTAL clock input cycle time tExeye 16.7 500 ns

EXTAL clock input low-level pulse width  tgx, 4*lor 102 — ns

EXTAL clock input high-level pulse width  tgxn 4*1or10%2 — ns

EXTAL clock input rise time texr — 2 ns

EXTAL clock input fall time texE — 2 ns

CKIO clock frequency (input) fek 8 60 MHz 16.2

CKIO clock cycle time (input) tekieye 16.7 125 ns

CKIO clock low-level pulse width (input) tekiL 4 — ns

CKIO clock high-level pulse width (input)  tckn 4 — ns

CKIO clock rise time (input) tekir — 2 ns

CKIO clock fall time (input) tekie — 2 ns

CKIO clock output frequency (output) fop 1 60 MHz 16.3

CKIO clock cycle time (output) teye 16.7 1000 ns

CKIO clock low-level pulse width (output)  tckoL 3 — ns

CKIO clock high-level pulse width (output) tckon 3 — ns

CKIO clock rise time (output) tckor — 5 ns

CKIO clock fall time (output) tckoF — 5 ns

Power-on oscillation settling time tosc1 10 — ms 16.4

Power-on oscillation settling time/mode toscmp 10 — ms

setting

BREQ reset hold time tsregrH O — ns

RESET set-up time tresS 20 — ns

BREQ set-up time tsrREQS 20 — ns

MD reset hold time tMDRH 20 — ns

Reset assert time trRESW 20 — tcyc 16.4,
16.5,
16.11

Standby return oscillation settling time 1 togco 10 — ms 16.5

Standby return oscillation settling time 2 tggcs 10 — ms 16.6

Standby return oscillation settling time 3 tosca 11 — ms 16.7
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Table 16.7 Clock Timing (Mcc =3.3£0.3V, Ta= -20 to 75°C, Maximum External
Bus Operating Frequency: 60 MHz) (cont)

Iltem Symbol Min Max Unit Figure

PLL synchronization settling time teLL 100 — Ms 16.8,
16.9,
16.10

IRL interrupt decision time (using RTC and tg sT8 100 — HUs 16.10

in standby mode)

Notes: 1. PLL circuit 2 in operation.
2. IPLL circuit 2 not in operation.

tExceyc
EXTAL* UL S Y P CS
(input)
1/2 Ve Vi Vi X
; Vi
texrF
—

Note: The clock input from the EXTAL pin.

Figure 16.1 EXTAL Clock Input Timing

tCKlgyc

A
A 4

CKIO

(input)

A
A 4

V
Vin ViH H| 7
1/2 Vee 7 X_VIL v, Z U2 Vee

t tekir
CKIF

Figure 16.2 CKIO Clock Input Timing
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< tcyc >
tckoH . ltekoL
CKIO
output V N |V \%
(output) U2V H OH O} oy
VoL VoL 71

t {
L ¢—CKOF > CKOR

-
P

Figure 16.3 CKIO Clock Output Timing

Stable oscillation

CKIO,
internal clock / / \\ 5}17—\_//_\_33_/_&(_/_\\
(¢ (¢
VCC VCC min 7 7
~ tresw [lRess
tosc1 ~ T
RESET ) i
« ( t
( ¢ BREQS
« « tBREQRH
)) ))
BREQ \
) toscmp -
tvMDRH
S(} — |—
MDO-MD2 «
D)

Note: Oscillation settling time when built-in oscillator is used

Figure 16.4 Power-On Oscillation Settling Time
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Standby Stable oscillation
—> >

A/ AVAVAVAN

tRESW
RES \

Note: Oscillation settling time when built-in oscillator is used

tosc2 <

vy

A

\_,-\
=~
NN
<~

Figure 16.5 Standby Return Oscillation Settling Time (Return by RESET)

Standby Stable oscillation
—>

CKIO, g
internal
clock

toscs

A

N
<~

NMI

NS
<~

Note: Oscillation settling time when built-in oscillator is used

Figure 16.6 Standby Return Oscillation Settling Time (Return by NMI)
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Standby Stable oscillation

—> >
CKIO,
internal
clock
tosca
- /
IRL3-IRLO
\

Note: Oscillation settling time when built-in oscillator is used

A

N
<~

N
NN

Figure 16.7 Standby Return Oscillation Settling Time (Return by RL3-IRL0)

Reset or NMI interrupt request

Stable input clock; Stable input clock

«————
EXTAL input |
or CKIO | |
input |
PLL synchronization , ‘
<—>‘ ﬂ—»

PLL output, | t i
CKIo output/—\_/—\ :/ ) // ‘
; (¢
|
Internal clock/—\_/—\ 3
|
|
|
|

STATUS 0
STATUS 1

A\

PLL synchronization
I E—

|

|
) !
1( T

|

‘>< Normal
)L J

|

Note: PLL oscillation settling time when clock is input from EXTAL pin or CKIO pin

((

Normal >< Standby
))
1

Figure 16.8 PLL Synchronization Settling Time in Case of Reset or NMI Interrupt
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IRL (3-0) interrupt request
!
|
|
|
|
|

Stable input clock, | Stable input clock
|
|
|

1

|

EXTAL input !

or CKIO input |
PLL synchronization ‘ tirRLSTB 1 tpLL PLL synchronization

|

| )
PLL output, ! {
CKIO output } )
|
|
Internal clock /—\_/—\ 1
|
|
|
|
|

)
STATUS 0 Normal | '
STATUS 1 orma

)]
1§

Stanplby
j (( ‘ (’(’

|

|
) :
( ;

‘>< Normal
)L ]

|

Note: PLL oscillation settling time when clock is input from EXTAL pin or CKIO pin

Figure 16.9 PLL Synchronization Settling Time in Case of IRL Interrupt

EXTAL input or
on-chip
oscillator
|

output
))

|
|
CKOEN \ / “
| ))

CKIO

|
| |
PLLL OUtpUt /_\I\I\MW\I\I\WM
| |
) )
|
|
|
|

Internal clock [\ [\ [ | | R NN
| | | |

Note: PLL oscillation settling time when output clock is controlled by Clock Mode 0-2

|
|
|
|
:
PLL synchronization  tpy | PLL synchronization tp | PLL synchronization
N I . L i I . I—
|
|
[

Figure 16.10 PLL Synchronization Settling Time in Case of CKOEN Bit Manipulation
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16.3.2 Control Signal Timing

Table 16.8 Control Signal Timing (Mcc = 3.3+ 0.3V, Ta=-20to+ 75°C)

_60*2
Iltem Symbol Min Max Unit Figure
RESET pulse width trESW 20 — tcyc 16.11, 16.13,
RESET setup time tress 23 — ns 16.15
RESET hold time trESH 2 — ns

BREQ setup time tsrREQS 12 — ns

BREQ hold time tBREQH 3 — ns

BREQ reset setup time tBREQRS 17 — ns

BREQ reset hold time tBREQRH 16 — ns

MD reset setup time tMDRS 20 — tecyc 16.12

MD reset hold time tMDRH 16 — ns

NMI setup time*1 tNMIS 15 — ns 16.13, 16.14
IRL3-IRLO setup time*! tirLs 10 — ns

NMI hold time tNMIH — ns

IRL3-IRLO hold time tRLH — ns

TRQOUT delay time tirQoD — 12 ns

BACK delay time tsACKD — 12 ns 16.15, 16.16
STATUS1, STATUSO delay time  tgTp — 16 ns

Bus tri-state delay time 1 tROFF1 0 16 ns

Bus tri-state delay time 2 tsoFE2 0 16 ns

Bus buffer on time 1 tson1 0 16 ns

Bus buffer on time 2 teon2 0 16 ns

Notes: 1. RESET, NMI, and IRL3 to IRLO are asynchronous. Changes are detected at the clock
fall when the setup shown is used. When the setup cannot be used, detection can be
delayed until the next clock fall.

2. Upper limit of external bus clock is 60 MHz.
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CKIO

tress tReSS
P tRESW -
RESET N\
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)
tBREQRS tBrREGS
tBREQRH
BREQ
((
2
Figure 16.11 Manual Reset Input Timing
RESET «
‘ tvDRs N
tMDRH
(C
))
MDO-MD5
« ii
U

Figure 16.12

Mode Input Timing
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- /% %\
_ lResH | lrRess _
N7~ ViH
RESET
% Vi
tNMIH tamis
X/ Vi
NMI
—% Vie
tRLH tirLs
A ViH
IRL3-IRLO
7% Vi
Figure 16.13 Interrupt Signal Input Timing
CKIO
tirQoD tirooD
IRQOUT ((
Figure 16.14 TRQOUT Timing
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e \
BREQ
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RAS, CAS, / '_Q
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Figure 16.15 Bus Release Timing

Normal mode | Standby mode R Normal mode R
cKio JWWM
tsTp tsTp
\ '\
STATUS 0O
STATUS 1
\\
L L tBoFF2 teon2
RD, RD/WR, __ |*+* - >
RAS, CAS, )
CSn, WEn, N
BS tsoFF1 teon1
A25-A0, ))
D31-D0 ((

Figure 16.16 Pin Drive Timing for Standby Mode
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16.3.3 AC Bus Timing Specifications

Table 16.9 Bus Timing (Conditions: Clock Mode 0/1/2/7, ¥c =3.3+ 0.3V, Ta=-20

to 75°C)
—-60**

Iltem Symbol Min Max Unit Figure
Address delay time taD — 13 ns 16.17-16.58
Address setup time tas 0 — ns
Address hold time taH 0 — ns
BS delay time tesp — 12 ns
CS delay time 1 tcspl — 12 ns
CS delay time 2 tesp2 — 12 ns
Read write delay time tRwD — 12 ns
Read write setup time tRws 0 — ns
Read write hold time tRWH 0 — ns
Read strobe delay time trsp — 12 ns
Read data setup time 1 trRps1 12 — ns
Read data setup time 2 trRDS2 8 — ns
Read data hold time 1 tRDH1 0 — ns
Read data hold time 2 tRDH2 3 — ns
Write enable delay time tweDp — 12 ns
Write data delay time 1 twobD1 — 15 ns
Write data delay time 2 twbb2 — 15 ns
Write data setup time twbs 0 — ns
Write data hold time 1 twpH1 0 — ns
Write data hold time 2 twoH2 0 — ns
Write data hold time 3 twbH3 0 — ns
Write data hold time 4 twpH4 0 — ns
WAIT setup time** twrs 12 — ns
WAIT hold time* twTH 4 — ns
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Table 16.9 Bus Timing (Conditions: Clock Mode 0/1/2/7, ¥c =3.3+ 0.3V, Ta=-20

to 75°C) (cont)

_60*1

Iltem Symbol Min Max Unit Figure
RAS delay time 1 trASDIL — 13 ns 16.23-16.44
RAS delay time 2 traSD2 — 13 ns

CAS delay time 1 tcasDl — 13 ns

CAS delay time 2 tcasp2 — 13 ns

DQM delay time toomp — 12 ns

CKE delay time tekeD — 12 ns

CE delay time tcep — 13 ns 16.45-16.51
OE, RFSH delay time toED — 13 ns

ICIORD delay time ticRsD — 12 ns 16.56-16.58
ICIOWR delay time ticwsp — 12 ns

1OIS16 setup time tiolss 12 — ns

10IS16 hold time to16H 4 — ns

Notes: 1. Upper limit of external bus clock is 60 MHz.

2. WAIT is a synchronous signal. Operation cannot be guaranteed if the setup and hold
times shown here are not observed.
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Table 16.10 Bus Timing (Conditions: Clock Mode 3/4/5/6, ¥c = 3.3+ 0.3V, Ta=-20

to 75°C)

Iltem Symbol Min Max Unit Figure
Address delay time taD — 20 ns 16.17-16.58
Address setup time tas 0 — ns
Address hold time taH 20 — ns
BS delay time tasp — 19 ns
CS delay time 1 tcsp1 — 19 ns
CS delay time 2 tespe — 20 ns
Read write delay time trRwD — 19 ns
Read write setup time trws 0 — ns
Read write hold time tRWH 0 — ns
Read strobe delay time trRsD — 20 ns
Read data setup time 1 trRDs1 12 — ns
Read data setup time 2 trRDS2 12 — ns
Read data hold time 1 tRDH1 0 — ns
Read data hold time 2 tRDH2 8 — ns
Write enable delay time tweD — 20 ns
Write data delay time 1 twpp1 — 25 ns
Write data delay time 2 twbb2 — 19 ns
Write data setup time twbs 0 — ns
Write data hold time 1 twoH1 0 — ns
Write data hold time 2 twbH2 0 — ns
Write data hold time 3 twDH3 0 — ns
WAIT setup time twTs 12 — ns
WAIT hold time twTh 8 — ns
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Table 16.10 Bus Timing (Conditions: Clock Mode 3/4/5/6, ¥c = 3.3+ 0.3V, Ta=-20

to 75°C) (cont)

Iltem Symbol Min Max Unit Figure
RAS delay time 1 trASDL — 20 ns 16.23-16.44
RAS delay time 2 trasD2 — 19 ns

CAS delay time 1 teaspl — 20 ns

CAS delay time 2 tcasD2 — 19 ns

DQM delay time tbomp — 19 ns

CKE delay time tcKED — 19 ns

CE delay time teen — 20 ns 16.45-16.51
OE, RFSH delay time toep — 20 ns

ICIORD delay time ticrsD — 20 ns 16.56-16.58
ICIOWR delay time ticwsp — 20 ns

101S16 setup time tioi6s 12 — ns

1OIS16 hold time to16H 8 — ns
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16.3.4

Basic Timing

CKIO

A25-A0

RD/WR

RD
(read)

D31-D0
(read)

WEn
(write)

D31-D0
(write)

Ty T
tAD tAD
B
< —
tcspl tcspe|  tRwH
tRDH1
trwD <> | trwD
ol
< S
trsp trsD tRwH
7tRDH1
-«>
trDs1
t
tweb t Tt -
U ‘XVED=‘ RWH S
|
7~ ‘twoHs |
< >
twob1 twpH1
tesp tgsp
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Figure 16.17 Basic Bus Cycle (No Wait)
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SO R S SR S S
tAD [9%5)
A25-A0 >< X
tAH
tcspa tc‘soz“‘ tRwH
CSn K %
trwD tRPHl trwD
-+ -
RD/WR —<
trsp1 trsp | tRwH
__ —> <« >le
RD [
(read) 7tRDH 1
<>
tRDs1
D31-D0
(read)
t
twep1 t M
> P> -
WEn . | — tRwH
(write) N\ e i
WDH3
h i
twop1 twbH1
G
(write)
tesp tgsp
BS twrs | twh

AT 23

Figure 16.18 Basic Bus Cycle (1 Wait)
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_/ N/ N \
tAD tAD
[— <+
A25-A0 % <:
tAH
tesp tcs‘Dz; tRwH
— 1 /
CSn 7
trRwD trRoH1| | TRWD
RD/WR %{ <
tAH
tRSD tRSD A t|‘QWHV
- | <4«
RD —/ /
(read) /
tRDH1
[
trDs1
i I
D31-D0O
(read) .
BRI
twebp twep h IRWH "
| i: »> < >
WEn
(write) % 7 twbH3
twob1 twpH1
[——>| «
D31-D0 W
(write)
tgsp tgsp
twrs |twtH twrs | twtH

WAIT A‘jﬁﬂl X

Figure 16.19 Basic Bus Cycle (External Wait)
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16.3.5 Burst ROM Timing

CKIO

A25-A4

A3-A0

RD/WE

D31-DO

WAIT

Note:

trsp trsD | tan

trRDs

tRDH1

—

trsp

trsp

tros1

2

|7

.

tesp tgsp

tgsp

R an e

twrs

tgsp

Fan i

twrh

A ez

In the write cycle, the basic bus cycle is performed.

G/

Figure 16.20 Burst ROM Bus Cycle (No Wait)
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naso | X KX )
tAH
tcsp2 | | tRwH

tespa

tRDH1
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trwD trwp
> Yy i
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<
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»le—> s
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t tRDH1 tRDH1
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trDS1 trDs1
- [
D31-D0O k } S i
tgsp | tBsD tesp tgsp
N
= 1 ] 1] YR
twrs|twrH twrs| twtH
twrs [twTH twrs|twTh

w7F W X W AN

Note: In the write cycle, the basic bus cycle is performed.

Figure 16.21 Burst ROM Bus Cycle (2 Waits)

450
HITACHI




cwo ¥ f ALV S L L
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A25-A4
n taD
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A3-AD e
tAH
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trsp trsp1 taH| |tRsD1 trsp | tRwH
A X 4
RD L \ A
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>
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Note: In the write cycle, the basic bus cycle is performed.

Figure 16.22 Burst ROM Bus Cycle (External Wait Input)
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16.3.6

DRAM Timing

CKIO

A25 to A16

A15 to AO

RD/WR

CASxx

D31-D0
(read)

D31-D0
(write)

CS2 or CS3
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tap tas | tap tas
«>e :1 <«>le >
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> -« «p
tAH‘
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|—> <> >
twos tRDH1
< > —» |4—
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E
twoH3
I
twpb2 twpH1
> «>
tesp tesp
>
tesp1 tesp1
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Figure 16.23 DRAM Bus Cycle (RCD= 0, AnW = 1, TPC = 0)

T ‘ Trw ‘ Trw Te1 Tew ‘ Te2 (Tpc) ‘ (Tpc) ‘
cxio ﬂmﬂ: N aYaVaVa
_J
tAD tAD
>
A25 to AL6 ‘% Row address ><
tap |tas tap | tas
oy A
1
Al5to AO Row address * Column address ><
tRwD tan trRwD
» >
RD/WR <
tap
trasD1L trasp1| |IRWH
EnaNn i
RAS X: Vi
tAH
tcaspl tcaspi| | lRwH
> e
— \ /]
CASxx N\ 7
twos ) . IRDHL
trRDs1
|
D31-D0
(read) k
tWDDZ > 1:WDH3
<> t
D31-DO WDH1
(write)
tgsp  |IBsD
-
BS tCSDl \—41-l tCSDl
| |- |

CS2 or CS3

Figure 16.24 DRAM Bus Cycle (RCD= 2, AnW =2, TPC=1)
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CKIO

A25-A16

A15-A0

RD/WR

RAS

CASxx

D31-DO
(read)

D31-D0
(write)

CS2 or CS3

(Tho) |

tap
1 1
Row address
t tap|tas taD
Row \/ Column Column Column Column
address address address address address
tan trwp
—»| l—Pp|
g
traSD1L trasD1| |tRWH
=
\
tAH
<—>‘
tCASDl tCASDl tCASDl tRWH
[PE] N tcasb1 >
\ / \ / \_/_ /
| L/
twps trpH1 tRDH1
- - — «—
trRDs1 trRps1
> [
twoH3 twpHs
[t 4
twpb2 twpb2 twpH1
=
tgsp |[tBsp
=
tespl tesp
(- (-

Figure 16.25 DRAM Burst Bus Cycle (RCD= 0, AnW = 1, TPC = 0)
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Tl T T g Ter ] Jow g Teo ) Tor ) Tow ) Tez | (Tod |
CKIO —77 A 7{ — L 77 ,U, \ }
tAD t/-\D
<> <>
A25-A16 :>§ Row address 7:
taD tAsi tap |las tap
i -
A15-A0 :>Z* Row address - Column address Column address >r
tRWD | tan >
ol -t tRWD
RD/WR :>Z— 7<
— LAH
tRASD1 |ap trasDL [€* tRWH
RAS N /-
\ / tAH
tcasp1 tcaspi <>
> Ralini tcaspr [ 14— tryyy
CASxx X, ,Z \ ~
twos -/
A4 ) [ tRpHL [ troH1
trDs1 trDs1
PR >
D31-DO
(read)
twpp2 > twpHs > twoH3
“ twop2 > twpH1
D31-DO
(write)
tesp | tBsD
“r rme
BS
tcspr tespa
CS2 or CS3
Figure 16.26 DRAM Burst Bus Cycle (RCD= 2, AnW = 2, TPC=0)
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CKIO 7Z / X7 y N /
_/ \__/ _/ _/
o 2o
A25-A16 >* Row address >\
ol lts, ko s <
A15-A0 >f Row address>f Column address 7<
|
trwp <Py ™| tRwH
i > trwD
RD/WR >7 7/§
trasD1 trasSD2
RAS 7‘ 7*
tcaspl tcasp1
CASxx *\_ 7[
twps
- > trps2 | tRDH2
e
D31-DO
(read)
tWDDZ - gl tWDH3
> | tywpH1
D31-DO
(write)
tBsp tesp
P <>
BS \
> tcspr tcspr

CS2 or CS3

Figure 16.27 DRAM Bus Cycle (EDO Mode, RCB= 0, AnW =1, TPC=0)
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tAD‘ tas | tap tAS‘ taH
_‘ - V} x |~ T ‘ . Ll
A15-A0 Row address >< Column address 7<
trwd | tan _ | TRWH
§< 7 “»|trwD
RD/WR 7<
traSD2
traSD1L [+ >
RAS _XY 7Z
tcasD1 tcasp1
] ]
CASxx XK 7[
t
VLDS trps2 | tRDH2
D31-DO0
(read)
twpp2 < twpH3
) > twpoH1
D31-DO0 >
(write)
tBsp tesp
] >
BS \
_|etosm tesp1
CS2 or CS3

Figure 16.28 DRAM Bus Cycle (EDO Mode, RCD= 2, AnW =2, TPC=1)
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Tl Tet e T | Teo g Tea | Tez | Tea ) Toz | (o)
CKIO 77 3\7—77 l, 77 3\7—7, A ]
tAD t/-\D
- <>
A25-A16 % Row address X<
tap |tas|taD tas -» < tay
> > | > tap > <« tay
A15-A0 MRow \f |Column Column Column Column /
addres: address| address address address|
trwD — <t
RWH
i tan <+ trud
RD/WR _>Z >7
t trASD2
RASD1 | gp! P
RAS N 7*
tcasp1  tcaspi tcaspr  tcaspa
> |+ > P
CASxx \l + _U
twos || trps2 || tRDH2
<> P trDS2 |<—|><—> tRDH2
A UAC IR
(read)
tW D2 —» -+ tWDH3 —» -— tWDH3
“» «» twop2 ¥ twpHi
D31-D0 >< ><
(write)
tesp | tBsSD
> >
BS \
tespa tespa
CS2 or CS3

Figure 16.29 DRAM Burst Bus Cycle (EDO Mode, RCD= 0, AnW =1, TPC=0)
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<l T Tt | Jow g (Tea | Tea ) Tow | Tez | (oo |
“e T i i ]
tAD tAD
<« <«
A25-A16 ><’ Row address X<
tap tas tap |tas taD
> |—>| > ! <ty
T /
A15-A0 ¢ | Row address Column address Column address >r
t
fRWD | AH > > <+ tay > <4 {(RwH
o > trwd
RD/WR > —<
traSD2
tRASDL [« <«
_ \ /
RAS *R 7*
tcaspb1 tcaspb1 tcaspl
pat > e
CASxx -\ 7 \ VN
twps ¢
— RDS2[ebedtep,  trpsz [+ troHz
(i
(read)
twob2 —» < typH3 —» 4 twpH3z
g <P tWDDz <+ tWDHl
D31-DO
(write)
tgsp | tBsD
BS
«»| lcsp1 <« tcsp1
CS2 or CS3

Figure 16.30 DRAM Burst Bus Cycle (EDO Mode, RCD= 2, AnW = 2, TPC = 0)
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(Tpe)

CKIO 7
RAS
tCASDl tCASDl
> >
CASxx J‘
trwD
<—>‘
RD/WR % \
(High)

CS2or

CS3

Figure 16.31 DRAM CAS-Before-RAS Refresh Cycle (TRAS 0, TPC=0)

Tre Trrt | Trw | TRw | Trw | TRew | TRr2 (Tpe)
-

(Tpc)
o —

(Tpe)
-+

trasDL

1

RAS
tcaspl tcasp1
>
CASxx \ ;
trwp
<—>‘
RD/WR % \
CS2or CS3 (High)

Figure 16.32 DRAM CAS-Before-RAS Refresh Cycle (TRAS 3, TPC=2)
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RAS ( 7

tcasp1 )) ‘iC’ASDl
CASxx ()() 7_
trwD
M (
RD/WR

(
7 \
L ((

Figure 16.33 DRAM Self-Refresh Cycle (TPG: 0)
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16.3.7 Synchronous DRAM Timing

Tr Tcl TcZ (Tpc) ‘
CKIo /_\_%_\_7[_\_7/“
_/

tAD tAD

A25-A16 ‘_gﬁ Row address >k
tAD tap taD
| 4—»1 4—»1

Al12 or A10 >< Row Read A
address /| command /
tap taD tAp
| |
A15-A0 Row
>< address Column address >k
tesp1 tesp
—p
CSn K

trwp trwD
4—»‘ H‘
RD/WR _% NR
trasD2 tRasD2
s L}V
tcasp2 tcasp2
|—p>|
CAS tbomp L ]Z tbomp
[—
DQMxx :§R AZ

trps2 |IRDH2

>
D31-DO jﬁ

tesp tesp

CKE (High)

Figure 16.34 Synchronous DRAM Read Bus Cycle (RCB 0, CAS Latency=1, TPC=
0)
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CKIO

A25-A16

Al2
or A10

A15-A0

RD/WR

RAS

CAS

DQMxx

D31-D0

CKE

T Trw | Trw Tea Tew Ta1 (Tpc) |
tAD tAD
o
4§< Row address >k
tap tap tap
> >
Row address ﬁ/ Read AW
command
tAD tAD tAD
o
4% Row address “gﬁ Column address
tesp tespi
trwD trwD
:_;Z S N
trasp2 | tRAsD2
tcasp2 | tcasp2

R

tbomp tbomb
trps2| tRDH2
"_’j
tgsp tgsp

(High)

(Tpc) -

:

Figure 16.35 Synchronous DRAM Read Bus Cycle (RCB 2, CAS Latency= 2, TPC=

1)
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»

A

T Ter  Te2/Tar TealTa2 TealTazs Taa (Tpe) | (Tpe) |

CKIO J{A_D\_/Z_\_/Z_\_]Z_\_]Z_\_/r\_/

A25-A16 ’gﬁ Row address

tAD taAD taD tap
A12 ’ﬂﬁ A
Row Read A
or A10 address ‘ Read command commandv
tap tap tap
(]
A15-A0 ‘%a d%‘:gs% Column address (1-4) >< >
tesp1 tespa
CSn
trwD trwp
i il
RD/WR _% %

trasp2 | tRASD2

w N

tcasp2 tcasp2
CAS tbomp \ : tbomp
[
DQMxx :gﬁ JZ
tros2 | tRDH2 trps2 | tRDH2
> -
D31-D0 ]Li
tesp tgsp
- -
s L —
CKE (High)

Figure 16.36 Synchronous DRAM Read Bus Cycle (Burst Read (Single Read),
RCD =0, CAS Latency=1, TPC=1)
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Tr Trw Tcl Tc2 Tc3 Tc4/le Td2 Td3 Td4 (Tpc)‘

< »l »le »la »la i »la »l »
CKIO [_\_7[_\_7[_\_7 [_\_7
_]
tAD tAD
A25-A16 4_;< Row address ‘;<
tao  |tap [taD tap | taD
- «>
A12 or A10 Row Read command V
tap  |tap tap
]

A15-A0 ><ade,?;“ss % Column address (1-4) >
\

tesp

RD/WR

&
>
|
S ﬁt
o

trasD2|tRASD2

tcasp2 tcasp2
s 1 )
tbomp tbomp
-
DQMxx ‘#
trps2 | tRDH2 tros2| tRDH2
> .
D31-D0
tgsp tgsp
BS
CKE (High)

Figure 16.37 Synchronous DRAM Read Bus Cycle (Burst Read (Single Read),
RCD =1, CAS Latency= 3, TPC=0)
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CKIO

A25-A16

Al12 or A10

A15-A0

|

O
()
>

RD/WR

DQMxx

D31-D0

CKE

P r e o @) (P9
«—>
Row address
tap tap tap
Row address Z Write A X
7 command \
tAD tAD tAD
> -«
Column
>< Row address address
tesp tesp
trRwpD trRwD trwp
trasD2 trasD2
tcasp2 tcasp2
tbomp tbomp
twop2 twpH2
BSD tesp

Figure 16.38 Synchronous DRAM Write Bus Cycle (RCD= 0, TPC= 0, TRWL = 0)
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Tr Trw | Trw Tcl (Trwl) | (Trwl) | (Tpc) | (Tpc) |
Ko JF\J%F\JM
tap tap
A25-A16 4% Row address
tap tap tap tap
= e o 4—»{
Row _|/ Z Write A
Al12 or A10 ><address 7 command%
tap taD tap tap
[ [ e
Row Column
A15-A0 >< address | address>k
tcsp1 tespr
[
CSn _XK
trRwD trRwD trwD
4—»‘ o =
ROWR | f Lﬁ
trasp2 | lRAsD2

RAS tcaspz  |lcaspz
o
CAS F

4—%
DQMxx W %

twop2z | twpH2

—
lw)
Q
<
v}

—
lw)
Q
<
lw)

aE

T

D3-D0
tesp tesp
5 R
CKE (High)

Figure 16.39 Synchronous DRAM Write Bus Cycle (RCD= 2, TPC=1, TRWL = 1)
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T

_ (Trwl) (Tpc)

»! »le
>

C
-
3
%

—
>
)

A

>

tap

command

Write A
command

—
>
O

[knl

Column address (1-4) ><

tcsp1

ATQ

CKIO _7
A25—-A16 %Row address
tap tap
A12 or A0 ad%?;{ﬁi Write
I
tap taD
] Row
A15-A0 ] ; < address
tcsp1
CSn :gﬁ
trRwD trwD
-
RD/WR _%
trasp2 | tRASD2

CAS

DQMxx

D31-D0

L

trwD

8

tcasp2 tcasD2
o
tbomp <t_D>QMD
% y
twpp2 | twbp2 MDHZ
)
tBLD

—
[vy]
0N —
O

CKE

(High)

Figure 16.40 Synchronous DRAM Write Bus Cycle (Burst Mode (Single Write 4),
RCD =0, TPC=1, TRWL =0)
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CKIO _j‘ ;Z_\_;E_\_;E_\_;E_\_;E_\_;E_\_;E_\_}[_

tAD taAD
-
A25-A16 Row address 4_;<
tap | tap taD taD

- -
Row . ]
A12 or A10 address % Write command Write A%
command

tap tAD ta
-
Row
A15-A0 *address Column address (1-4) >< T%

lesp1 tespl
CSn :q:
trwp trwp trRwD

<—>‘ |t P
RD/WR #\ %

trasp2 | trasD2

-
-
tcasp2 tcasD2
- |t
CAS %‘ V4
tbomp tbomp
-
oaws 7 .
twpp2 |twbp2 twDH?2
-
pa1-00 XX
tBsD tesp
-]
BS o+
CKE (High)

Figure 16.41 Synchronous DRAM Write Bus Cycle (Burst Mode (Single Write 4),
RCD =1, TPC=0, TRWL =0)

469
HITACHI




Trr Trw Trrw (Tpe) (Tpc)

< e 3l yle ol >
CKIO /
CKE (High)
tespe tespa
[ [
csn _\ _71
trasD2 trasD2
[ [
RAS _Xx—jz
tcasp2 tcasp2
> [
CAS _XK —Z
trwD
>

RD/WR %

Figure 16.42 Synchronous DRAM Auto-Refresh Cycle (TRAS 1, TPC=1)
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Trst  (Trs2) (Trs2)  Trs3

CKIO JZ_\_;M

tckep tekep

(Tpc)

P

(Tpc)

CKE N

N
A~

tesp tesp

o)
3
J

trasp2 | trAsD2

tcasp2 | tcaspz

T (—33
CAS

trwD trwD

%
)

RD/WR

Figure 16.43 Synchronous DRAM Self-Refresh Cycle (TPE 0)
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Trpr  Trp2 Trp3 ‘ Trpa  Twwr  Twmwe | Tvwa  Tmwa |
cKio F\JW\JF\J
_/
taD f_/;D taD
- (-
Al13 or A1l 7
R
tap tap tap tap tap
] ]
A12 or A10 _7F V
] \ \
tap taD taD
Al1-A2
or A9-A2
tcspa tespa
[
CSn :gﬁ 7% ;
trwp  |tRWD trwD
4—" [
RD/WR jl «gﬁ % \
traspz | trASD2 trasp2  |tRASD2
RAS
tcasp2 |tcasp2
CASxx

D31-D0 —( —

CKE (High)

Figure 16.44 Synchronous DRAM Mode Register Write Cycle
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16.3.8 Pseudo-SRAM Timing

Tr Tcl Tcz (Tpc) ‘
cKio / \ / \ / \ Z_\_J/i
_/ N/ N/ N/
tao |las tap
-« :‘: L [
A25-A0 ><
ERW‘[‘)‘ tRWS‘ trwD
RD/WR -><
e
—
tcep tcep | tRwH
gﬁ /
CE 7
ey
—
toep toep | tRwH
> -t -
OE/RFSH * 7
(read) I F:?_Hl
trDs1
>
D31-D0
(read) k .
AH
>
twep tWED tRwH
WEn —\ S E—
write /
( ) twps - tqus
o gl
twpb2 twpH1
D31-D0
(write)
tesp tgsp

w L

Figure 16.45 Pseudo-SRAM Bus Cycle (RCB 0, A3W =1, TPC=0)
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Tr Trw Tcl Tclw | Tclw Tc2 (Tpc)

< »le »le »la »le »le »
CKIO ﬂdﬁ\_iﬂ W Z_\f
_/ N_/ N_/
taD [tas taD
«>le—> ]
A25-A0 *
tR‘WD‘ trws trwD
RD/WR * ‘—ﬂ<
tAH
tcep
™ tcep | tRwH
CE x{ 7Z
taH
la| >
toep toep | | tRWH
| <
. /
OE/RFSH /
(read) _»qt_RDHl
trDs1
[
D31-D0 )
(read) |
taH
\dl
twep tV\(ED thyH
WEn ‘ :
write
( ) twps / tWDHS
twpp2 tv\‘,DHl
D31-D0O
(write)
tgsp tgsp
BS

Figure 16.46 Pseudo-SRAM Read Cycle (RCB 1, A3W = 3, TPC=0)
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T Taa Tz Ta | Te2 | T | Tz T T2 (Tpe) |
w L Wﬂ N\ r\j
cKio 7 " T L
tap|tas tap
| [
A25-A4 <:
tap
-
o 4 X x
frwp |lRws tRwp
) [
RD/WR <
t
1
tcep tcep rtR NH
CE %
tAH
toep |toep |tas toep | toep| [tRwH
OE/RFSH
(read)
_ «ERDHl 4£RDH1
trRps1 trRDs1
D31-DO0 [ t:_
(read) | |
tAH
T
twep | twep |tas tWI‘ED twep | |tRwH
i) M 1:
(write)
twps twpH3 twpH3
—»‘ <—>‘
twob2 twop2 twoH1
- -
D31-D0 >< ><
(write)
tesp |[tBsD tesp |tBsD

BS gﬁ ;Z \ / \ / gﬁ %

Figure 16.47 Pseudo-SRAM Bus Cycle (Static Column Mode, RCB0, A3W =1,
TPC =0)
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T Trw Te1 Tew Te2 Tea Teaw | Te2 (Tpc) | (Tpc) |

ol - - o - . - .
cKio jﬂmﬂuwﬂuﬂuwﬂuw
tA? tAS tAD
A25-A4
tap| tas
A3-A0
trwp|fRws trwD
RD/WR <:
A
tcep tcep| | tRwH
CE gﬁ
ff“g.
toep toep |toep toep | tRwH
OE/RFSH Qﬁ \ /
(read) 7% N
tF‘eDHl tRDH1
trRDs1 trDs1
[
D31-D0
(read) .
AH
angd
tRwH
twep tWF‘ED twep twep
_ [
WEn E
(write) twps twpH3 twpH3
‘ <—>1 <—>1
twpb2 twpp2 twpH1
D31-DO
(write)
tgsp |iBsD tgsp | iBsD

Figure 16.48 Pseudo-SRAM Bus Cycle (Static Column Mode, RCB1, A3W = 2,
TPC=1)
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TRc Ter TRrZ (Tpc)

CE (High) \\

toep toep

> >
OE/RFSH % %Z

Figure 16.49 Pseudo-SRAM Auto-Refresh Cycle (TRAS 1, TPC=1)

Tre Trr1 Triw Triw Tre2 (Tpe) (Tpe)
CE
(High)
toep toep

OE/RFSH gﬁ *;g

Figure 16.50 Pseudo-SRAM Auto-Refresh Cycle (TRAS 2, TPC=1)

Trr1 Tsrz  (Tpd)  (Tpo)
)
togp (HiIg) toep

OE/RFSH gﬁ *;Z
(S §(

) U

Figure 16.51 Pseudo-SRAM Self-Refresh Cycle (TPE0)
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16.3.9

PCMCIA Timing

Tpcml Tpcm2
CKIO 7Z x: 7Z X: 7Z
tAD tAD
tesp tcsp
o S
trwD trRwD
<«
trsp trsp
-«
RD
(read) % tRDHL
trDs1
D15-D0
(read)
twep twep
-« >
WEH1
(write) % 77 woHs
- g
twob1 twpH1
D15-D0
(write)
tesp tesp
BS

Figure 16.52 PCMCIA Memory Bus Cycle (TED= 0, TEH = 0, No Wait)
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TpcmO ‘ TpcmOw Tpcml

»lat

Tpcmlw Tpcmlw Tpcm2 ‘ Tpcm2w

A
A

taD tap
[
A25-A0 A_% >k:
tcspr j&sm
CExx ‘_§< >k:
trwD trwD
—|
RD/WR ‘g{ %
o trspD trsD
RD —
(read)
tRDH1L
trDs1
|—
D15-D0
(read)
twep twebp1

[ |
WE1 %
(write) /" twpHa
tWDDl D J— tWDHl
D15-D0
(write)

tesp tgsp

BS

twrs | twrH twrs| twrh

" TR

Figure 16.53 PCMCIA Memory Bus Cycle (TED= 2, TEH = 1, 1 Wait, External Wait)
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Tpcml Tpcm2 Tpcml Tpcm2 Tpcml ‘ Tpcm2 ‘ Tpcml ‘ Tpcm2
A a2 YN avavavay
N N T N
tap tap
-y ’a
tap tap taD tap
) I ——
tespa tcspa
CExx
trwD trwD
>
RD/WR NR;
trsp  |tRsp  [trRsD trsD

R |~
(read)

tRDH1 tRDH1
“
trps1 trRos1
- |
D15-D0 >
(read)
tgsp tssp  |lBsD tgsp
BS

Note: Even though burst mode is set, write cycle operation is the same as in normal mode.

Figure 16.54 PCMCIA Memory Bus Cycle (Burst Read, TED= 0, TEH = 0, No Wait)
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Tpcmo Tpcml Tpcmlw Tpcmlw Tpcmlw Tpcm2 Tpcml Tpcmlw Tpcm2 Tpcm2w

p e ol e e e e e e e .
cKIo Z_\_/ﬂ %F\Jﬂ & F\Jﬂ\j—\f_\
y \_/ N NS
taD taD
A25-A4 ] 4_;{
taD tap tap
A3-A0 4_;{
tespr tcspr
CExx j<
trwD trwpD
~ -
RD/WR JZ k
trsp trsp | trsD trsp
| [
RD \
(read) |l RoHL |l [RoHL
trRos1 trps1
D15-D0
(read)
tgsp tsp tesp tesp
BS % % twrs | twrh
e
twrs tWTI—‘i tWTS‘ tV!TH
WAIT \ 7\
A A b 7

Note: Even though burst mode is set, the write cycle operation is the same as in normal

mode.

Figure 16.55 PCMCIA Memory Bus Cycle (Burst Read, TED= 1, TEH = 1, 2 Waits,
Burst Pitch = 3)
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Tpeia Theiz
cwo X A \
tAD tAD
|
A25-A0 % >k
tespi tespr
|
CExx g& >k
trwD trwD
RD/WR % %
ticrsp ticrsp
> —|
ICIORD
(read) .
RDH1
trps1
D15-D0
(read)
ticwsp ticwsp
<
ICIOWR
(write) t
WDH4
twpp1 twoH1
«— >
D15-D0
(write) % >—
tesp tgsp

Figure 16.56 PCMCIA 1/O Bus Cycle (TED= 0, TEH = 0, No Wait)
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TpciO Tmew ‘ Tpcil ‘ Tpcilw Tpcilw TpCIZ ‘ Tpci2w
cKIo jZ_\Jr\JﬂRJF\J‘ X7 \_7%_\_71_
tap tap
|
A25-A0 ‘_% >k:
tespl tespa
|
CExx >k:
trwp trwD
|
RD/WR ‘_gﬁ >‘<
ticrsD ticrsp
ICIORD
(read)
tRDH1
> |
tros1
D15-D0
(read)
ticwsp ticwsp
ICIOWR
(write) twpH4
tWDDl tWDHl
[
D15-D0
(write) — |
tgsp tesp
BS twrs| twTH
twrs twrH| [«>>
WAIT % %J:ﬂ j?z‘ X ooz
tioies |tio1eH

[
I0IST6 7 A; *jf 7 7 g

Figure 16.57 PCMCIA I/O Bus Cycle (TED= 2, TEH = 1, 1 Wait, External Wait)
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TpciO Tpcil Tpcilw Tpci2 Tpcil Tpcilw Tpci2 ‘ Tpci2w
CKIO _7[_\_7 N N N/ \_7[_\_7 JZ_\JZ_
taD taD
A25-A4 i_;< ‘_;{
tap tap tap
[
o X v
tesp tesp tespl
CExx 4_;{
trwD trwD
ticrsD ticrsp |ticrsD ticrsp
- =
ICIORD |
(read)
tRDH1 tRDH1
> <
tros1 trps1
) [
D15-D0
(read)
ticwsp ticwsp ticwsp ticwsp
ICIOWR ‘ —
(write)
twpH3 twpHa4
] -~
twbb1 twbp2 twpH1
|
D15-D0
(write)
tgsp tgsp tesp tgsp
[ |
BS
WTs |twTH twrs |twTH
tioies |tioieH

~y}
1—<]

01516 7 K

Figure 16.58 PCMCIA 1/0 Bus Cycle (TED= 1, TEH = 1, 1 Wait, Bus Sizing)
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16.3.10 Peripheral Module Signal Timing

Table 16.11 Peripheral Module Signal Timing (Conditions: \o.¢c = 3.3+ 0.3V, Ta=0to

75°C)
-15 -30 -60

Module Item Symbol Min Max Min Max Min Max Unit Figure
TMU, Timer input setup time  tc ks 20 — 15 — 12 — ns 16.54,
RTC Timer clock input setup tcks 20 — 15 — 12 — ns 1655

time

Timer clock;Single edge trckwy 1.5 — 15 — 15 — tcyc

pulse Width;Both edges trckwe 25 — 25 — 25 — tecyc

Oscillation settling time trosc — 3 — 3 — 3 S 16.61
SCI Input clock cycle; tscyc 4 — 4 — 4 — tcyc 16.62—

Asynchronous 16.64

synchronous 6 — 6 — 6 — tcyc

Input clock rise time tsckr — 15 — 15 — 1.5 tcyc

Input clock fall time tscks — 15 — 15 — 15 tcyc

Input clock pulse width tgckw 04 06 04 06 04 0.6 tscy

c

Transmit data delay trxp — 100 — 100 — 100 ns

time

Receive data setup trRxs 100 — 100 — 100 — ns

time (synchronous)

Receive; Clock input  trxn 100 — 100 — 100 — ns

data hold time (syn- tris 0 — 0 — 0 — ns

chronous);C|0Ck output
Port Output data delay time tporrp — 20 — 17 — 15 ns

Input data setup time  tporTs 20 — 15 — 12 — ns

Input data hold time tPORTH 100 — 8 — 5 — ns
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cko /N N\

trciks
TCLK
(input)
Figure 16.59 TCLK Input Timing (1)
trcks
CKIO M & 1‘

trcks

TCLK s i
(input) g

trekw . tTCKWH R

= g o

Figure 16.60 TCLK Input Timing (2)

Stable
oscillation

“esatan LT NN N S

{ ))
Veemin t
VCC P ROSC >

|‘

Figure 16.61 RTC Crystal Oscillator Power-On Oscillation Settling Time

tsckw tsckr tsckF
—» -«
SCK
tScyc

Figure 16.62 SCK Input Clock Timing
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tScyc

N
trxp
TxD
(data trans-
mission) ><t Tt >< ><
RX RXH
RxD h ‘—:
(data X XA ¥ X
reception)

Figure 16.63 Synchronous Mode SCI Input/Output Timing

TN

]
tporTs | | tPORTH
PORT 7- ﬂ
PORT 0
(read)
tPoRTD
PORT 7- am—
PORT O

(write)

Figure 16.64

16.3.11 AC Characteristics Test Con

ditions

I/0 Port Input/Output Timing

* Input/output signal reference level: 1.5 Vd¥=3.3%£ 0.3 V).

* Input pulse level: ¥sto 3.0 V (wherRESET, BREQ, NMI, IRL3-IRL0O, CKIO, MD5—

MDO are \Vssto Vo).
e Input rise/fall time: 1 ns
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loL

LSI output pin DUT output

CL VREF

lon

Notes: 1. C, is the total capacitance including the test jig probe, as shown below:
2. 30 pF: CKIO, RAS, CASxx, CSO-CS6, CE2A, CE2B, BACK
50 pF: All other pins
loL and lpy are the values shown in table 17.3

Figure 16.65 Output Load Circuit
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Section 17 Electrical Characteristics
(-SH7708R-)

17.1  Absolute Maximum Ratings

Table 17.1 Absolute Maximum Ratings

Iltem Symbol Ratings Units
Power supply voltage Vee -0.3t0 4.6 \%
Input voltage Vin -0.3t0 Ve +0.3 \Y,
Operating temperature Topr —20t0 75 °C
Storage temperature Tstr -551t0 125 °C

Note: Operating the SH7708 Series above maximum ratings can damage or destroy it.
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17.2 DC Characteristics

Table 17.2 DC Characteristics (Ta = —20 to 75°C)

Iltem SymbolMin Typ Max UnitRemarks
Power supply voltage Ve 3.15 3.3 36 V  In normal operation, sleep
mode, and standby mode
Current  Normal operation | — 120** 200*" mMA V. =33V
*1 lg = 100 MHz
Bg =50 MHz
In sleep mode — 75* 100 ¥ *2 Bg = 60 MHz
Pg =30 MHz
In standby mode — 0.1 1% mA *3 V. =3.3V/Ta=30°C
Input RESET, NMI VIH Vee X0.9— Ve +0.3V
voltage  BREQ, IRL3-IRLO, Ve — 05— Ve +0.3 Standby mode
MD5-MDO Vee - 0.7 — Ve + 0.3 Normal operation
EXTAL, CKIO Vec—07—  Vec+0.3
Other input pins 2.0 — Vce +0.3
RESET, NMI VIL -0.3 — Vee x0.1
BREQ, IRL3-IRLO, -0.3 — 0.5 Standby mode
MD5-MDO -0.3 — Ve X 0.2 Normal operation
Other input pins -0.3 — Ve x 0.2
Input leak All input pins [lin] — — 1.0 MA Vi, =05t0V.,.—-05V
current
Three- 1/0, output, all pins |lsti| — — 1.0 MA Vi, =05t0V,.-05V
state leak (off condition)
current
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Table 17.2 DC Characteristics (Ta = —20 to 7&) (cont)

Iltem SymbolMin Typ Max Unit Remarks

Output All output pins VOH 2.4 — — \% Vee =315,

voltage IOH =-200 pA

2.0 —_— —_— VCC:3'15 V,
IOH=-2mA
VOL — — 0.55 Vec =36V,

IOL=1.6 mA

Pull-up Port pins Rpull 30 60 120 kQ

resistance

Terminal  All pins C — — 20 pF

capaci-

tance

Notes: 1. Regardless of whether PLL or RTC is used, connect Vcc(PLL), Vcc(RTC) to V¢, and
Vss(PLL), Vss(RTC) to Vss.

2. Current condition is VIH min = Vec — 0.5V, VIL max = 0.5 V, and all output pins
unloaded.

Table 17.3 Permissible Output Current Values (\.c = 3.3 £ 0.3 V, Ta = -20 to 75°C)

Iltem Symbol Min Typ Max Unit
Permissible output low current (per pin) IOL — — 2.0 mA
Permissible output low current (total) >I0L — — 120
Permissible output high current (per pin) —IOH — — 2.0
Permissible output high current (total) > (-IOH) — — 40

Note: To ensure reliability, output current must not exceed the maximum values listed.

17.3 AC Characteristics

Input for the LSI should, as a rule, be clock synchronous. Keep to the setup and hold times for
each input signal unless otherwise directed.

Table 17.4 LSI Clock Values (Ta = —20 to 75°C)

Iltem Symbol Unit
Operating CPU, cache, TLB f 100 MHz
frequency External bus 60

Peripheral modules 33.3
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17.3.1 Clock Timing

Table 17.5 Clock Timing (Vcc = 3.15A-3.6 V, Ta = =20 to 7&, Maximum External
Bus Operating Frequency: 60 MHz)

Item Symbol Min Max Unit Figure

EXTAL clock input frequency fEX 5 60 MHz 17.1

EXTAL clock input cycle time tEXcyc 16.7 200 ns

EXTAL clock input low-level pulse width tEXL 4lor102 — ns

EXTAL clock input high-level pulse width tEXH 4lor102 — ns

EXTAL clock input rise time tEXR — 2 ns

EXTAL clock input fall time tEXF — 2 ns

CKIO clock frequency (input) fcki 16 60 MHz 17.2

CKIO clock cycle time (input) tCKlicyc 16.7 62.5 ns

CKIO clock low-level pulse width (input) tcKIL 4 — ns

CKIO clock high-level pulse width (input) tCKIH 4 — ns

CKIO clock rise time (input) tCKIR — 2 ns

CKIO clock fall time (input) tCKIF — 2 ns

CKIO clock output frequency (output) fop 16 60 MHz 17.3

CKIO clock cycle time (output) teye 16.7 62.5 ns

CKIO clock low-level pulse width (output) tckoL 3 — ns

CKIO clock high-level pulse width (output) tCKOH 3 — ns

CKIO clock rise time (output) tCKOR — 5 ns

CKIO clock fall time (output) tCKOF — 5 ns

Power-on oscillation settling time tosci 10 — ms 17.4

Power-on oscillation settling time/mode setting tOSCMD 10 — ms

BREQ reset hold time {BREQRH O — ns

RESET set-up time tRESS 20 — ns

BREQ set-up time tBREQS 20 — ns

MD reset hold time t{MDRH 20 — ns

Reset assert time tRESW 20 — tcyc 17.4,
17.5,
17.11

Standby return oscillation settling time 1 tosc? 10 — ms 17.5

Standby return oscillation settling time 2 toscs 10 — ms 17.6

Standby return oscillation settling time 3 tosca 1 — ms 17.7

PLL synchronization settling time tpLL 100 — us 17.8,
17.9,
17.10

IRL interrupt decision time (using RTC and in tIRLSTB 100 — us 17.10

standby mode)

Notes: 1. PLL circuit 2 in operation.
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2. IPLL circuit 2 not in operation.

tExceyc
EXTAL* DT I P~ TR
(input)
1/2 Ve Vi Vi X
; Vi
texrF
—»

Note: The clock input from the EXTAL pin.

Figure 17.1 EXTAL Clock Input Timing

tCKlgye
tekin tekie
-« » |« >
CKIO
(input)
Vi ViH
12 Vee £ ViH £1/2 vV,
/ X_VlL ViL A e
tekie tekir
— —

Figure 17.2 CKIO Clock Input Timing

< tcyc -
tckoH . tekoL
CKIO
output \Y N |V V
(output) 12V IH x OH OH7 U2Vee
VoL VoL /1
»l lg [CKOF ] tckor

Figure 17.3 CKIO Clock Output Timing
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Stable oscillation

(C

/A AV AR VAN

Vee Vee min /
ce lResw [lREsS
tosc1 > >
RESET ) :Z
(( ¢ t
« § BREQS
« « tBREQRH
_ /7 ))
BREQ %
toscmp .
tMDRH
S(} — [-—
MDO-MD2

((
))

Note: Oscillation settling time when built-in oscillator is used

Figure 17.4 Power-On Oscillation Settling Time

Standby Stable oscillation

—»

. A\V/AW

tRESW

v

tosc2

A

vy

RES \

A
~
I
<~

Note: Oscillation settling time when built-in oscillator is used

Figure 17.5 Standby Return Oscillation Settling Time (Return by RESET)
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Standby Stable oscillation
—>

CKIO, "
internal
clock

toscs

A

N
<~

NMI

NIEN
<~

Note: Oscillation settling time when built-in oscillator is used

Figure 17.6 Standby Return Oscillation Settling Time (Return by NMI)

Standby Stable oscillation

SR AVaVavaY

toscs

A

N
<~

Note: Oscillation settling time when built-in oscillator is used

Figure 17.7 Standby Return Oscillation Settling Time (Return bRL3-IRL0)
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Reset or NMI interrupt request

Stable input clock; Stable input clock

EXTAL input
or CKIO
input

PLL synchronization
B —

PLL synchronization

PLL output,
CKIO output

Internal clock/—\_/—\

— AR

STATUS O

((
STATUS 1 Normal >< Standby

|

|

|
(S T

|

i>< Normal
)L i

|

Note: PLL oscillation settling time when clock is input from EXTAL pin or CKIO pin

Figure 17.8 PLL Synchronization Settling Time in Case of Reset or NMI Interrupt

IRL (3-0) interrupt request
v
Stable input clock; | | Stable input clock
71 I T >
| | |

EXTAL input ! ! !
or CKIO input } | |

PLL synchronization | tRLSTB | tp L PLL synchronization

- -+, t+——————————————pla—————————p

I

T
I
I
I
I
|
|
( !
|
|
I
|
|
I
T

)
(

PLL output,
CKIO output

Internal clock

MU
v

Standby
)) ! ))
j (( ‘ ((

STATUS 0 Normal | ’
STATUS 1 orma

[
>< Normal
))

1 ‘

Note: PLL oscillation settling time when clock is input from EXTAL pin or CKIO pin

Figure 17.9 PLL Synchronization Settling Time in Case of IRL Interrupt
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EXTAL input or
on-chip
oscillator

output

|
CKOEN ‘\ / ¢
| |
‘ )

CKIO

|
|

Internalclock [ |\ [ |\ [ | ! f V) [\
| |

|
|
|
:
) |
PLL synchronization  tpy | PLL synchronization tpLL  PLL synchronization
- >
|
|

Note: PLL oscillation settling time when output clock is controlled by Clock Mode 0-2

Figure 17.10 PLL Synchronization Settling Time in Case of CKOEN Bit Manipulation
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17.3.2  Control Signal Timing

Table 17.6 Control Signal Timing (Mcc = 3.15-3.6 V, Ta=-20to + 7&)

_60*2
Iltem Symbol Min Max Unit Figure
RESET pulse width trESW 20 — tcyc 17.11, 17.13,
RESET setup time tress 23 — ns 17.15
RESET hold time trESH 2 — ns

BREQ setup time tsrREQS 12 — ns

BREQ hold time tBREQH 3 — ns

BREQ reset setup time tBREQRS 17 — ns

BREQ reset hold time tBREQRH 16 — ns

MD reset setup time tMDRS 20 — tecyc 17.12

MD reset hold time tMDRH 16 — ns

NMI setup time*1 tNMIS 15 — ns 17.13, 17.14
IRL3-IRLO setup time*! tirLs 10 — ns

NMI hold time tNMIH 4 — ns

IRL3-IRLO hold time tRLH 4 — ns

TRQOUT delay time tirQoD — 12 ns

BACK delay time teACKD — 12 ns 17.15, 17.16
STATUS1, STATUSO delay time  tgTp — 16 ns

Bus tri-state delay time 1 tROFF1 0 16 ns

Bus tri-state delay time 2 tsoFE2 0 16 ns

Bus buffer on time 1 tson1 0 16 ns

Bus buffer on time 2 teon2 0 16 ns

Notes: 1. RESET, NMI, and IRL3 to IRLO are asynchronous. Changes are detected at the clock
fall when the setup shown is used. When the setup cannot be used, detection can be
delayed until the next clock fall.

2. Upper limit of external bus clock is 60 MHz.
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CKIO

tress tReSS
P tRESW -
RESET N\
((
)
tBREQRS tBrREGS
tBREQRH
BREQ
((
2
Figure 17.11 Manual Reset Input Timing
RESET «
‘ tvDRs N
tMDRH
(C
))
MDO-MD5
« ii
U

Figure 17.12

Mode Input Timing
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- /% %\
_ lResH | lrRess _
N7~ ViH
RESET
% Vi
tNMIH tamis
X/ Vi
NMI
—% Vie
tRLH tirLs
A ViH
IRL3-IRLO
7% Vi
Figure 17.13 Interrupt Signal Input Timing
CKIO
tirQoD tirooD
IRQOUT ((
Figure 17.14 TRQOUT Timing
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tereQH (IBREQS tereEQH | tBREQS
e \
(C (
27 t T ) t
BACKD BACKD
(« %;[—
27 T
55
tBoFF2 tonz
(( {—
17 / : «
« f 27
” tsoFF1 ton1

NS
<~

= 5

NEN
<~

NN
<~

Figure 17.15 Bus Release Timing
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Normal mode, Standby mode Normal mode

o JWMM

4
4
Y

tstp tstp
\ '\
STATUS 0
STATUS 1
\0
o L tBoFF2 tBonz
RD, RD/WR -~ >

([@]j=s]
wn| >
E{17
<o
>
0ol
=

BS tBOFF1 tBon1

A25-A0,
D31-D0O

v
—

—~
=

Figure 17.16 Pin Drive Timing for Standby Mode

502
HITACHI




17.3.3 AC Bus Timing Specifications

Table 17.7 Bus Timing (Conditions: Clock Mode 0/1/2/7, ¥c = 3.15-3.6 V, Ta = =20 to

75°C)
—-60**

Iltem Symbol Min Max Unit Figure
Address delay time taD 15 13 ns 17.17-17.58
Address setup time tas 0 — ns
Address hold time taH 0 — ns
BS delay time tesp — 12 ns
CS delay time 1 tcspl 1.5 12 ns
CS delay time 2 tespe — 12 ns
Read write delay time trRwD 15 12 ns
Read write setup time trRws 0 — ns
Read write hold time tRWH 0 — ns
Read strobe delay time trRsp — 12 ns
Read data setup time 1 trps1 12 — ns
Read data setup time 2 trRDS2 8 — ns
Read data hold time 1 tRDH1 0 — ns
Read data hold time 2 tRDH2 3 — ns
Write enable delay time tweDp — 12 ns
Write data delay time 1 twbb1 — 15 ns
Write data delay time 2 twbb2 — 13 ns
Write data setup time twbs 0 — ns
Write data hold time 1 twpH1 0 — ns
Write data hold time 2 twbH2 15 — ns
Write data hold time 3 twoH3 0 — ns
Write data hold time 4 twpH4 0 — ns
WAIT setup time** twrs 12 — ns
WAIT hold time*? twTH 4 — ns
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Table 17.7 Bus Timing (Conditions: Clock Mode 0/1/2/7, ¥c = 3.15-3.6 V, Ta = —-20 to
75°C) (cont)

_60*1

Iltem Symbol Min Max Unit Figure
RAS delay time 1 trasSDIL — 13 ns 17.23-17.44
RAS delay time 2 trasD2 1.5 13 ns

CAS delay time 1 tcasDl — 13 ns

CAS delay time 2 tcaspz 1.5 13 ns

DQM delay time toomp 1.5 12 ns

CKE delay time tckep — 12 ns

CE delay time tcep — 13 ns 17.45-17.51
OE, RFSH delay time toen — 13 ns

ICIORD delay time ticrsD — 12 ns 17.56-17.58
ICIOWR delay time ticwsp — 12 ns

TOIS16 setup time tioles 12 — ns

1OIS16 hold time tio16H 4 — ns

Notes 1. Upper limit of external bus clock is 60 MHz.

2. WAIT is a synchronous signal. Operation cannot be guaranteed if the setup and hold
times shown here are not observed.
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Table 17.8 Bus Timing (Conditions: Clock Mode 3/4, ¥c = 3.15-3.6 V, Ta = -20 to

75°C)

Item Symbol Min Max Unit Figure
Address delay time tap 1.5 20 ns 17.17-17.58
Address setup time tas 0 — ns
Address hold time tAH 20 — ns
BS delay time tasp — 19 ns
CS delay time 1 tespl 1.5 19 ns
CS delay time 2 tespe — 20 ns
Read write delay time trRwD 1.5 19 ns
Read write setup time trws 0 — ns
Read write hold time tRWH 0 — ns
Read strobe delay time trRsp — 20 ns
Read data setup time 1 trRDs1 12 — ns
Read data setup time 2 trRDS2 12 — ns
Read data hold time 1 tRDH1 — ns
Read data hold time 2 tRDH2 — ns
Write enable delay time tweD — 20 ns
Write data delay time 1 twop1 — 25 ns
Write data delay time 2 twbb2 — 19 ns
Write data setup time twbs — ns
Write data hold time 1 tWwbH1 — ns
Write data hold time 2 twDH2 1.5 — ns
Write data hold time 3 tWDH3 0 — ns
Write data hold time 4 tWwbH4 0 — ns
WAIT setup time twrs 12 — ns
WAIT hold time tWTH 8 — ns
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Table 17.8 Bus Timing (Conditions: Clock Mode 3/4, ¥c = 3.15-3.6xV, Ta = -20 to
75°C) (cont)

Iltem Symbol Min Max Unit Figure
RAS delay time 1 traSD1 — 20 ns 17.23-17.44
RAS delay time 2 traSD2 1.5 19 ns

CAS delay time 1 teasDl — 20 ns

CAS delay time 2 tcasD2 1.5 19 ns

DQM delay time tbomp 15 19 ns

CKE delay time tcKED — 19 ns

CE delay time tcen — 20 ns 17.45-17.51
OE, RFSH delay time toep — 20 ns

ICIORD delay time ticrsD — 20 ns 17.56-17.58
ICIOWR delay time ticwsp — 20 ns

101S16 setup time tioles 12 — ns

TOIS16 hold time tio16H 8 — ns
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17.3.4 Basic Timing

A\
A
Y

:
]
W

CKIO 7 : 7 : 7
tAD tAD
A25-A0 ><
tAH
< i »
tespl tcsp2 tRwH
CSn L _Z
tRDH1L
trwD <> | trwD
RDIWR %{ ><
tAH
< —»
trsp trsD tRwH
RD Z
(read) \ 7
tRDH1
-«
trDs1
«—»
D31-DO0
(read) _
tAH
twep ‘tWED tRwH
WEn |
(write) 7" twoHs |
< >
twpb1 twbH1
D31-D0
(write)
tgsp tgsp
BS

Figure 17.17 Basic Bus Cycle (No Wait)
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CKIO

A25-A0

0
2]
=]

RD/WR

(read)

D31-DO0
(read)

WEn
(write)

D31-DO0
(write)

WAIT

T

A
\ A

\ A

NP J
N

—

CSD2 ‘ tRwH

ol

tRDH1| | tRWD
|

trsD1 trsp | tRwH
l—> <« >le
7 tRDH1
]
tRDs1
t ; tAH
WEEl WED < >
—\ T tRWH
\ / twbH3 |
< >
twob1 twpH1
tesp tgsp
twrs | twTH

A 4

/]

(%

508

Figure 17.18 Basic Bus Cycle (1 Wait)
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CKIO

A25-A0

RD/WR

RD
(read)

D31-D0
(read)

WEn
(write)

D31-D0
(write)

T

\ 4

A

\ 4
A
A\ 4
A
\4

tAD tAD

tcspa tcspz | tRwH

Y
B
I A
A4 \ 4

—
ps)
g
w)
A
~ A
NN A

trRoH1| |RWD
trsp trsD tRWH
| <4<
tRDH1
[
trRos1
PG
«— >
twep twep | trwH

twop1 twoH
W :
tgsp tgsp

m twrs |twTH twrs | twrh

%L &;”ﬂl X

=y

Figure 17.19 Basic Bus Cycle (External Wait)
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17.3.5 Burst ROM Timing

CKIO

A3-A0

_<—>
A25-A4 :>

tespr tcsp2 | | tRwH
> >
-+ =
CSn 7‘
tRDH1
|
tRWD tRWD
4—»{ |
RD/WE jZ
] e
.
trsp | tRsD |laH. tl‘?SD trRsp tRWH‘

trDs
(|

tRDH1
-

—

tros1
>

D31-DO

2

|7

),

tgsp tgsp

[
ﬁm

tgsp

twrs

tgsp

Fan e

twTH

WAIT

A ez

4

Note: In the write cycle, the basic bus cycle is performed.

Figure 17.20 Burst ROM Bus Cycle (No Wait)
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T Tw  Tw o Tee | Ter | Tu | Tex | T2 <ST_2>
e e e e e T
CKIO JHU%L_\JHUHUL_\JH FUL;\

tap
_<—>
A25-A4 :> 55
tap
Rl
p-ro | f KL )
1/
taH
|
tesp2 | | tRwH

g
|¢§
_
——

tRDH1L
trwD trwD
> Yy
RD/WE jf >> .
— AH
trsp trsp taH| | tRsD trsp trsD | [tRwH
»le—> > ——>
RD %N
t tRDH1 tRDH1
‘.@Hl ‘4—
trDs1 trDs1
[ [
D31-DO k SB
tgsp | tBsD tsp tesp
= 1 ] 1 YR
twrs|twrH twrs| twrh
twrs [twTH twrs|twTH

WAIT jZ X@Z X% J X@- ¥ % » ‘W

Note: In the write cycle, the basic bus cycle is performed.

Figure 17.21 Burst ROM Bus Cycle (2 Waits)
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CKIO

A25-A4

A3-A0

|

@)
(92)
S

RD/WE

D31 to DO

Note:

T, Tw Tw Tgo Te1 Taw T
Iaiat Al aial
J T (-
tAD tAD
n taD
>
tAH
|t
tesp tespz | | tRwH
_"'_. %— i
tRDH1
tRWD ‘ tRWD
BN N
__% taH| - -
trsp tRSDl“ tAH‘ Eile trsD | tRwH
tRDH1 tRDH1
I+ ™
trDs1 trDs
> |
tesp tesp tgsp  |tBsD
twrs [twrH twrs [twth
twrs |twtH| | | twrs twrh| |
/7 X% % v XK//
7 N7

In the write cycle, the basic bus cycle is performed.

Figure 17.22 Burst ROM Bus Cycle (External Wait Input)
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17.3.6 DRAM Timing

P Ty o Te1 o Teo o (Tpc) J
CKIO 7Z X‘ 7[ X— 7[ BK 7
taD tap
[
A25 to A16 >k Row address
tAD‘ tas | tap tas
) > e >
I
Al15 to AO * Row address>< Column address ><
trRwD tan trwD
[ < » < >
RD/WR <
trASD1 trasp1| tRwH
_ \ /
RAS /
taH
tcaspl tcaspi|  |tRwH
> <>« »
\ /|
CASxx K 7
twps trDHL
< > — |
trDS1
-
D31-DO
(read)
lwpHs
o
twpD2 twoH1
< <>
D31-DO
(write)
tgsp tgsp
i—k}i_
BS
tespa tcspa
>
CS2 or CS3

Figure 17.23 DRAM Bus Cycle (RCD = 0, AnW =1, TPC = 0)
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T Trw Trw Tea Tew Te2 (Tpc) ‘ (Tpc)

« e e e e e . e
e ﬂmﬂ V2N aVava
_/ \_/ N/
tap taD
-
A25 to AL6 ‘% Row address ><
tap |tas tap | tas
»l » »l ;{
1
A15 to AO Row address * Column address ><
trwD taH trwD
» —1|
RD/WR <
A
trasD1 trasp1| [tRwH
e > >
RAS &i i
taH
tcasp1 tcaspi| | tRwH
e b
— /]
CASxx XK /
twps | L tRDH1
o trRps1
|
D31-D0
(read) k |
tWDD2 > tWDH3
| t
D31-DO WDRL
(write)
tgsp tgsp
|
BS tespr l____i; tcspr
—>| | s

CS2 or CS3

Figure 17.24 DRAM Bus Cycle (RCD = 2, AnW = 2, TPC = 1)
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Tea Te2 Te1 | Te2 | Tea | Te2 | Tea | Te2 (Tpc)‘
eKio i M\_ﬂhﬁmu[ \ 1%
tap
1 1
A25-A16 Row address
tas taD
Column ;< Column Column Column
Al5-A0 { |address address >< address >< address
trwD
-]
RD/WR ¥
trasD1| | tRWH
RAS X 7Z (
tAH
<>—>‘
I:CASDl tCASDl tCASDl tRWH
gl tcaspl >
CASxx Xx 7Z \_/_\_/_ _7[
twos tRDH1 tRDH1
le—> | — | f—
trRDs1 trps1
> [
D31-D0
(read) N— N
twons twpHs
[ 4
twob2 twpb2 twpH1
=
D31-DO >< ><
(write)
tgsp |lBsp
= (=
@ _m \_/ \;/
tespi tespi
(- L d
CS2 or CS3

Figure 17.25 DRAM Burst Bus Cycle (RCD = 0, AnW = 1, TPC = 0)
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Tt T Tl Tt ] Jow g Teo ) To ) Tow | Tez || (Tod |
CKIO —77 17 [ 7{ — L 77 A A }
tAD tAD
[ -]
A25-A16 :>§ Row address 7:
tap tAsI tap |tas tap
<>e>] <
e ‘=
A15-A0 J Row address - Column address Column address N
] t
tRwD | AH >
Dl <% trwp
RD/WR :>Z 7<
tRASD1 [« traspl (€ trwH
RAS N /I
\ / tAH
tcaspl tcaspbl <>
> > - tcaspr 4P| toyy
CASxx X— —Z \ -
twos v
o ™ [ tRoHL ™ [1¢ troH1
trDS1 trDs1
> PR
D31-DO
(read)
twop2 > twpH3 - twpH3
o twpp2 i twbpH1
D31-DO
(write)
tesp | tBsD
> rme
BS
tcspa tespa
CS2 or CS3

Figure 17.26 DRAM Burst Bus Cycle (RCD = 2, AnW = 2, TPC = 0)
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Tr Tcl TcZ (Tpc)
«— |- > >
CKIO 7Z A / X, y N /
_/ \__/ _/ _/
 lap tap
A25-A16 >* Row address §<
tap P tAS‘ t D tas _ taH _
A15-A0 >7 Row addrless>f Column address 7<
tRwp PULI | tRwH
i | tzwp
RD/WR >R /Y
trAsDL tRASD2
RAS 7K 7
tcasp1 tcaspl
CASxx *K_ *Z—
twps
- > trps2 | tRDH2
.
D31-DO
(read)
tWDDZ - > tWDH3
> | twpH1
D31-DO
(write)
tesp tasp
N <>
BS \
> tcspr tcspr
CS2 or CS3

Figure 17.27 DRAM Bus Cycle (EDO Mode, RCD =0, AnW =1, TPC = 0)
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CKIO 7n U U
tAD tAD
> |
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tAD‘ tas | tap tAS‘ tan
i V} |- T ! >
A15-A0 Row address >< Column address 7<
trwp | taH _ | tRwH
§< 7 “»|trwD
RD/WR 7<
trasD2
traSD1 [+ >
RAS _XY 7Z
tcasD1 tcaspl
] ]
CASxx XK 7[
t
VLDS trpsz | fRDH2
D31-DO
(read)
twpp2 <> twpH3
) > twoH1
D31-DO0 >
(write)
tesp tBsp
] )
BS \
<« tcsp1 tesp1
CS2 or CS3

Figure 17.28 DRAM Bus Cycle (EDO Mode, RCD =2, AnW =2, TPC = 1)

518
HITACHI




Tl el et T | Too g Tea | Tez | Tea ) Toz | (oo
CKIO ,DU, I A I ] o
tAD tAD
> <
A25-A16 ¥ Row addrgss 7<
tap |tas|taD tas -» < thy
>4 > > tap »>| |+ tay
A15-A0 /Row \/ [Column Column Column Column
addres: address| address address address|
trRwp
— *tRWH
i taH < trubd
RD/WR _>Z >7
t trASD2
RASD1 |¢p PR
RAS -~ /
RAS 7
tcasp1  tcaspi tcasp1  tcaspi
> |« > |
CASxx \l 71— _U
twos || trps2 || tRDH2
« ¥ PR PR trosz || MNP tromz
A DX DI
(read)
twop2 > -« twpH3 > < tywoHs
| «» twpp2 > twpHi
D31-D0 >< ><
(write)
tesp | tBsD
> rue
BS \
tespa tespa

CS2 or CS3

Figure 17.29 DRAM Burst Bus Cycle (EDO Mode, RCD = 0, AnW =1, TPC = 0)
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el T Tt Tow f (Tea | Toa ) Tow | Tez | (Too)
CKIO _L - ,K . A ) ,\,_,/
tAD tAD
«—r «—>r
A25-A16 7&’ Row address X<
tap tas tap |tas taD
4> < >i > ! <ty
T /
A15-A0 - | Row address —%  Column address Column address >r
t tAH
RWD |« > - - tay > < tRwH
o > trwd
RD/WR > —<
trASD2
tRASDL [« “«—>
_ \ /
RAS *R 7*
tcasp1 tcasp1 tcaspl
e > prd
CASxx - 7t \ VB
twps ‘
— RDS2[ebed tep,  trpsz [+ tromz
(i
(read)
tWDD2 —» *tWDHS — [ tWDH3
<+ <P tWDD2 <+ tWDHl
D31-D0
(write)
tesp | tBsD
BS
«»| lcsp <« tcsp
CS2 or CS3

Figure 17.30 DRAM Burst Bus Cycle (EDO Mode, RCD = 2, AnW = 2, TPC = 0)
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(Tpc)

CKIO 7
RAS
tCASDl tCASDl
>
CASxx J:
trwD
<—>‘
RD/WR % \

(High)
CS2or
CS3

Figure 17.31 DRAM CAS-Before-RAS Refresh Cycle (TRAS = 0, TPC = 0)

(Tpo) (Tpc)

Tre Trir | Trw | TRw | TRw | TRew | TRr2
-«

(Tpc)
e —

CKIO 7
trasDL
RAS
tcaspl tcasp1
CASxx
tRwD

:

CS2 or CS3 (High)

Figure 17.32 DRAM CAS-Before-RAS Refresh Cycle (TRAS = 3, TPC = 2)
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RAS ( 7

tcasp1 ) ‘i(iASDl

CASxx (( 7Z
- )
= ()()

RD/WR

(
7 \
__ ((

Figure 17.33 DRAM Self-Refresh Cycle (TPC = 0)
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17.3.7 Synchronous DRAM Timing

Tr Tcl Tc2 (Tpc) ‘
K10 /_\_ZZ_\_/Z_\_%_\_){_L
_/

tAD tAD

A25-A16 ‘_gﬁ Row address <§<
tAD tap taD
| 4—»1 4—»1

Al12 or A10 < Row Read A
address command
tap taD tap
|
A15-A0 Row
>< address Column address ‘_;<

tesp tesp

;
1

trwD trwD
4—»‘ 4—»‘
RD/WR _% %
trasD2 trRasD2
_<—>
RAS % ]Z
tcasp2 tcasp2
—p>|
CAS tbomp L ]Z tbomp
DQMxx tﬁﬁ ;Z

trps2 |IRDH2

>
D31-DO

tgsp tes

T

O

7
g

CKE (High)

Figure 17.34 Synchronous DRAM Read Bus Cycle (RCD = 0, CAS Latency = 1, TPC =
0)
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CKIO

A25-A16

Al2
or A10

A15-A0

RD/WR

RAS

CAS

DQMxx

D31-D0

CKE

T Trw | Trw Tea Tew Ta1 (Tpc) |
tAD tAD
4_;< Row address 4-;<
tap tap tap
> >
Row address % Read AV
command
tAD tAD tAD
4% Row address ‘gﬁ Column address 4%
tespi tcspa
trwD trwp
} <->-\_
trasp2 | tRAsD2
tcasp2 | tcasp2
tbomp tbomp
i 0
trps2| tRDH2
- .|
tgsp tgsp

(High)

(Tpc) -

AV

Figure 17.35 Synchronous DRAM Read Bus Cycle (RCD = 2, CAS Latency = 2, TPC =
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CKIO
—/

Taa

) (Tpc) R

TeolTar

Tea/Ta2 TealTaz

FALE N\ U\

tap

A25-A16 Row address ’gﬁ
taAD tap taD tap
A12 ‘ﬂﬁ =
Row Read A
or A0 address | Read command ommand .
taD tap taD
Il
A15-A0 %mﬁg% Column address (1—4)>< > %
tespl tespa
CSn
trwD trwD
7 i
RD/WR _%
trasp2 | tRASD2
s % | F
tcasp2 tcasp2
CAS tbomp \ tbomp
DQMxx %R ;Z
trps2 | tRDH2 trps2 | tRDH2
-
D31-D0 ﬂ?ﬁ
tesp tgsp
s ! —
CKE (High)

(Too)

Figure 17.36 Synchronous DRAM Read Bus Cycle (Burst Read (Single Read),
RCD =0, CAS Latency = 1, TPC = 1)

HITACHI

525




Tr TI'W Tcl Tc2 Tc3 Tc4/le Td2 Td3 Td4 (Tpc) |

< »le »le »le »le »le »le »le

oo P L L

%5%

I
tap  |taD

==
A15-A0 ><a§§,?;"ss %F Column address (1-4) >

tAD
A25-A16 4_;< Row address
tap  |tap [taD tap | taD
s «>
A12 or A10 Rowy Read command V
taD
]

tcsp

trwb

RD/WR

trasD2|tRASD2

RAS \ ;

tcasp2 tcasp2
[
s { ¥
tbomp tbomp
>
DQMxx ‘\k
trps2 | tRDH2 trRos2| tRDH2
.
D31-D0
tgsp tgsp
BS
CKE (High)

Figure 17.37 Synchronous DRAM Read Bus Cycle (Burst Read (Single Read),
RCD =1, CAS Latency = 3, TPC = 0)
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CKIO

A25-A16

Al12 or A10

A15-A0

|

9]
[92)
=]

RD/WR

DQMxx

D31-D0

CKE

(High)

P Tr o Tcl o (Trwl) ~
Row address <_§<
tap tap tap
Write A X
Row address —Z
>< command \
tAD tAD tAD
Column
>< Row addr(:szgﬁ address <_;<
tesp1 tesp1
trRwpD trwD trwp
trasD2 trasD2
tcasp2 tcasp2
> -«
tbomp tbomp
twop2 twoH2
tgsp tesp

Figure 17.38 Synchronous DRAM Write Bus Cycle (RCD =0, TPC = 0, TRWL = 0)
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(Trvvl)

v
A

(Tpo)

v
A

(Tpo)

Tr Trw | Trw Tcl (Trwl) |
cxio 7Z_\_JF\JF\_/
taD
A25-A16 4% Row address
tap tap tap tap
= [~ [ 4—»{
Row _|/ Z Write A
Al2 or A10 >< address command |\
tap tap tap tap
[ [
Row Column
A15-A0 >< address | address
tcsp1 tesp1
[ I
CSn N 4
trwD trRwD trRwD
4—»‘ o
RD/WR j
trasp2 | tRAsD2
RAS tcasp2  |tcasp2
o o
CAS F /
tbomp  |tbomp
ﬂ ﬂ
DQMxx W %& %
twop2  |twpH2
D3-DO0 ‘ jﬁ
tesp tBsp
o
BS Uﬁ
CKE (High)

#5%

Figure 17.39 Synchronous DRAM Write Bus Cycle (RCD = 2, TPC = 1, TRWL = 1)
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Ty

tap

Write A
command

S

tesp1

NTQ

Te1 ‘
a0 N\ A\ A\ AN\
tap
_4—’
A25-A16 % Row address
tap tap
Al2 or A10 % ad?ﬁﬂi Write command
] I
taD taD
A15-A0 }< ad%?:'s% Column address (1-4) ><
tcsp1
CSn :gﬁ
trwp trwD
-
RD/WR j[
trasp2 | tRASD2

CAS

DQMxx

D31-D0

=

trwp

8

tcasD2 tcasp2
i
toomp Ibomp
\7 )
twopz | twop2 twpH2
XX
tBLD tBS‘D

-

CKE

(High)

Figure 17.40 Synchronous DRAM Write Bus Cycle (Burst Mode (Single Write 4),
RCD =0, TPC = 1, TRWL = 0)
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Tr TI’W Tcl Tcz Tc3 Tc4 (Trwl) (Tpc)
>l »

o A4\

A
v
A
Y
A
Y
A
Y
A
y
A
Y
; A
%U ?l
Y
Y

A25-A16 4% Row address
tap tap tap tap
[
A12 or A10 4§<a§§§§ss- % Write command W, A
command
taD taD t
A15-A0 4_;1<a;1?:ss Column address (1-4) >< T%

tcspr tcspr
CSn :%
trwD trwD trwp

-
RD/WR __% 4_1&

trasp2 | trasD2

ﬁ

[~
RAS M
tcasp2 tcasp2
- -
CAS %‘ 7
toomp tbomp
-
N i
twopz |twpp2 twoH2
4—7 -]
D31-DO \ S< >< ><
tssp tgsp
-]

BS j: 7

CKE (High)

Figure 17.41 Synchronous DRAM Write Bus Cycle (Burst Mode (Single Write 4),
RCD =1, TPC =0, TRWL = 0)
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CKIO

CKE

|

0
2]
=]

RAS

RD/WR

Trr TRw | Trrw (Tpe) | (Toe)
(High)
tespa tesp
[ >
T\ /
N Y/
trasD2 trasD2
[ >
T\ /
N Y/
tcasp2 tcasp2
[ [
T\ /
N
trwD
>

Figure 17.42 Synchronous DRAM Auto-Refresh Cycle (TRAS =1, TPC = 1)
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Trs1 (TRSZ) ‘ (TRSZ) Trs3 (Tpc) (Tpc)

CKIO —72_\—;2_\—;{_\—) =

tckep tckep

CKE N

N
A

tesp tespa

(@]
8
B

trasp2 | trASD2

tcasp2 | tcaspz

T ./—33
CAS

trwpD trwD

)
)

RD/WR

Figure 17.43 Synchronous DRAM Self-Refresh Cycle (TPC = 0)
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Trpr  Trp2 Trp3 | Trpa  Twwr  Tmw2z  Twwz  Tvws

« . e « . e e e N
cKio F\JT\JF\JF\JF\JF\JF\J
_/
taD taD taD
] <—>‘ |t
A13 or ALl 7
7 Xz
tap tap tap tap tap
] ]
A12 or A10 _7F V
] \ \
taD taD tap
Al1-A2
or A9-A2
tesp tesp
CSn Igﬁ ;Z ;
trwp  |tRwWD trwD
i
RD/WR jl «gﬁ ;Z \
trasp2 | tRASD2 trasp2  |tRASD2
RAS
tcasp2  |tcasp2
CASxx

D31-DO 0 %

CKE (High)

Figure 17.44 Synchronous DRAM Mode Register Write Cycle
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17.3.8 Pseudo-SRAM Timing

Tr Tcl TcZ (Tpc) ‘
cKio / \ / \ / \ Z_\_J/i
_/ N/ N/ N/
tao  |las tap
-« :‘: > -+
A25-A0
ERWP_ tRWS‘ trwD
RD/WR ><
Jae
—
tcep tcep | tRwH
jﬁ /
CE 7
e
——
toep toep | tRwH
] -t P
OE/RFSH * 71t
(read) I '2'_3_”1
trps1
[
D31-D0
(read) k .
AH
>
twep tWED tRwH
WEn - i S E—
write /
( ) twps = tqu3
o gl
twobb2 twpH1
D31-D0
(write)
tesp tgsp

w L

Figure 17.45 Pseudo-SRAM Bus Cycle (RCD =0, A3BW =1, TPC = 0)
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< »la »le »le »le »le » |
e AN a2 Y 2N a2 Y a Vs
_/ N__/| N__/]
taD [tas [9%5)
A25-A0 *
tR‘WD‘ trws trwD
RD/WR X <
tAH
tcep
g tcep | tRwH
CE X( 7Z
tAn
la| >
toep toep | | tRWH
- <> <
_ /
OE/RFSH /
(read) _l 'E?DHl
trDs1
[
D31-D0
(read)
t
By
twep tVYED thyH
WEn ‘ :
write
( ) twps / tWDH3
twpp2 i\i\‘,DHl
D31-D0O
(write)
tgsp tgsp
BS

Figure 17.46 Pseudo-SRAM Read Cycle (RCD =1, A3W = 3, TPC = 0)

535
HITACHI




toep |toep |tas toep| toep

OE/RFSH m
(read)

tRDH1L tRDH1
|— -—

trRps1 trRDs1

D31-DO0 [ t:_
(read) | |
taH
twep | twep |tas twep | | twep | |tRwH
+—
ire) M 1:
(write)

twps twpH3 twoH3
{ > <—>‘
twpb2 twop2 twoH1
D31-D0 >< ><
(write)
tgsp |tBsD tgsp |tBsD
(-

BS

Figure 17.47 Pseudo-SRAM Bus Cycle (Static Column Mode, RCD = 0, A3W =1,
TPC =0)
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Ty Trw Te1 Tew Te2 Te1 Tew Te2 (Tpc) | (Tpc) |

ol - - o . . ol .
cKio 7 R/ N/ R/
tap [tas tap
A25-A4
tap|tas
A3-A0
trwp|fRws trwD
RD/WR <:
taH
tcep tcep| | tRwH
CE gﬁ
ff‘F.
toep toep |loep toep | tRwH
OE/RFSH ‘% \ /
(read) % N /
tF‘eDHl tRDH1
trRDS1 trRDs1|
D31-D0
(read) t
AH
|
tRwH
twep tWI‘ED twep twep
_ [
WEn E
(write) twps i\q/DHs lDHS
twpb2 twob2 twpH1
D31-DO0
(write)
tgsp |lBsD tgsp | BsD

Figure 17.48 Pseudo-SRAM Bus Cycle (Static Column Mode, RCD = 1, A3W = 2,
TPC =1)
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TRc Ter TRrZ (Tpc)

CE (High)

toep toep

> >
OE/RFSH % %Z

Figure 17.49 Pseudo-SRAM Auto-Refresh Cycle (TRAS =1, TPC = 1)

Tre Trr1 Trrw Triw Trr2 (Toe) (Tpe)
——>|
CKIO 7; ;; 12 ; 1[ \ 7; ; JZ X; 1; ; ; ; ;
CE
(High)
toep toep

OE/RFSH gﬁ qﬁ

Figure 17.50 Pseudo-SRAM Auto-Refresh Cycle (TRAS 2, TPC = 1)

Tre Trr1 Tsr  Tsrz  (Tpo) = (Tpeo)
CKIO )
§
CE , 55—
toep (High) toep
OE/RFSH
§—55

Figure 17.51 Pseudo-SRAM Self-Refresh Cycle (TPC = 0)
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17.3.9

PCMCIA Timing

Tpcml Tpcm2
CKIO 7Z X: 7Z X: 7Z
tAD tAD
<«
A25-A0 %{ >k:
tespl tesp
<>
o X .
trwD tRwD
RD/WR % WC
trsp trsD
<« <«
RD
(read) % tRDH1
trDS1
<«
D15-D0
(read)
twep twep
-« «—>
WE1
(write) % 7 twpH4 N
- g
twob1 twpH1
«— »
D15-D0
(write)
tesp tesp

Figure 17.52 PCMCIA Memory Bus Cycle (TED = 0, TEH = 0, No Wait)
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TpcmO ‘ TpcmOw Tpcml Tpcmlw Tpcmlw Tpcm2 ‘ Tpcm2w
cKIo _7Z_\_AZ_\_7Z S \F LS \JZ_\_/Z_
tap tap
-
A25-A0
tesp tespl
>
CExx >k:
trwpD trwD
—-|
RD/WR ‘g{ %
o trsp trsD
RD |
(read) tromL
trRps1
[
D15-D0
(read)
twep twebp1
P |
WEA1
(write) twpH4
tWDDl <—’tWDHl
D15-D0
(write)
tgsp tgsp
[
BS \
twrs | twrH twrs| twTtH
> <>
WAIT %L 14/ X

Figure 17.53 PCMCIA Memory Bus Cycle (TED = 2, TEH = 1, 1 Wait, External Wait)
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Tpcml Tpcm2 Tpcml Tpcmz Tpcml ‘ Tpcm2 ‘ Tpcml ‘ Tpcmz
oo LN L L Y F\WT\
S/ N/ N/ N/ N/
tap taD
.y ’a
taD tap taD tap
) B ——
tespa tespa
CExx
trwD trwD
>
RD/WR NR;
trsp  [trRsD  [RsD trsD

e I
(read)

tRDH1 tRDH1
Wi
trDs1 tros1
=
D15-D0 >
(read)
tgsp tgsp  |lBsD tgsp
BS

Note: Even though burst mode is set, write cycle operation is the same as in normal mode.

Figure 17.54 PCMCIA Memory Bus Cycle (Burst Read, TED = 0, TEH = 0, No Wait)
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Tpcmo Tpcml Tpcmlw Tpcmlw Tpcmlw Tpcm2 Tpcml Tpcmlw Tpcm2 Tpcm2w

< »le ;L >t >t >t >t >t ;L

cKio J?\Jﬂu%%ﬂuﬂu%ﬂm
i

AD

<

—
>
w)

taD tap

>
?
>
o

|

tesp tespa
CExx j<
trwD trwD

P

:
L

F,éj

trsp trsp | trsD trsp

[
RD X
(read)
|l RoHL |l [RoHL
trDs1 trps1
D15-DO0
(read)
tgsp tesp tesp tesp
BS % % twrs | twH
St
twrs |twTH twrs [twTH

T o b7 %

Note: Even though burst mode is set, the write cycle operation is the same as in normal
mode.

Figure 17.55 PCMCIA Memory Bus Cycle (Burst Read, TED =1, TEH = 1, 2 Waits,
Burst Pitch = 3)
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Tpeir Thei2
cwo N Y \
tap tap
A25-A0 % %
tespa tesp
CExx g& %
trwD trwD
RD/WR % %
ticrsp ticrsp
[ |
ICIORD
(read) .
RDH1
trps1
D15-D0
(read)
ticwsp ticwsp
ICIOWR
(write) ;
WDH4
twob1 'wDH
«— «>
D15-D0
(write) W >‘
tgsp tgsp

Figure 17.56 PCMCIA 1/O Bus Cycle (TED = 0, TEH = 0, No Wait)
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TpciO Tmew ‘ Tpcil ‘ Tpcilw Tpcilw TpCIZ ‘ Tpci2w
cKIo jr\Jr\Jndr\_/‘ T \_7%_\_71_
tap tap
[
A25-A0 ‘_% >k:
tespi tespa
[
CExx >k:
trwD trwD
>
RD/WR ‘_gﬁ >‘<
ticrsp ticrsD
ICIORD
(read)
tRDH1
> |
tros1
>
D15-D0
(read)
ticwsp ticwsp
ICIOWR
(write) twpH4
tWDDl tWDHl
[
D15-D0
(write)
tesp tesp
[
BS twrs| twTH
twrs twrH| [+ >
WAIT %E* jﬁ‘ X
tio1es |tioleH

101S16 %K JZ/

Figure 17.57 PCMCIA 1/O Bus Cycle (TED = 2, TEH = 1, 1 Wait, External Wait)
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TpciO Tpcil Tpcilw Tpci2 Tpcil Tpcilw Tpciz ‘ Tpci2w

a0 O\ /N O\
-AD

%,ﬁ{a”ﬁ

A25-A4
tAD tAD tAD
5 5
tcspa tcspa tcsp1

RD/WR i_gg

7
=
lw)

‘ ;f;
=
lw)

ticrsp ticrsp |ticrsD ticrsp

ICIORD
(read)

tRDH1 tRDH1

| |l
tros1 trDs1
)

D15-D0
(read)

ticwsp ticwsp ticwsp ticwsp

ICIOWR
(write) q:

twpH3 twpHa4 _»\
] -~
twbb1 twbp2 twpH1
P
D15-D0
(write)
tgsp tgsp tesp tesp
[
BS
wTs [twTH twrs |twTH
WAIT 7[ 3(/ /7‘ 5‘(7

tio1es |tioleH

01516 7 .

Y
4
Y

~}
1—<]

Figure 17.58 PCMCIA I/0 Bus Cycle (TED = 1, TEH = 1, 1 Wait, Bus Sizing)
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17.3.10 Peripheral Module Signal Timing

Table 17.9 Peripheral Module Signal Timing (Conditions: \¢c = 3.15-3.6 V, Ta = -20

to 75°C)
-60
Module Item Symbol Min  Max Unit Figure
T™MU, Timer input setup time tcLks 12 — ns 17.59
RTC Timer clock input setup time  tcks 12 — ns 17.60
Timer clock Single edge trekwH 15 — tecyc
pulse width  poth edges  trexw 25 —  tcyc
Oscillation settling time trosc — 3 S 17.61
SCI Input clock  Asynchronous tscyc 4 — tcyc 17.62-17.63
cycle
synchronous 6 — tcyc
Input clock rise time tsckr — 1.5 tcyc 17.62
Input clock fall time tsckf — 1.5 tcyc
Input clock pulse width tsckw 0.4 0.6 tscyc
Transmit data delay time trxp — 100 ns 17.63
Receive data setup time trxs 100 — ns
(synchronous)
Receive data hold time tRxH 100 — ns
(synchronous)
Port Output data delay time tPORTD — 15 ns 17.64
Input data setup time troRrTS 12 — ns
Input data hold time tPORTH 5 — ns
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cwo /NN
treiks

TCLK
(input)
Figure 17.59 TCLK Input Timing (1)
trcks
wo /SN NN

treks

TCLK v S
(input) g
B trekwL L tTCKwWH -
« > e >

Figure 17.60 TCLK Input Timing (2)

Stable
> oscillation

megm T N 0\

<
|

\/

Figure 17.61 RTC Crystal Oscillator Power-On Oscillation Settling Time

tsckw tsckr tsckF
-~ -—
SCK
tScyc

Figure 17.62 SCK Input Clock Timing
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tScyc

SCK A N N
trxp
TxD
(data trans-
mission) >< >< ><
trxs | | tRxH
RxD h ‘_:
(data X XA YK X
reception)
Figure 17.63 Synchronous Mode SCI Input/Output Timing
¢ R N

tporTs | | tPORTH
PORT 7-
PORT 0O
(read)

tporRTD
PORT 7-
PORT 0O
(write)

Figure 17.64 1/0O Port Input/Output Timing
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17.3.11 AC Characteristics Test Conditions

* Input/output signal reference level: 1.5 Vd¥ = 3.3-3.6V).

* Input pulse level: ¥sto 3.0 V (wherRESET, BREQ, NMI, IRL3-IRL0, CKIO, MD5—
MDO are \gsto Vo).

* Input rise/fall time: 1 ns

IOL

LSI output pin O I DUT output

CL VREF

I

IOH

Notes: 1. C_is the total capacitance including the test jig probe, as shown below:
2. 30 pF: CKIO, RAS, CASxx, CSO-CS6, CE2A, CE2B, BACK
50 pF: All other pins
loL and Igy are the values shown in table 17.3

Figure 17.65 Output Load Circui
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Appendix A Pin Functions

A.1 Pin States
Table A.1 shows pin states during resets, power-down states, and the bus-rel eased state.

Table A.1 Pin States during Resets, Power-Down States, and Bus-Released

State
Power-Down State BYS-
Power-On Manual Released
Category Pin Reset Reset Standby Sleep State
Clock CKIO 101 10™1 10" 1071 1071
EXTAL 1 "1 "1 "1 "1
XTAL o1 o1 o1 o1 o1
EXTAL2 [ [ [ [ [
XTAL2 o) 0 o} 0 0
System control RESET I I [ I I
BREQ I I [ [ [
BACK 0 o] o] 0 L
CA [ [ [ [ [
STATUSO, 0 0 e} 0 0
STATUS1
MDO/SCK I I | 10"2 10"2
MD1/TXD I I | 103 10*3
MD2/RXD [ [ [ [ [
MD3/CE2A [ IH™ IZH*7 IH™ 1z
MD4/CE2B [ IH*4 IZH*7 IH*™ 1z
MD5/RAS2 I 10*5 1ZO™® 10" 1ZO"®
Interrupt NMI [ [ [ [ [
IRL3 to IRLO [ I [ [ [
IRQOUT o) 0 o} o) o
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Table A.1 Pin States during Resets, Power-Down States, and Bus-Released

State (cont)

Power-On Manual Power-Down State Eglse-ased
Category Pin Reset Reset Standby Sleep State
Address Bus A25 to AO (@) (0] Z (0] Z
Data Bus D31 to D30 z zo'8 zo™8 z0'8 zo™8
D29 to D24 z z z z z
D23 to D16/ z ZK'10 ZK'10 ZK'10 ZK'10
PORT7 to PORTO
D15 to DO z [ z [ z
Bus Control CS0to CS4 H 0 ZH13 H z
CS5/CE1A H 0 ZH"13 H Z
CS6/CE1B H o ZH"13 H z
BS H 0 ZH13 H z
RASICE H 0 zot o} zZo"t
CASLL/CAS/OE H o zo1 o} zo"t
CASLH H 0 zot o} zot
CASHL/CAS2L H 0 zot o} zZo"t
CASHH/CAS2H H o zo1 o} zo"t
DOQMLL/WEO H o} ZH13 H z
DOMLUMWET H o] ZH™13 H z
DQMULWE2/ H 0 ZH13 H z
ICIORD
DOMUUMWE3/ H 0 ZH13 H z
ICIOWR
RD/WR H o ZH"13 H z
RD H 0 ZH13 H z
CKE H o) o} o 0
WAIT z I z | z
101S16 z [ z | z
TMU/RTC TCLK z z 1014 10*12 1012
PLL CAP1, CAP2 10 10 10 10 10
I Input
O: Output

H: High-level output
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L: Low-level output
Z: High impedance
K: Input pin is high impedance, output pin holds its state

Notes: 1.

Dependent on the clock mode (MD2-MDO setting).

When SCI and port are not used, I. When used, | or O depending on register setting.
When SCI and port are not used, |. When used, O.

When PCMCIA is not used, |. When used, H or Z.

When area 2 DRAM is not used, I. When used, O.

When area 2 DRAM is not used, I. When used, Z or O depending on register setting.
When PCMCIA is not used, |. When used, Z or H depending on register setting.

O when the port function is used.

Z when the port function is used.

. When the port function is used, K depending on register setting.

. Z or O depending on register setting.

. I or O depending on register setting.

. Z or H depending on register setting.

. In standby mode, | or O depending on register setting. In hardware standby mode, | or

L depending on register setting.
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A.2 Pin Specifications
Table A.2 shows the pin specifications.

Table A.2 Pin Specifications

Pin Pin No. /0 Function

MD5/RAS2 130 110 Operating mode pin (endian switching)/RAS (for DRAM).
MD signal is fetched in at power-on reset.
Switched to RAS2 on area 2 DRAM enabling by register.

MD4/CE2B 103 I/0 Operating mode pin (area 0 bus width)/PCMCIA CE pin.
MD signal is fetched in at power-on reset.

Switched to CE2B on area 6 PCMCIA enabling by
register.

MD3/CE2A 104 Ie} Operating mode pin (area 0 bus width)/PCMCIA CE pin.
MD signal is fetched in at power-on reset.

Switched to CE2A on area 5 PCMCIA enabling by
register.

MD2/RXD 84 | Operating mode pin/serial data input.
MD signal is fetched in at power-on reset.
Switched to RXD on SCI enabling by register.

MD1/TXD 85 1/10 Operating mode pin/serial data output.
MD signal is fetched in at power-on reset.
Switched to TXD on SCI enabling by register.

MDO/SCK 86 110 Operating mode pin/serial clock.
MD signal is fetched in at power-on reset.
Switched to SCK on SCI enabling by register.

STATUS1 97 (e} Processor status
STATUSO 98 O Processor status
A25 to A0 72 to 70, (@] Address bus

67 to 61,

58 to 56,

53 t0 51,

48 to 43,

40 to 37
D31 to D24 140 to 143, 110 Data bus

lto4
D23 to D16/ 5,8t014 110 Data bus / 1/O port

Port 7 to Port 0
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Table A.2 Pin Specifications (cont)

Pin Pin No. /0 Function
D15 to DO 15 to 16, 110 Data bus
21 to 29,
3210 36

CS6/CE1B 108 o) Chip select 6/PCMCIA CE

CS5/CE1A 109 o] Chip select 5/PCMCIA CE

CS4to CSO 110to 114 (0] Chip select 4—chip select 0

BS 105 o) Bus cycle start

RAS/CE 129 0 DRAM, synchronous DRAM RAS/pseudo-SRAM CE

CASHH/CAS2H 119 o} D31-D24 (DRAM CAS)/D15-D8 (area 2 DRAM CAS)
select signal

CASHL/CAS2L 120 (0] D23-D16 (DRAM CAS)/D7-D0 (area 2 DRAM CAS) select
signal

CASLH 125 (0] D15-D8 select signal (DRAM CAS)

CASLL/CAS/OE 126 o) D7-DO select (DRAM CAS)/memory select signal
(synchronous DRAM CAS/pseudo-SRAM OE)

WE3/DQMUU/ 117 O D31-D24 select signal (normal memory, pseudo-SRAM

ICIOWR WE /synchronous DRAM DQM)/IO write (PCMCIA,
PCMCIB)

WE2/DQMUL/ 118 (@) D23-D16 select signal (normal memory, pseudo-SRAM

ICIORD WE /synchronous DRAM DQM)/IO write (PCMCIA,
PCMCIB)

WE1/DQMLU 123 (0] D15-D8 select signal (normal memory, pseudo-SRAM
WE/synchronous DRAM DQM)

WEO/DQMLL 124 (0] D7-D0 select signal (normal memory, pseudo-SRAM
WE/synchronous DRAM DQM)

RD/WR 106 (0] Read/write (synchronous DRAM/DRAM/PCMCIA)

RD 107 0 Read pulse (PCMCIA/normal memory)

WAIT 132 | Hardware wait request

10IS16 94 I 1016 bit indication (PCMCIA 10 area)

BREQ 87 I Bus request

BACK 96 (0] Bus acknowledge

IRQOUT 95 (0] Interrupt request notification

RESET 88 I Reset

CA 81 I Chip active

Causes a transition to hardware standby mode when
low. Drive high in a power-on reset.
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Table A.2 Pin Specifications (cont)

Pin Pin No. /10 Function
NMI 89 | Nonmaskable interrupt request
IRL3 to IRLO 90 to 93 I External interrupt source input
TCLK 134 1/10 Timer external clock input/RTC clock output
EXTAL 79 | External clock/crystal resonator pin
XTAL 80 (0] Crystal resonator pin
CAP1 74 (0] External capacitance pin (for PLL1)
CAP2 77 (0] External capacitance pin (for PLL1)
CKIO 101 110 System clock input/output
CKE 131 (0] Clock enable control (for synchronous DRAM)
XTAL2 136 @) Crystal resonator pin (for on-chip RTC)
EXTAL2 137 I Crystal resonator pin (for on-chip RTC)
NC 99 (0] Leave unconnected
Vee 7,18, 20,31, Power Power supply (3.3V)
42, 50, 55, 60, supply
69, 81, 83, 102,
116, 122, 128,
139
Ve (RTC) 135 Power RTC oscillator power supply (3.3 V)
supply
Ve (PLL) 75,78 Power PLL power supply (3.3 V)
supply
Vss 6, 17,19, 30, Power Power supply (0 V)
41, 49, 54, 59, supply
68, 82, 100,
115, 121, 127,
133, 144
Vss (RTC) 138 Power RTC oscillator power supply (0 V)
supply
Vsg (PLL) 73,76 Power PLL power supply (0 V)
supply

Note: Exceptin hardware standby mode, power must be supplied constantly to all power supply
pins. In hardware standby mode, power should be supplied at least to the RTC power supply
pins.
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A.3 Handling of Unused Pins

When RTC is not used

O EXTALZ Pull up

O XTALZ2 L eave unconnected

0 Ve (RTO): Power supply (3.3 V)
0 Vss(RTO): Power supply (0V)
When PLL1is not used

O CAPL L eave unconnected

O Ve (PLL): Power supply (3.3V)
0 Vgg(PLL): Power supply (0 V)
When PLL2 is not used

O CAP2: L eave unconnected

O Vce (PLL): Power supply (3.3V)
0 Vgg(PLL): Power supply (0 V)
When on-chip crystal oscillator is not used
O XTAL: L eave unconnected

HITACHI
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A.4

Pin States in Access to Each Address Space

Table A.3 Pin States (Normal Memory/Little-Endian)

8-Bit Bus Width

16-Bit Bus Width

Byte/Word/Long- Byte Access Byte Access Word/Longword

Pin word Access (Address 2n) (Address 2n +1) Access
CS6to CSO Enabled Enabled Enabled Enabled
RD R Low Low Low Low

W  High High High High
RD/WR R  High High High High

W  Low Low Low Low
BS Enabled Enabled Enabled Enabled
RAS/CE High High High High
CAS/CASLL/OCE High High High High
CASLH High High High High
CASHL/CAS2L High High High High
CASHH/CAS2H High High High High
DQMLL/WEQ R  High High High High

W  Low Low High Low
DQMLU/WET R  High High High High

W  High High Low Low
DQMUL/WE2/ICIORD R  High High High High

W  High High High High
DQMUU/WEB/ICIOWR R  High High High High

W  High High High High
MD3/CE2A High-Z or high™ High-Z or high High-Z or high™ High-Z or high™
MD4/CE2B High-Z or high™ High-Z or high™? High-Z or high? High-Z or high?
MD5/RAS2 High-Z or high™ High-Z or high™ High-Z or high™® High-Z or high™®
CKE Disabled Disabled Disabled Disabled
WAIT Enabled™ Enabled™ Enabled™ Enabled™
10IS16 Disabled Disabled Disabled Disabled
A25t0 A0 Address Address Address Address
D7 to DO Valid data Valid data Invalid data Valid data
D15 to D8 High-Z Invalid data Valid data Valid data
D23 to D16/ High-Z" High-Z" High-Z*® High-Z*®
PORT7 to PORTO
D31 to D24 High-2"® High-Z"® High-Z"® High-Z"®
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Table A.3 Pin States (Normal Memory/Little-Endian) (cont)

32-Bit Bus Width

Byte Byte Byte Byte Word Word
Access Access Access Access Access Access
(Address (Address (Address (Address (Address (Address Longword
Pin 4n) 4n + 1) 4n +2) 4n + 3) 4n) 4n +2) Access
CS6to CSO Enabled Enabled Enabled Enabled Enabled Enabled Enabled
RD R Low Low Low Low Low Low Low
W  High High High High High High High
RD/WR R High High High High High High High
W Low Low Low Low Low Low Low
BS Enabled Enabled Enabled Enabled Enabled Enabled Enabled
RASICE High High High High High High High
CAS/CASLL/OE High High High High High High High
CASLH High High High High High High High
CASHL/CAS2L High High High High High High High
CASHH/CAS2H High High High High High High High
DQMLL/WEQ R High High High High High High High
W  Low High High High Low High Low
DQMLU/WET R High High High High High High High
W  High Low High High Low High Low
DQMUL/WE2/ICIORD R  High High High High High High High
W  High High Low High High Low Low
DQMUU/WEB/ICIOWR R  High High High High High High High
W  High High High Low High Low Low
MD3/CE2A High-Z or High-Z or High-Z or High-Z or High-Z or High-Z or High-Z or
high'* high high high® high™® high™® high'*
MD4/CE2B High-Z or High-Z or High-Z or High-Z or High-Z or High-Z or High-Z or
high"? high™ high™ high™ high™ high high"?
MD5/RAS2 High-Z or High-Z or High-Z or High-Z or High-Z or High-Z or High-Z or
high' high™® high™ high™® high™® high™® high'
CKE Disabled Disabled Disabled Disabled Disabled Disabled Disabled
WAIT Enabled® Enabled”® Enabled® Enabled® Enabled® Enabled® Enabled™
10IS16 Disabled Disabled Disabled Disabled Disabled Disabled Disabled
A251t0 A0 Address  Address  Address Address Address Address  Address
D7 to DO Valid Invalid Invalid Invalid Valid Invalid Valid
data data data data data data data
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Table A.3 Pin States (Normal Memory/Little-Endian) (cont)

32-Bit Bus Width

Byte Byte Byte Byte Word Word
Access Access Access Access Access Access
(Address (Address (Address (Address (Address (Address Longword

Pin 4n) 4n + 1) 4n +2) 4n + 3) 4n) 4n +2) Access
D15 to D8 Invalid Valid Invalid Invalid Valid Invalid Valid
data data data data data data data
D23 to D16/ Invalid Invalid Valid Invalid Invalid Valid Valid
PORT7 to PORTO data data data data data data data
D31to D24 Invalid Invalid Invalid Valid Invalid Valid Valid
data data data data data data data

Notes: 1. When BCR1.A5PCM = 0, high-Z.

2. When BCR1.A6PCM = 0, high-Z.

3. When BCR1.DRAMTP (2-0) # 101, high-Z.

4. When WCR2 register wait setting is 0, disabled.

5. When BCR2.PORTEN = 0, high-Z. When BCR2.PORTEN = 1, dependent on PCTR
register.

6. When BCR2.PORTEN =0, high-Z. When BCR2.PORTEN = 1, D31 and D30 only data
output.
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Table A.4 Pin States (Normal Memory/Big-Endian)

8-Bit Bus Width 16-Bit Bus Width

Byte/Word/Long- Byte Access Byte Access Word/Longword

Pin word Access (Address 2n) (Address 2n +1) Access
CS6to CSO Enabled Enabled High Enabled
RD R Low Low Low Low

W  High High High High
RD/WR R  High High High High

W  Low Low Low Low
BS Enabled Enabled Enabled Enabled
RAS/CE High High High High
CAS/CASLL/OE High High High High
CASLH High High High High
CASHL/CAS2L High High High High
CASHH/CAS2H High High High High
DQMLL/WEQ R  High High High High

W  Low High Low Low
DQMLU/MWET R  High High High High

W  High Low High Low
DQMUL/WE2/ICIORD R  High High High High

W  High High High High
DQMUU/WEB/ICIOWR R  High High High High

W  High High High High
MD3/CE2A High-Z or high™ High-Z or high" High-Z or high" High-Z or high"
MD4/CE2B High-Z or high™ High-Z or high? High-Z or high? High-Z or high?
MD5/RAS2 High-Z or high™® High-Z or high® High-Z or high® High-Z or high®
CKE Disabled Disabled Disabled Disabled
WAIT Enabled™ Enabled™ Enabled™ Enabled™
10IS16 Disabled Disabled Disabled Disabled
A25 to A0 Address Address Address Address
D7 to DO Valid data Invalid data Valid data Valid data
D15 to D8 High-Z Valid data Invalid data Valid data
D23 to D16/ High-Z"® High-Z"® High-Z" High-Z"
PORT7 to PORTO
D31 to D24 High-Z"® High-Z® High-Z"¢ High-Z'6

HITACHI

561



Table A.4 Pin States (Normal Memory/Big-Endian) (cont)

32-Bit Bus Width

Byte Byte Byte Byte Word Word
Access Access Access Access Access Access
(Address (Address (Address (Address (Address (Address Longword
Pin 4n) 4n + 1) 4n +2) 4n + 3) 4n) 4n +2) Access
CS6to CSO Enabled Enabled Enabled Enabled Enabled Enabled  Enabled
RD R Low Low Low Low Low Low Low
W  High High High High High High High
RD/WR R High High High High High High High
W  Low Low Low Low Low Low Low
BS Enabled Enabled Enabled Enabled Enabled Enabled Enabled
RAS/CE High High High High High High High
CAS/CASLL/OE High High High High High High High
CASLH High High High High High High High
CASHL/CAS2L High High High High High High High
CASHH/CAS2H High High High High High High High
DQMLL/WEO R High High High High High High High
W  High High High Low High Low Low
DQMLU/WET R High High High High High High High
W  High High Low High High Low Low
DQMUL/WE2/ICIORD R  High High High High High High High
W  High Low High High Low High Low
DQMUU/WEB/ICIOWR R  High High High High High High High
W  Low High High High Low High Low
MD3/CE2A High-Z or High-Z or High-Z or High-Z or High-Z or High-Z or High-Z or
high™® high'* high high high® high™® high™®
MD4/CE2B High-Z or High-Z or High-Z or High-Z or High-Z or High-Z or High-Z or
high high" high™ high™ high™ high™ high
MD5/RAS2 High-Z or High-Z or High-Z or High-Z or High-Z or High-Z or High-Z or
high™® high' high™® high™ high™® high™® high™®
CKE Disabled Disabled Disabled Disabled Disabled Disabled Disabled
WAIT Enabled® Enabled” Enabled® Enabled® Enabled® Enabled® Enabled™
10IS16 Disabled Disabled Disabled Disabled Disabled Disabled Disabled
A25t0 A0 Address  Address  Address  Address Address Address  Address
D7 to DO Invalid Invalid Invalid Valid Invalid Valid Valid
data data data data data data data
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Table A.4 Pin States (Normal Memory/Big-Endian) (cont)
32-Bit Bus Width

Byte Byte Byte Byte Word Word

Access Access Access Access Access Access

(Address (Address (Address (Address (Address (Address Longword
Pin 4n) 4n + 1) 4n +2) 4n + 3) 4n) 4n +2) Access
D15to D8 Invalid Invalid Valid Invalid Invalid Valid Valid

data data data data data data data
D23 to D16/ Invalid Valid Invalid Invalid Valid Invalid Valid
PORT7 to PORTO data data data data data data data
D31to D24 Valid Invalid Invalid Invalid Valid Invalid Valid

data data data data data data data

Notes: 1. When BCR1.A5PCM = 0, high-Z.

Ok owbn

register .
6. When BCR2.PORTEN =0, high-Z. When BCR2.PORTEN = 1, D31 and D30 only data

output.

When BCR1.A6PCM = 0, high-Z.

When BCR1.DRAMTP (2-0) # 101, high-Z.
When WCR2 register wait setting is 0, disabled.
When BCR2.PORTEN = 0, high-Z. When BCR2.PORTEN = 1, dependent on PCTR

HITACHI
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Table A.5 Pin States (Burst ROM/Little-Endian)

8-Bit Bus Width

16-Bit Bus Width

Byte/Word/Long- Byte Access Byte Access Word/Longword

Pin word Access (Address 2n) (Address 2n + 1) Access
CS6to CSO Enabled Enabled Enabled Enabled
RD R Low Low Low Low

W J— J— J— J—
RD/WR R  High High High High

W J— J— J— J—
BS Enabled Enabled Enabled Enabled
RAS/CE High High High High
CAS/CASLL/OE High High High High
CASLH High High High High
CASHL/CAS2L High High High High
CASHH/CAS2H High High High High
DQMLL/WEQO R  High High High High

W J— J— J— J—
DQMLU/WET R  High High High High

W J— J— J— J—
DQMUL/WE2/ICIORD R  High High High High

W J— J— J— J—
DQMUU/WES/ICIOWR R  High High High High

W J— J— J— J—
MD3/CE2A High-Z or high™ High-Z or high™ High-Z or high" High-Z or high™
MD4/CE2B High-Z or high™ High-Z or high™ High-Z or high™ High-Z or high™
MD5/RAS2 High-Z or high™ High-Z or high™ High-Z or high™ High-Z or high™
CKE Disabled Disabled Disabled Disabled
WAIT Enabled™ Enabled™ Enabled™ Enabled™
101S16 Disabled Disabled Disabled Disabled
A25 to A0 Address Address Address Address
D7 to DO Valid data Valid data Invalid data Valid data
D15 to D8 High-Z Invalid data Valid data Valid data
D23 to D16/ High-Z"® High-Z"® High-Z" High-Z"
PORT7 to PORTO
D31 to D24 High-Z"® High-Z"® High-Z'¢ High-Z'¢
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Table A.5 Pin States (Burst ROM/Little-Endian) (cont)

32-Bit Bus Width

Byte Byte Byte Byte Word Word
Access Access Access Access Access Access
(Address (Address (Address (Address (Address (Address Longword
Pin 4n) 4n + 1) 4n +2) 4n + 3) 4n) 4n +2) Access
CS6'to CSO Enabled Enabled Enabled Enabled Enabled Enabled Enabled
RD R Low Low Low Low Low Low Low
W J— J— J— J— J— J— J—
RD/WR R High High High High High High High
W J— J— J— J— J— J— J—
BS Enabled Enabled Enabled Enabled Enabled Enabled Enabled
RASICE High High High High High High High
CAS/CASLL/OE High High High High High High High
CASLH High High High High High High High
CASHL/CAS2L High High High High High High High
CASHH/CAS2H High High High High High High High
DQMLL/WEQ R High High High High High High High
W J— J— J— J— J— J— J—
DQMLU/WET R High High High High High High High
W J— J— J— J— J— J— J—
DQMUL/WE2/ICIORD R  High High High High High High High
W J— J— J— J— J— J— J—
DQMUU/WEB/ICIOWR R  High High High High High High High
W J— J— J— J— J— J— J—
MD3/CE2A High-Z or High-Z or High-Z or High-Z or High-Z or High-Z or High-Z or
high'* high high high® high™® high™® high'*
MD4/CE2B High-Z or High-Z or High-Z or High-Z or High-Z or High-Z or High-Z or
high"? high™ high™ high™ high™ high high"?
MD5/RAS2 High-Z or High-Z or High-Z or High-Z or High-Z or High-Z or High-Z or
high' high™® high™ high™® high™® high™® high'
CKE Disabled Disabled Disabled Disabled Disabled Disabled Disabled
WAIT Enabled® Enabled”® Enabled® Enabled® Enabled® Enabled® Enabled™
10IS16 Disabled Disabled Disabled Disabled Disabled Disabled Disabled
A251t0 A0 Address  Address  Address Address Address Address  Address
D7 to DO Valid Invalid Invalid Invalid Valid Invalid Valid
data data data data data data data
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Table A.5 Pin States (Burst ROM/Little-Endian) (cont)

32-Bit Bus Width

Byte Byte Byte Byte Word Word
Access Access Access Access Access Access
(Address (Address (Address (Address (Address (Address Longword

Pin 4n) 4n + 1) 4n +2) 4n + 3) 4n) 4n +2) Access
D15 to D8 Invalid Valid Invalid Invalid Valid Invalid Valid
data data data data data data data
D23 to D16/ Invalid Invalid Valid Invalid Invalid Valid Valid
PORT7 to PORTO data data data data data data data
D31to D24 Invalid Invalid Invalid Valid Invalid Valid Valid
data data data data data data data

Notes: 1. When BCR1.A5PCM = 0, high-Z.

2. When BCR1.A6PCM = 0, high-Z.

3. When BCR1.DRAMTP (2-0) # 101, high-Z.

4. When WCR2 register wait setting is 0, disabled.

5. When BCR2.PORTEN = 0, high-Z. When BCR2.PORTEN = 1, dependent on PCTR
register.

6. When BCR2.PORTEN =0, high-Z. When BCR2.PORTEN = 1, D31 and D30 only data
output.
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Table A.6 Pin States (Burst ROM/Big-Endian)

8-Bit Bus Width 16-Bit Bus Width

Byte/Word/Long- Byte Access Byte Access Word/Longword

Pin word Access (Address 2n) (Address 2n +1) Access
CS6to CSO Enabled Enabled Enabled Enabled
RD R Low Low Low Low

W J— — — —
RD/WR R  High High High High

W J— — — —
BS Enabled Enabled Enabled Enabled
RAS/CE High High High High
CAS/CASLL/OE High High High High
CASLH High High High High
CASHL/CAS2L High High High High
CASHH/CAS2H High High High High
DQMLL/WEQ R  High High High High

W J— — — —
DQMLU/MWET R  High High High High

W J— — — —
DQMUL/WE2/ICIORD R  High High High High

W J— — — —
DQMUU/WEB/ICIOWR R  High High High High

W J— — — —
MD3/CE2A High-Z or high™ High-Z or high" High-Z or high" High-Z or high"
MD4/CE2B High-Z or high™ High-Z or high? High-Z or high? High-Z or high?
MD5/RAS2 High-Z or high™® High-Z or high® High-Z or high® High-Z or high®
CKE Disabled Disabled Disabled Disabled
WAIT Enabled™ Enabled™ Enabled™ Enabled™
10IS16 Disabled Disabled Disabled Disabled
A25 to A0 Address Address Address Address
D7 to DO Valid data Invalid data Valid data Valid data
D15 to D8 High-Z Valid data Invalid data Valid data
D23 to D16/ High-Z"® High-Z"® High-Z" High-Z"
PORT7 to PORTO
D31 to D24 High-Z"® High-Z® High-Z"¢ High-Z'6
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Table A.6 Pin States (Burst ROM/Big-Endian) (cont)

32-Bit Bus Width

Byte Byte Byte Byte Word Word
Access Access Access Access Access Access
(Address (Address (Address (Address (Address (Address Longword
Pin 4n) 4n + 1) 4n +2) 4n + 3) 4n) 4n +2) Access
CS6to CSO Enabled Enabled Enabled Enabled Enabled Enabled  Enabled
RD R Low Low Low Low Low Low Low
W J— J— J— J— J— J— J—
RD/WR R High High High High High High High
W J— J— J— J— J— J— J—
BS Enabled Enabled Enabled Enabled Enabled Enabled Enabled
RAS/CE High High High High High High High
CAS/CASLL/OE High High High High High High High
CASLH High High High High High High High
CASHL/CAS2L High High High High High High High
CASHH/CAS2H High High High High High High High
DQMLL/WEO R High High High High High High High
W J— J— J— J— J— J— J—
DQMLU/WET R High High High High High High High
W J— J— J— J— J— J— J—
DQMUL/WE2/ICIORD R  High High High High High High High
W J— J— J— J— J— J— J—
DQMUU/WEB/ICIOWR R  High High High High High High High
W J— J— J— J— J— J— J—
MD3/CE2A High-Z or High-Z or High-Z or High-Z or High-Z or High-Z or High-Z or
high™® high'* high high high® high™® high™®
MD4/CE2B High-Z or High-Z or High-Z or High-Z or High-Z or High-Z or High-Z or
high high" high™ high™ high™ high™ high
MD5/RAS2 High-Z or High-Z or High-Z or High-Z or High-Z or High-Z or High-Z or
high™® high' high™® high™ high™® high™® high™®
CKE Disabled Disabled Disabled Disabled Disabled Disabled Disabled
WAIT Enabled® Enabled” Enabled® Enabled® Enabled® Enabled® Enabled™
10IS16 Disabled Disabled Disabled Disabled Disabled Disabled Disabled
A25t0 A0 Address  Address  Address  Address Address Address  Address
D7 to DO Invalid Invalid Invalid Valid Invalid Valid Valid
data data data data data data data
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Table A.6 Pin States (Burst ROM/Big-Endian) (cont)

32-Bit Bus Width

Byte Byte Byte Byte Word Word
Access Access Access Access Access Access
(Address (Address (Address (Address (Address (Address Longword

Pin 4n) 4n + 1) 4n +2) 4n + 3) 4n) 4n +2) Access
D15to D8 Invalid Invalid Valid Invalid Invalid Valid Valid
data data data data data data data
D23 to D16/ Invalid Valid Invalid Invalid Valid Invalid Valid
PORT7 to PORTO data data data data data data data
D31to D24 Valid Invalid Invalid Invalid Valid Invalid Valid
data data data data data data data

Notes: 1. When BCR1.A5PCM = 0, high-Z.

2. When BCR1.A6PCM =0, high-Z.

3. When BCR1.DRAMTP (2-0) # 101, high-Z.

4. When WCR2 register wait setting is 0, disabled.

5. When BCR2.PORTEN = 0, high-Z. When BCR2.PORTEN = 1, dependent on PCTR
register .

6. When BCR2.PORTEN =0, high-Z. When BCR2.PORTEN = 1, D31 and D30 only data
output.
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Table A.7 Pin States (DRAM/Little-Endian)

16-Bit Bus Width (Area 3)

16-Bit Bus Width (Area 2)

Byte Access Byte Access Word/

Byte Access Byte Access Word/

(Address 2n)(Address  Longword (Address 2n)(Address  Longword
Pin 2n +1) Access 2n +1) Access
CS6to CSO Enabled Enabled Enabled Enabled Enabled Enabled
RD R  High High High High High High
W  High High High High High High
RD/WR R High High High High High High
W  Low Low Low Low Low Low
BS Enabled Enabled Enabled Enabled Enabled Enabled
RASICE Low Low Low High High High
CAS/CASLL/OE Low High Low High High High
CASLH High Low Low High High High
CASHL/CAS2L High High High Low High Low
CASHH/CAS2H High High High High Low Low
DQMLL/WEQO R High High High High High High
W  High High High High High High
DQMLU/MWET R High High High High High High
W  High High High High High High
DQMUL/WE2ICIORD R  High High High High High High
W  High High High High High High
DQMUU/WEB/ICIOWR R  High High High High High High
W  High High High High High High
MD3/CE2A High-Z or High-Z or High-Z or High-Z or High-Z or High-Z or
high™ high™ high™ high™® high™® high™®
MD4/CE2B High-Z or High-Z or High-Z or High-Z or High-Z or High-Z or
high" high high high™ high™ high™
MD5/RAS2 High-Z or High-Z or High-Z or Low Low Low
high™® high™® high™®
CKE Disabled Disabled Disabled Disabled Disabled Disabled
WAIT Disabled Disabled Disabled Disabled Disabled Disabled
10IS16 Disabled Disabled Disabled Disabled Disabled Disabled
A25to A0 Address Address Address Address Address Address
D7 to DO Valid data Invalid data  Valid data Valid data Invalid data  Valid data
D15 to D8 Invalid data  Valid data  Valid data Invalid data  Valid data  Valid data
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Table A.7 Pin States (DRAM/Little-Endian) (cont)

16-Bit Bus Width (Area 3) 16-Bit Bus Width (Area 2)
Byte Access Byte Access Word/ Byte Access Byte Access Word/
(Address 2n)(Address  Longword (Address 2n)(Address  Longword
Pin 2n +1) Access 2n +1) Access
D23 to D16/ High-Z* High-z™ High-z™ High-Z* High-Z* High-Z*
PORT7 to PORTO
D31 to D24 High-Z" High-Z" High-Z" High-Z"° High-Z"° High-Z"
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Table A.7 Pin States (DRAM/Little-Endian) (cont)

32-Bit Bus Width

Byte Byte Byte Byte Word Word
Access Access Access Access Access Access
(Address (Address (Address (Address (Address (Address Longword

Pin 4n) 4n + 1) 4n +2) 4n + 3) 4n) 4n +2) Access
CS6to CSO Enabled Enabled Enabled Enabled Enabled Enabled  Enabled
RD R High High High High High High High
W  High High High High High High High
RD/WR R High High High High High High High
W  Low Low Low Low Low Low Low
BS Enabled Enabled Enabled Enabled Enabled Enabled Enabled
RASICE Low Low Low Low Low Low Low
CAS/CASLL/OE Low High High High Low High Low
CASLH High Low High High Low High Low
CASHL/CAS2L High High Low High High Low Low
CASHH/CAS2H High High High Low High Low Low
DQMLL/WEO R High High High High High High High
W  High High High High High High High
DQMLU/WET R High High High High High High High
W  High High High High High High High
DQMUL/WE2/ICIORD R  High High High High High High High
W  High High High High High High High
DQMUU/WEB/ICIOWR R  High High High High High High High
W  High High High High High High High
MD3/CE2A High-Z or High-Z or High-Z or High-Z or High-Z or High-Z or High-Z or
high™® high'* high high high® high™® high™®
MD4/CE2B High-Z or High-Z or High-Z or High-Z or High-Z or High-Z or High-Z or
high high" high™ high™ high™ high™ high
MD5/RAS2 High-Z High-Z High-Z High-Z High-Z High-Z High-Z
CKE Disabled Disabled Disabled Disabled Disabled Disabled Disabled
WAIT Disabled Disabled Disabled Disabled Disabled Disabled Disabled
10IS16 Disabled Disabled Disabled Disabled Disabled Disabled Disabled
A25to A0 Address  Address  Address Address Address Address  Address
D7 to DO Valid Invalid Invalid Invalid Valid Invalid Valid
data data data data data data data
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Table A.7 Pin States (DRAM/Little-Endian) (cont)
32-Bit Bus Width

Byte Byte Byte Byte Word Word

Access Access Access Access Access Access

(Address (Address (Address (Address (Address (Address Longword
Pin 4n) 4n + 1) 4n +2) 4n + 3) 4n) 4n +2) Access
D15to D8 Invalid Valid Invalid Invalid Valid Invalid Valid

data data data data data data data
D23 to D16/ Invalid Invalid Valid Invalid Invalid Valid Valid
PORT7 to PORTO data data data data data data data
D31 to D24 Invalid Invalid Invalid Valid Invalid Valid Valid

data data data data data data data

Notes: 1. When BCR1.A5PCM = 0, high-Z.
2. When BCR1.A6PCM =0, high-Z.
3. When BCR1.DRAMTP (2-0) # 101, high-Z.

4. When BCR2.PORTEN = 0, high-Z. When BCR2.PORTEN = 1, dependent on PCTR
register.
5. When BCR2.PORTEN = 0, high-Z. When BCR2.PORTEN = 1, D31 and D30 only data

output.
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Table A.8 Pin States (DRAM/Big-Endian)

16-Bit Bus Width (Area 3)

16-Bit Bus Width (Area 2)

Byte Access Byte Access Word/

Byte Access Byte Access Word/

(Address 2n)(Address  Longword (Address 2n)(Address  Longword
Pin 2n +1) Access 2n +1) Access
CS6to CSO Enabled Enabled Enabled Enabled Enabled Enabled
RD R  High High High High High High
W  High High High High High High
RD/WR R High High High High High High
W  Low Low Low Low Low Low
BS Enabled Enabled Enabled Enabled Enabled Enabled
RASICE Low Low Low High High High
CAS/CASLL/OE High Low Low High High High
CASLH Low High Low High High High
CASHL/CAS2L High High High High Low Low
CASHH/CAS2H High High High Low High Low
DQMLL/WEQO R High High High High High High
W  High High High High High High
DQMLU/MWET R High High High High High High
W  High High High High High High
DQMUL/WE2/ICIORD R  High High High High High High
W  High High High High High High
DQMUU/WEB/ICIOWR R  High High High High High High
W  High High High High High High
MD3/CE2A High-Z or High-Z or High-Z or High-Z or High-Z or High-Z or
high™ high™ high™ high™® high™® high™®
MD4/CE2B High-Z or High-Z or High-Z or High-Z or High-Z or High-Z or
high" high high high™ high™ high™
MD5/RAS2 High-Z or High-Z or High-Z or Low Low Low
high™® high™® high™®
CKE Disabled Disabled Disabled Disabled Disabled Disabled
WAIT Disabled Disabled Disabled Disabled Disabled Disabled
10IS16 Disabled Disabled Disabled Disabled Disabled Disabled
A25to A0 Address Address Address Address Address Address
D7 to DO Invalid data  Valid data Valid data Invalid data  Valid data Valid data
D15 to D8 Validdata  Invalid data Valid data Validdata  Invalid data Valid data
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Table A.8 Pin States (DRAM/Big-Endian) (cont)

16-Bit Bus Width (Area 3) 16-Bit Bus Width (Area 2)
Byte Access Byte Access Word/ Byte Access Byte Access Word/
(Address 2n)(Address  Longword (Address 2n)(Address  Longword
Pin 2n +1) Access 2n +1) Access
D23 to D16/ High-Z* High-z™ High-z™ High-Z* High-Z* High-Z*
PORT7 to PORTO
D31 to D24 High-Z" High-Z" High-Z" High-Z"° High-Z"° High-Z"
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Table A.8 Pin States (DRAM/Big-Endian) (cont)

32-Bit Bus Width

Byte Byte Byte Byte Word Word
Access Access Access Access Access Access
(Address (Address (Address (Address (Address (Address Longword

Pin 4n) 4n + 1) 4n +2) 4n + 3) 4n) 4n +2) Access
CS6to CSO Enabled Enabled Enabled Enabled Enabled Enabled  Enabled
RD R High High High High High High High
W  High High High High High High High
RD/WR R High High High High High High High
W  Low Low Low Low Low Low Low
BS Enabled Enabled Enabled Enabled Enabled Enabled Enabled
RASICE Low Low Low Low Low Low Low
CAS/CASLL/OE High High High Low High Low Low
CASLH High High Low High High Low Low
CASHL/CAS2L High Low High High Low High Low
CASHH/CAS2H Low High High High Low High Low
DQMLL/WEO R High High High High High High High
W  High High High High High High High
DQMLU/WET R High High High High High High High
W  High High High High High High High
DQMUL/WE2/ICIORD R  High High High High High High High
W  High High High High High High High
DQMUU/WEB/ICIOWR R  High High High High High High High
W  High High High High High High High
MD3/CE2A High-Z or High-Z or High-Z or High-Z or High-Z or High-Z or High-Z or
high™® high'* high high high® high™® high™®
MD4/CE2B High-Z or High-Z or High-Z or High-Z or High-Z or High-Z or High-Z or
high high" high™ high™ high™ high™ high
MD5/RAS2 High-Z High-Z High-Z High-Z High-Z High-Z High-Z
CKE Disabled Disabled Disabled Disabled Disabled Disabled Disabled
WAIT Disabled Disabled Disabled Disabled Disabled Disabled Disabled
10IS16 Disabled Disabled Disabled Disabled Disabled Disabled Disabled
A25to A0 Address  Address  Address Address Address Address  Address
D7 to DO Invalid Invalid Invalid Valid Invalid Valid Valid
data data data data data data data
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Table A.8 Pin

States (DRAM/Big-Endian) (cont)

32-Bit Bus Width

Byte Byte Byte Byte Word Word

Access Access Access Access Access Access

(Address (Address (Address (Address (Address (Address Longword
Pin 4n) 4n + 1) 4n +2) 4n + 3) 4n) 4n +2) Access
D15to D8 Invalid Invalid Valid Invalid Invalid Valid Valid

data data data data data data data
D23 to D16/ Invalid Valid Invalid Invalid Valid Invalid Valid
PORT7 to PORTO data data data data data data data
D31to D24 Valid Invalid Invalid Invalid Valid Invalid Valid

data data data data data data data

Notes: 1. When BCR1.A5PCM = 0, high-Z.
2. When BCR1.A6PCM =0, high-Z.
3. When BCR1.DRAMTP (2-0) # 101, high-Z.

4. When BCR2.PORTEN = 0, high-Z. When BCR2.PORTEN = 1, dependent on PCTR
register.

5. When BCR2.PORTEN = 0, high-Z. When BCR2.PORTEN = 1, D31 and D30 only data

output.
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Table A.9 Pin States (Synchronous DRAM/Little-Endian)

32-Bit Bus Width

Byte Byte Byte Byte Word Word
Access Access Access Access Access Access
(Address (Address (Address (Address (Address (Address Longword
Pin 4n) 4n + 1) 4n +2) 4n + 3) 4n) 4n +2) Access
CS6to CSO Enabled Enabled Enabled Enabled Enabled Enabled  Enabled
RD R High High High High High High High
W  High High High High High High High
RD/WR R High High High High High High High
W  Low Low Low Low Low Low Low
BS Enabled Enabled Enabled Enabled Enabled Enabled Enabled
RAS/CE Low Low Low Low Low Low Low
CAS/CASLL/OE Low Low Low Low Low Low Low
CASLH High High High High High High High
CASHL/CAS2L High High High High High High High
CASHH/CAS2H High High High High High High High
DQMLL/WEO R Low High High High Low High Low
W  Low High High High Low High Low
DQMLU/WET R High Low High High Low High Low
W  High Low High High Low High Low
DQMUL/WE2/ICIORD R  High High Low High High Low Low
W  High High Low High High Low Low
DQMUU/WEB/ICIOWR R  High High High Low High Low Low
W  High High High Low High Low Low
MD3/CE2A High-Z or High-Z or High-Z or High-Z or High-Z or High-Z or High-Z or
high™® high'* high high high® high™® high™®
MD4/CE2B High-Z or High-Z or High-Z or High-Z or High-Z or High-Z or High-Z or
high high" high™ high™ high™ high™ high
MD5/RAS2 High-Z High-Z High-Z High-Z High-Z High-Z High-Z
CKE High'® High'® High'® High'S High'S High'® High'®
WAIT Disabled Disabled Disabled Disabled Disabled Disabled Disabled
10IS16 Disabled Disabled Disabled Disabled Disabled Disabled Disabled
A25to A0 Address, Address, Address, Address, Address, Address, Address,
command command command command command command command
D7 to DO Valid Invalid Invalid Invalid Valid Invalid Valid
data data data data data data data
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Table A.9 Pin States (Synchronous DRAM/Little-Endian) (cont)

32-Bit Bus Width

Byte Byte Byte Byte Word Word
Access Access Access Access Access Access
(Address (Address (Address (Address (Address (Address Longword
Pin 4n) 4n + 1) 4n +2) 4n + 3) 4n) 4n +2) Access
D15to D8 Invalid Valid Invalid Invalid Valid Invalid Valid
data data data data data data data
D23 to D16/ Invalid Invalid Valid Invalid Invalid Valid Valid
PORT7 to PORTO data data data data data data data
D31 to D24 Invalid Invalid Invalid Valid Invalid Valid Valid
data data data data data data data
Notes: 1. When BCR1.A5PCM = 0, high-Z.
2. When BCR1.A6PCM =0, high-Z.
3. Normally high. Low in self-refreshing.
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Table A.10

Pin States (Synchronous DRAM/Big-Endian)

32-Bit Bus Width

Byte Byte Byte Byte Word Word
Access Access Access Access Access Access
(Address (Address (Address (Address (Address (Address Longword
Pin 4n) 4n + 1) 4n +2) 4n + 3) 4n) 4n +2) Access
CS6to CSO Enabled Enabled Enabled Enabled Enabled Enabled  Enabled
RD R High High High High High High High
W  High High High High High High High
RD/WR R High High High High High High High
W  Low Low Low Low Low Low Low
BS Enabled Enabled Enabled Enabled Enabled Enabled Enabled
RAS/CE Low Low Low Low Low Low Low
CAS/CASLL/OE Low Low Low Low Low Low Low
CASLH High High High High High High High
CASHL/CAS2L High High High High High High High
CASHH/CAS2H High High High High High High High
DQMLL/WEO R High High High Low High Low Low
W  High High High Low High Low Low
DQMLU/WET R High High Low High High Low Low
W  High High Low High High Low Low
DQMUL/WE2/ICIORD R  High Low High High Low High Low
W  High Low High High Low High Low
DQMUU/WEB/ICIOWR R  Low High High High Low High Low
W  Low High High High Low High Low
MD3/CE2A High-Z or High-Z or High-Z or High-Z or High-Z or High-Z or High-Z or
high™® high'* high high high® high™® high™®
MD4/CE2B High-Z or High-Z or High-Z or High-Z or High-Z or High-Z or High-Z or
high high" high™ high™ high™ high™ high
MD5/RAS2 High-Z High-Z High-Z High-Z High-Z High-Z High-Z
CKE High'® High'® High'® High'S High'S High'® High'®
WAIT Disabled Disabled Disabled Disabled Disabled Disabled Disabled
10IS16 Disabled Disabled Disabled Disabled Disabled Disabled Disabled
A25to A0 Address, Address, Address, Address, Address, Address, Address,
command command command command command command command
D7 to DO Invalid Invalid Invalid Valid Invalid Valid Valid
data data data data data data data
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Table A.10 Pin

States (Synchronous DRAM/Big-Endian) (cont)

32-Bit Bus Width

Byte Byte Byte Byte Word Word
Access Access Access Access Access Access
(Address (Address (Address (Address (Address (Address Longword
Pin 4n) 4n + 1) 4n +2) 4n + 3) 4n) 4n +2) Access
D15to D8 Invalid Invalid Valid Invalid Invalid Valid Valid
data data data data data data data
D23 to D16/ Invalid Valid Invalid Invalid Valid Invalid Valid
PORT7 to PORTO data data data data data data data
D31to D24 Valid Invalid Invalid Invalid Valid Invalid Valid
data data data data data data data
Notes: 1. When BCR1.A5PCM = 0, high-Z.
2. When BCR1.A6PCM =0, high-Z.
3. Normally high. Low in self-refreshing.
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Table A.11

Pin States (Pseudo-SRAM/Little-Endian)

16-Bit Bus Width

Byte Access Byte Access Word/Longword

Pin (Address 2n) (Address 2n + 1) Access
CS6to CSO Enabled Enabled Enabled
RD R  High High High

W  High High High
RD/WR R  High High High

W  Low Low Low
BS Enabled Enabled Enabled
RASICE Low Low Low
CAS/CASLL/OE Low Low Low
CASLH High High High
CASHL/CAS2L High High High
CASHH/CAS2H High High High
DQMLL/WEQO R  High High High

W  Low High Low
DQMLU/WET R  High High High

W  High Low Low
DQMUL/WE2/ICIORD R  High High High

W  High High High
DQMUU/WES/ICIOWR R  High High High

W  High High High
MD3/CE2A High-Z or high™ High-Z or high™ High-Z or high™
MD4/CE2B High-Z or high™ High-Z or high™ High-Z or high™
MD5/RAS2 High-Z High-Z High-Z
CKE Disabled Disabled Disabled
WAIT Disabled Disabled Disabled
101S16 Disabled Disabled Disabled
A25 to A0 Address Address Address
D7 to DO Valid data Invalid data Valid data
D15to D8 Invalid data Valid data Valid data
D23 to D16/ High-z"3 High-z"3 High-Z"3
PORT7 to PORTO
D31 to D24 High-Z* High-Z* High-z*
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Table A.11

Pin States (Pseudo-SRAM/Little-Endian) (cont)

32-Bit Bus Width

Byte Byte Byte Byte Word Word
Access Access Access Access Access Access
(Address (Address (Address (Address (Address (Address Longword
Pin 4n) 4n + 1) 4n +2) 4n + 3) 4n) 4n +2) Access
CS6'to CSO Enabled Enabled Enabled Enabled Enabled Enabled Enabled
RD R High High High High High High High
W  High High High High High High High
RD/WR R High High High High High High High
W Low Low Low Low Low Low Low
BS Enabled Enabled Enabled Enabled Enabled Enabled Enabled
RASICE Low Low Low Low Low Low Low
CAS/CASLL/OE Low Low Low Low Low Low Low
CASLH High High High High High High High
CASHL/CAS2L High High High High High High High
CASHH/CAS2H High High High High High High High
DQMLL/WEQ R High High High High High High High
W  Low High High High Low High Low
DQMLU/WET R High High High High High High High
W  High Low High High Low High Low
DQMUL/WE2/ICIORD R  High High High High High High High
W  High High Low High High Low Low
DQMUU/WEB/ICIOWR R  High High High High High High High
W  High High High Low High Low Low
MD3/CE2A High-Z or High-Z or High-Z or High-Z or High-Z or High-Z or High-Z or
high'* high high high® high™® high™® high'*
MD4/CE2B High-Z or High-Z or High-Z or High-Z or High-Z or High-Z or High-Z or
high"? high™ high™ high™ high™ high high"?
MD5/RAS2 High-Z High-Z High-Z High-Z High-Z High-Z High-Z
CKE Disabled Disabled Disabled Disabled Disabled Disabled Disabled
WAIT Disabled Disabled Disabled Disabled Disabled Disabled Disabled
IoIs16 Disabled Disabled Disabled Disabled Disabled Disabled Disabled
A25 to A0 Address  Address  Address Address Address Address  Address
D7 to DO Valid Invalid Invalid Invalid Valid Invalid Valid
data data data data data data data
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Table A.11 Pin

States (Pseudo-SRAM/Little-Endian) (cont)

32-Bit Bus Width

Byte Byte Byte Byte Word Word

Access Access Access Access Access Access

(Address (Address (Address (Address (Address (Address Longword
Pin 4n) 4n + 1) 4n +2) 4n + 3) 4n) 4n +2) Access
D15 to D8 Invalid Valid Invalid Invalid Valid Invalid Valid

data data data data data data data
D23 to D16/ Invalid Invalid Valid Invalid Invalid Valid Valid
PORT7 to PORTO data data data data data data data
D31to D24 Invalid Invalid Invalid Valid Invalid Valid Valid

data data data data data data data

Notes: 1. When BCR1.A5PCM = 0, high-Z.
2. When BCR1.A6PCM = 0, high-Z.
3. When BCR2.PORTEN = 0, high-Z. When BCR2.PORTEN = 1, dependent on PCTR

register.

4. When BCR2.PORTEN = 0, high-Z. When BCR2.PORTEN = 1, D31 and D30 only data

output.
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Table A.12

Pin States (Pseudo-SRAM/Big-Endian)

16-Bit Bus Width

Byte Access Byte Access Word/Longword

Pin (Address 2n) (Address 2n + 1) Access
CS6to CSO Enabled Enabled Enabled
RD R  High High High

W  High High High
RD/WR R  High High High

W  Low Low Low
BS Enabled Enabled Enabled
RASICE Low Low Low
CAS/CASLL/OE Low Low Low
CASLH High High High
CASHL/CAS2L High High High
CASHH/CAS2H High High High
DQMLL/WEQ R  High High High

W  High Low Low
DQMLU/MWET R  High High High

W  Low High Low
DQMUL/WE2/ICIORD R  High High High

W  High High High
DQMUU/WEB/ICIOWR R  High High High

W  High High High
MD3/CE2A High-Z or high™ High-Z or high" High-Z or high™
MD4/CE2B High-Z or high™ High-Z or high™ High-Z or high™
MD5/RAS2 High-Z High-Z High-Z
CKE Disabled Disabled Disabled
WAIT Disabled Disabled Disabled
10IS16 Disabled Disabled Disabled
A25 to A0 Address Address Address
D7 to DO Invalid data Valid data Valid data
D15 to D8 Valid data Invalid data Valid data
D23 to D16/ High-Z"3 High-Z"3 High-Z"3
PORT7 to PORTO
D31to D24 High-Z* High-Z* High-z*
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Table A.12 Pin States (Pseudo-SRAM/Big-Endian) (cont)

32-Bit Bus Width

Byte Byte Byte Byte Word Word
Access Access Access Access Access Access
(Address (Address (Address (Address (Address (Address Longword

Pin 4n) 4n + 1) 4n +2) 4n + 3) 4n) 4n +2) Access
CS6to CSO Enabled Enabled Enabled Enabled Enabled Enabled  Enabled
RD R High High High High High High High
W  High High High High High High High
RD/WR R High High High High High High High
W  Low Low Low Low Low Low Low
BS Enabled Enabled Enabled Enabled Enabled Enabled Enabled
RASICE Low Low Low Low Low Low Low
CAS/CASLL/OE Low Low Low Low Low Low Low
CASLH High High High High High High High
CASHL/CAS2L High High High High High High High
CASHH/CAS2H High High High High High High High
DQMLL/WEO R High High High High High High High
W  High High High Low High Low Low
DQMLU/WET R High High High High High High High
W  High High Low High High Low Low
DQMUL/WE2/ICIORD R  High High High High High High High
W  High Low High High Low High Low
DQMUU/WEB/ICIOWR R  High High High High High High High
W  Low High High High Low High Low
MD3/CE2A High-Z or High-Z or High-Z or High-Z or High-Z or High-Z or High-Z or
high™® high'* high high high® high™® high™®
MD4/CE2B High-Z or High-Z or High-Z or High-Z or High-Z or High-Z or High-Z or
high high" high™ high™ high™ high™ high
MD5/RAS2 High-Z High-Z High-Z High-Z High-Z High-Z High-Z
CKE Disabled Disabled Disabled Disabled Disabled Disabled Disabled
WAIT Disabled Disabled Disabled Disabled Disabled Disabled Disabled
10IS16 Disabled Disabled Disabled Disabled Disabled Disabled Disabled
A25to A0 Address  Address  Address Address Address Address  Address
D7 to DO Invalid Invalid Invalid Valid Invalid Valid Valid
data data data data data data data
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Table A.12 Pin

States (Pseudo-SRAM/Big-Endian) (cont)

32-Bit Bus Width

Byte Byte Byte Byte Word Word

Access Access Access Access Access Access

(Address (Address (Address (Address (Address (Address Longword
Pin 4n) 4n + 1) 4n +2) 4n + 3) 4n) 4n +2) Access
D15to D8 Invalid Invalid Valid Invalid Invalid Valid Valid

data data data data data data data
D23 to D16/ Invalid Valid Invalid Invalid Valid Invalid Valid
PORT7 to PORTO data data data data data data data
D31to D24 Valid Invalid Invalid Invalid Valid Invalid Valid

data data data data data data data

Notes: 1. When BCR1.A5PCM = 0, high-Z.
2. When BCR1.A6PCM = 0, high-Z.
3. When BCR2.PORTEN = 0, high-Z. When BCR2.PORTEN = 1, dependent on PCTR

register.

4. When BCR2.PORTEN = 0, high-Z. When BCR2.PORTEN = 1, D31 and D30 only data

output.
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Table A.13 Pin States (PCMCIA/Little-Endian)

PCMCIA Memory Interface (Area 5)

8-Bit Bus Width

16-Bit Bus Width

Byte/Word/Long- Byte Access Byte Access Word/Longword

Pin word Access (Address 2n) (Address 2n +1) Access
CS6to CSO Enabled Enabled High Enabled
RD R Low Low Low Low

W  High High High High
RD/WR R  High High High High

W  Low Low Low Low
BS Enabled Enabled Enabled Enabled
RASICE High High High High
CAS/CASLL/OE High High High High
CASLH High High High High
CASHL/CAS2L High High High High
CASHH/CAS2H High High High High
DQMLL/WEQO R  High High High High

W  High High High High
DQMLU/MWET R  High High High High

W  Low Low Low Low
DQMUL/WE2/ICIORD R  High High High High

W  High High High High
DQMUU/WES/ICIOWR R  High High High High

W  High High High High
MD3/CE2A High High Low Low
MD4/CE2B High-Z or high™ High-Z or high" High-Z or high" High-Z or high"
MD5/RAS2 High-Z or high™ High-Z or high™ High-Z or high™ High-Z or high™
CKE Disabled Disabled Disabled Disabled
WAIT Enabled™ Enabled™ Enabled™ Enabled™
10IS16 Disabled Disabled Disabled Disabled
A25to A0 Address Address Address Address
D7 to DO Valid data Valid data Invalid data Valid data
D15to D8 High-Z Invalid data Valid data Valid data
D23 to D16/ High-Z"> High-Z"® High-Z"® High-Z"®
PORT7 to PORTO
D31 to D24 High-Z'6 High-Z'® High-Z'® High-Z'®
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Table A.13 Pin States (PCMCIA/Little-Endian) (cont)

PCMCIA Memory Interface PCMCIA/IO Interface
(Area 6) (Area 6)
8-Bit 8-Bit
Bus Bus
Width 16-Bit Bus Width Width 16-Bit Bus Width
Byte/ Byte Byte/ Byte
Word/  Byte Access Word/ Word/ Byte Access Word/
Long- Access (Ad- Long- Long- Access (Ad-dressLong-
word (Ad- dress word word (Ad- 2n+1) word
Pin Access dress2n)2n+1) Access Access dress 2n) Access
CS6 to CSO Enabled Enabled High Enabled Enabled Enabled High Enabled
RD R Low Low Low Low High High High High
W  High High High High High High High High
RD/WR R High High High High High High High High
W Low Low Low Low Low Low Low Low
BS Enabled Enabled Enabled Enabled Enabled Enabled Enabled Enabled
RASICE High High High High High High High High
CAS/CASLL/OE High High High High High High High High
CASLH High High High High High High High High
CASHL/CAS2L High High High High High High High High
CASHH/CAS2H High High High High High High High High
DQMLL/WEQ R High High High High High High High High
W  High High High High High High High High
DQMLU/WET R High High High High High High High High
W  Low Low Low Low High High High High
DQMUL/WE2/ICIORD R  High High High High Low Low Low Low
W  High High High High High High High High
DQMUU/WEB/ICIOWR R  High High High High High High High High
W  High High High High Low Low Low Low
MD3/CE2A High-Zz  High-Z High-Z High-Z High-Z High-Z High-Z High-Z
orhigh™ orhigh™ orhigh™ orhigh™ orhigh™ orhigh™ orhigh™ or high™
MD4/CE2B High High Low Low High High Low Low
MD5/RAS2 High-Z High-Z High-Z High-Z High-Z High-Z High-Z High-Z
orhigh® orhigh® orhigh® orhigh® orhigh® orhigh® orhigh® or high
CKE Disabled Disabled Disabled Disabled Disabled Disabled Disabled Disabled
WAIT Enabled™ Enabled™ Enabled™ Enabled” Enabled” Enabled” Enabled” Enabled™
IoIs16 Disabled Disabled Disabled Disabled Disabled Disabled Enabled Enabled
A25 to A0 Address Address Address Address Address Address Address Address
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Table A.13 Pin States (PCMCIA/Little-Endian) (cont)

PCMCIA Memory Interface PCMCIA/IO Interface
(Area 6) (Area 6)
8-Bit 8-Bit
Bus Bus
Width 16-Bit Bus Width Width 16-Bit Bus Width
Byte/ Byte Byte Byte/ Byte Byte
Word/  Access Access Word/ Word/ Access Access Word/
Long- (Ad- (Ad- Long- Long- (Ad- (Ad-dressLong-
word dress 2n) dress word word dress2n)2n+1) word
Pin Access 2n+1) Access Access Access
D7 to DO Valid Valid Invalid  Valid Valid Valid Invalid Valid
data data data data data data data data
D15 to D8 High-Z Invald  Valid Valid High-Z Invald  Valid Valid
data data data data data data
D23 to D16/ High-Z"> High-Z"> High-Z"® High-Z"> High-Z"> High-Z"® High-Z"> High-Z"
PORT7 to PORTO
D31 to D24 High-Z'® High-Z'® High-Z'® High-Z'® High-Z'® High-Z'® High-Z'® High-Z®

Notes: 1. When BCR1.A5PCM = 0, high-Z.
2. When BCR1.A6PCM = 0, high-Z.
3. When BCR1.DRAMTP (2-0) # 101, high-Z.
4. When WCR2 register wait setting is 0, disabled.
5

. When BCR2.PORTEN = 0, high-Z. When BCR2.PORTEN = 1, dependent on PCTR
register.

6. When BCR2.PORTEN =0, high-Z. When BCR2.PORTEN =1, D31 and D30 only data
output.
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Table A.14

Pin States (PCMCIA/BIG-Endian)

PCMCIA Memory Interface (Area 5)

8-Bit Bus Width

16-Bit Bus Width

Byte/Word/Long- Byte Access Byte Access Word/Longword

Pin word Access (Address 2n) (Address 2n +1) Access
CS6to CSO Enabled Enabled High Enabled
RD R Low Low Low Low

W  High High High High
RD/WR R  High High High High

W  Low Low Low Low
BS Enabled Enabled Enabled Enabled
RASICE High High High High
CAS/CASLL/OE High High High High
CASLH High High High High
CASHL/CAS2L High High High High
CASHH/CAS2H High High High High
DQMLL/WEQO R  High High High High

W  High High High High
DQMLU/MWET R  High High High High

W  Low Low Low Low
DQMUL/WE2/ICIORD R  High High High High

W  High High High High
DQMUU/WEB/ICIOWR R  High High High High

W  High High High High
MD3/CE2A High High Low Low
MD4/CE2B High-Z or high" High-Z or high™ High-Z or high™ High-Z or high™
MD5/RAS2 High-Z or high™ High-Z or high™ High-Z or high™ High-Z or high™
CKE Disabled Disabled Disabled Disabled
WAIT Enabled™ Enabled™ Enabled™ Enabled™
I0Is16 Disabled Disabled Disabled Disabled
A25 to A0 Address Address Address Address
D7 to DO Valid data Invalid data Valid data Valid data
D15to D8 High-Z Valid data Invalid data Valid data
D23 to D16/ High-Z" High-Z"® High-Z"® High-Z"®
PORT7 to PORTO
D31 to D24 High-Z'® High-z'¢ High-Z'® High-Z"®
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Table A.14 Pin States (PCMCIA/BIG-Endian) (cont)

PCMCIA Memory Interface PCMCIA/IO Interface
(Area 6) (Area 6)
8-Bit 8-Bit
Bus Bus
Width 16-Bit Bus Width Width 16-Bit Bus Width
Byte/ Byte Byte/ Byte
Word/  Byte Access Word/ Word/ Byte Access Word/
Long- Access (Ad- Long- Long- Access (Ad- Long-
word (Ad- dress word word (Ad- dress word
Pin Access dress2n)2n+1) Access Access dress?2n)2n+1) Access
CS6 to CSO Enabled Enabled High Enabled Enabled Enabled High Enabled
RD R Low Low Low Low High High High High
W  High High High High High High High High
RD/WR R High High High High High High High High
W  Low Low Low Low Low Low Low Low
BS Enabled Enabled Enabled Enabled Enabled Enabled Enabled Enabled
RAS/CE High High High High High High High High
CAS/CASLL/OE High High High High High High High High
CASLH High High High High High High High High
CASHL/CAS2L High High High High High High High High
CASHH/CAS2H High High High High High High High High
DQMLL/WEO R High High High High High High High High
W  High High High High High High High High
DQMLU/WET R High High High High High High High High
W  Low Low Low Low High High High High
DQMUL/WE2/ICIORD R  High High High High Low Low Low Low
W  High High High High High High High High
DQMUU/WEB/ICIOWR R  High High High High High High High High
W  High High High High Low Low Low Low
MD3/CE2A High-Zz High-Z High-Z High-Zz High-Z High-Z High-Z High-Z
orhigh™ orhigh™ orhigh™ orhigh™ orhigh™ orhigh orhigh orhigh™
MD4/CE2B High High Low Low High High Low Low
MD5/RAS2 High-Z High-Z High-Z High-Z High-Z High-Z High-Z High-Z
orhigh® orhigh® orhigh® orhigh® orhigh® orhigh® orhigh®® or high
CKE Disabled Disabled Disabled Disabled Disabled Disabled Disabled Disabled
WAIT Enabled™ Enabled™ Enabled“ Enabled” Enabled” Enabled” Enabled™ Enabled™
10IS16 Disabled Disabled Disabled Disabled Disabled Disabled Enabled Enabled
A25to A0 Address Address Address Address Address Address Address Address
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Table A.14 Pin States (PCMCIA/BIG-Endian) (cont)

PCMCIA Memory Interface PCMCIA/IO Interface
(Area 6) (Area 6)
8-Bit 8-Bit
Bus Bus
Width 16-Bit Bus Width Width 16-Bit Bus Width
Byte/ Byte Byte/ Byte
Word/  Byte Access Word/ Word/ Byte Access Word/
Long- Access (Ad- Long- Long- Access (Ad- Long-
word (Ad- dress word word (Ad- dress word
Pin Access dress2n)2n+1) Access Access dress?2n)2n+1) Access
D7 to DO Valid Invalid  Valid Valid Valid Invalid  Valid Valid
data data data data data data data data
D15 to D8 High-Zz  Valid Invalid  Valid High-Z  Valid Invalid  Valid
data data data data data data
D23 to D16/ High-Z"® High-Z"® High-Z"® High-Z"® High-Z"® High-Z"® High-Z"® High-Z"®
PORT7 to PORTO
D31 to D24 High-Z'® High-Z'® High-Z'® High-Z'® High-Z'® High-Z'® High-Z'® High-Z'®

Notes: 1. When BCR1.A5PCM = 0, high-Z.
2. When BCR1.A6PCM = 0, high-Z.
3. When BCR1.DRAMTP (2-0) # 101, high-Z.
4. When WCR2 register wait setting is 0, disabled.
5

. When BCR2.PORTEN = 0, high-Z. When BCR2.PORTEN = 1, dependent on PCTR
register.

6. When BCR2.PORTEN =0, high-Z. When BCR2.PORTEN = 1, D31 and D30 only data
output.
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Appendix B Control Registers

B.1 Register Address Map

The address map of memory-mapped control registersis shown in Table B-1. The following
modul e abbreviations are used.

MMU: Memory management unit

UBC: User bresk controller

CPG: Clock pulse generator

BSC: Busstate controller

RTC: Realtimeclock

INTC: Interrupt controller

TMU: Timer unit

SCl:  Seria communication interface controller
CAC: Cache

The Bus column shows the internal bus to which the control register is connected.

S:. System bus, to which the CPU, cache, TLB, multiplier, and UBC are connected.

C: Cache bus, to which the BSC and cache are connected.

P: Peripheral bus, to which the BSC and peripheral modules (RTC, INTC, TMU, and SCI)
are connected.

The Size column shows the register size in bits.

The Access Size column shows the size used when the control register is accessed (read or written).
If asize other than that indicated is used in an access, the result will be incorrect.
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Table B.1

Memory-Mapped Control Register Address Map

Acces
Register Abbreviation Module Bus Address Size s Size
Page table entry high PTEH MMU S HFFFFFFFO 32 32
register
Page table entry low PTEL MMU S HFFFFFFF4 32 32
register
Translation table page TTB MMU S HFFFFFFF8 32 32
register
TLB exception address TEA MMU S HFFFFFFFC 32 32
register
MMU control register MMUCR MMU S H'FFFFFFEO 32 32
Break ASID register A BASRA UBC S H'FFFFFFE4 8 8
Break ASID register B BASRB UBC S H'FFFFFFES 8 8
Cache control register CCR CAC S HFFFFFFEC 32 32
TRAPA exception register ~ TRA INTC S H'FFFFFFDO 32 32
Exception event register EXPEVT INTC S HFFFFFFD4 32 32
Interrupt event register INTEVT INTC S HFFFFFFD8 32 32
Break address register A BARA UBC S HFFFFFFBO 32 32
Break address mask BAMRA UBC S HFFFFFFB4 8 8
register A
Break bus cycle register A BBRA UBC S HFFFFFFB8 16 16
Break address register B BARB UBC S HFFFFFFAOQ 32 32
Break address mask BAMRB UBC S HFFFFFFA4 8 8
register B
Break bus cycle register B BBRB UBC S HFFFFFFA8 16 16
Break data register B BDRB UBC S H'FFFFFFO0 32 32
Break data mask register B BDMRB UBC S HFFFFFF94 32 32
Break control register BRCR UBC S HFFFFFF98 16 16
Frequency control register FRQCR CPG S HFFFFFF80 16 16
Standby control register STBCR CPG S HFFFFFF82 8 8
Watchdog timer counter WTCNT CPG S H'FFFFFF84 8 R: 8,

W: 16
Watchdog timer WTCSR CPG S H'FFFFFF86 8 R: 8,
control/status register W: 16
Bus control register 1 BCR1 BSC C H'FFFFFF60 16 16
Bus control register 2 BCR2 BSC C H'FFFFFF62 16 16
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Table B.1

Memory-Mapped Control Register Address Map (cont)

Acces
Register Abbreviation Module Bus Address Size s Size
Wait state control register 1 WCR1 BSC C HFFFFFF64 16 16
Wait state control register 2 WCR2 BSC C H'FFFFFF66 16 16
Individual memory control MCR BSC C H'FFFFFFG68 16 16
register
DRAM control register DCR BSC C HFFFFFFB6A 16 16
PCMCIA control register PCR BSC C HFFFFFF6C 16 16
Refresh timer control/status RTCSR BSC C H'FFFFFFGE 16 16
register
Refresh timer counter RTCNT BSC C H'FFFFFF70 16 16
Refresh timer constant RTCOR BSC C H'FFFFFF72 16 16
counter
Refresh count register RFCR BSC C HFFFFFF74 16 16
Port control register PCTR BSC C HFFFFFF76 16 16
Port data register PDTR BSC C HFFFFFF78 8 8
Serial port register SCSPTR SCI P HFFFFFF7C 8 8
SDRAM mode register SDMR BSC C H'FFFFD0O00 8 8
64 Hz counter R64CNT RTC P H'FFFFFECO 8 8
Second counter RSECCNT RTC P HFFFFFEC2 8 8
Minute counter RMINCNT RTC P HFFFFFEC4 8 8
Hour counter RHRCNT RTC P H'FFFFFEC6 8 8
Day-of-week counter RWKCNT RTC P HFFFFFECS8 8 8
Day counter RDAYCNT RTC P HFFFFFECA 8 8
Month counter RMONCNT RTC P HFFFFFECC 8 8
Year counter RYRCNT RTC P H'FFFFFECE 8 8
Second alarm register RSECAR RTC P H'FFFFFEDO 8 8
Minute alarm register RMINAR RTC P HFFFFFED2 8 8
Hour alarm register RHRAR RTC P HFFFFFED4 8 8
Day-of-week alarm register RWKAR RTC P H'FFFFFED6 8 8
Day alarm register RDAYAR RTC P HFFFFFEDS 8 8
Month alarm register RMONAR RTC P HFFFFFEDA 8 8
RTC control register 1 RCR1 RTC P HFFFFFEDC 8 8
RTC control register 2 RCR2 RTC P H'FFFFFEDE 8 8
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Table B.1

Memory-Mapped Control Register Address Map (cont)

Acces
Register Abbreviation Module Bus Address Size s Size
Interrupt control register ICR INTC P H'FFFFFEEO 16 16
Interrupt priority level IPRA INTC P H'FFFFFEE2 16 16
setting register A
Interrupt priority level IPRB INTC P H'FFFFFEE4 16 16
setting register B
Timer output control TOCR T™U P H'FFFFFE90 8 8
register
Timer start register TSTR T™U P H'FFFFFE92 8 8
Timer constant register O TCORO T™U P HFFFFFE94 32 32
Timer counter O TCNTO ™U P H'FFFFFE98 32 32
Timer control register 0 TCRO T™U P H'FFFFFESC 16 16
Timer constant register 1 TCOR1 T™U P HFFFFFEAO 32 32
Timer counter 1 TCNT1 ™U P H'FFFFFEA4 32 32
Timer control register 1 TCR1 T™U P HFFFFFEA8 16 16
Timer constant register 2 TCOR2 T™MU P HFFFFFEAC 32 32
Timer counter 2 TCNT2 ™U P H'FFFFFEBO 32 32
Timer control register 2 TCR2 T™U P HFFFFFEB4 16 16
Input capture register 2 TCPR2 ™U P H'FFFFFEBS 32 32
Serial mode register SCSMR SCI P H'FFFFFE80 8 8
Bit rate register SCBRR SClI P HFFFFFE82 8 8
Serial control register SCSCR SCI P HFFFFFE84 8 8
Transmit data register SCTDR SCI P H'FFFFFE86 8 8
Serial status register SCSSR SCI P H'FFFFFES8 8 8
Receive data register SCRDR SCI P HFFFFFESA 8 8
Smartcard mode register SCSCMR SCI P HFFFFFESC 8 8
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B.2 Register Bit List

A register bit list is shown in table B.2

Table B.2 Register Bit List

Abbreviation  Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 Module
SDMR — — — — BSC
SCSMR C/A CHR PE OfE STOP MP CKS1 CKSO0 SCI
SCBRR SCI
SCSCR TIE RIE TE RE MPIE TEIE CKE1 CKEO SCI
SCTSR SCI
SCTDR SCI
SCSSR TDRE RDRF ORER FER PER TEND MPB MPBT SCI
SCRSR SCI
SCRDR SCI
SCSCMR — — — — SDIR SINV — SMIF SCI
TOCR — — — — — — — TCOE TMU
TSTR — — — — — STR2 STR1 STRO T™MU
TCORO T™MU
TCNTO T™MU
TCRO — — — — — — — UNF T™MU
— — UNIE CKEG1 CKEGO TPSC2 TPSC1 TPSCO
TCOR1 T™MU
TCNT1 T™MU
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Table B.2 Register Bit List (cont)

Abbreviation  Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 Module

TCR1 — — — — — — — UNF  TMU
— — UNIE CKEG1 CKEGO TPSC2 TPSC1 TPSCO
TCOR2 TMU
TCNT2 TMU
TCR2 — — — — — — ICPF UNF  TMU
ICPE1 ICPEO UNIE CKEG1 CKEGO TPSC2 TPSC1 TPSCO
TCPR2 TMU
R64CNT — 1Hz 2Hz 4Hz 8Hz 16Hz 32Hz 64Hz RTC
RSECCNT — 10 seconds10 seconds10 secondsl 1 1 1 RTC
second second second  second
RMINCNT — 10 minutes 10 minutes 10 minutes 1 1 1 1 RTC
minute minute minute minute
RHRCNT — — 10hours 10hours 1hours 1 hour 1 hour 1 hour RTC
RWKCNT — — — — — Day of Day of Day of RTC
week week week
RDAYCNT — — 10days 10days 1lday 1day 1day 1day RTC
RMONCNT — — — 10 months 1month  1month 1month 1month RTC
RYRCNT 10years 10years 10years 10years 1year 1year 1year 1year RTC
RSECAR ENB 10 seconds10 seconds10 secondsl second 1second 1second 1second RTC
RMINAR ENB 10 minutes 10 minutes 10 minutes 1 minute 1 minute 1 minute 1 minute RTC
RHRAR ENB — 10 hours 10 hours 1 hour 1 hour 1 hour 1 hour RTC
RWKAR ENB — — — — Day of Day of Day of RTC
week week week
RDAYAR ENB — 10days 10days 1day 1day 1day 1day RTC
RMONAR ENB — — 10 months 1month  1month 1month 1month RTC
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Table B.2 Register Bit List (cont)

Abbreviation  Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 Module

RCR1 CF — — CIE AE — — AF RTC

RCR2 PEF PES2 PESI  PESO  RTCEN ADJ RESET START RTC

ICR NMIL  — — — — — — NMIE  INTC

IPRA TMUO TMUO  TMUO  TMUO TMU1 TMU1  TMU1  TMULl  INTC
TMU2  TMU2 TMU2 TMU2 RTC RTC RTC RTC

IPRB WDT  WDT  WDT  WDT  REF REF REF REF INTC
scl scl scl scl — — — —

BCR1 — — HIZMEM* HIZCNT ENDIAN AOBST1 AOBSTO AS5BST1 BSC
ASBSTO A6BST1 A6BSTO DRAMTP2 DRAMTP1 DRAMTPO ASPCM  ABPCM

BCR2 — — ABSZ1  ABSZO  A5SZL  ASSZ0  A4SZI  A4SZ0  BSC
A3SZ1  A3SZ0 A2SZ1  A2SZ0  AISZI  AISZ0  — PORTEN

WCR1 — — ABIWL  ABIWO  A5IW1  A5WO A4WI1  A4WO  BSC
A3W1  A3WO A2W1 A2WO0 ALWIL ALWO AOWIL  AOIWO

WCR2 ABW2  ABW1 ~ ABWO  ASW2  ASW1  ASWO  A4W2  A4W1  BSC
AAWO  A3W1  A3WO  AL-2W1 AI-2WO0 AOW2  AOW1  AOWO

MCR TPC1 TPCO RCD1 RCDO TRWL1I TRWLO TRAS1 TRASO BSC
— BE sz AMX1  AMX0 RFSH RMODE EDOMODE

DCR TPC1 TPCO RCD1 RCDO — — TRASI TRASO BSC
— BE — AMX1 ~ AMX0 RFSH RMODE —

PCR — — — — — — — — BSC
ASTED1 ASTEDO A6TED1 A6TEDO ASTEH1 ASTEHO A6TEH1 A6TEHO

RTCSR — — — — — — — — BSC
CMF  CMIE  CKS2 CKS1 CKSO  OVF OVIE  LMTS

RTCNT — — — — — — — — BSC

RTCOR — — — — — — — — BSC

RFCR — — — — — — BSC

PCTR PB7PUP PB7I0  PB6PUP PB6IO  PBSPUP PBSIO  PB4PUP PB4IO 1O
PB3PUP PB3I0O  PB2PUP PB2I0  PBIPUP PBLIO  PBOPUP PBOIO

PDTR PB7DT PB6DT PB5DT PB4DT PB3DT PB2DT PBIDT PBODT IO

SCSPTR — — — — SPBLIO SPBIDT SPBOIO SPBODT 1/O
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Table B.2 Register Bit List (cont)

Abbreviation  Bit7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 Module
FRQCR STC2 IFC2 PFC2 — — — — CKOEN CPG
PLLEN PSTBY STC1 STCO IFC1 IFCO PFC1 PFCO
STBCR sTBY  — — — — MSTP2 MSTP1 MSTPO  Power-
down
states
WTCNT CPG
WTCSR TME WTAT RSTS WOVF IOVF CKS2 CKS1 CKS0 CPG
BDRB BDB31 BDB30 BDB29 BDB28 BDB27 BDB26 BDB25 BDB24 uBC
BDB23 BDB22 BDB21 BDB20 BDB19 BDB18 BDB17 BDB16
BDB15 BDB14 BDB13 BDB12 BDB11 BDB10 BDB9 BDB8
BDB7 BDB6 BDB5 BDB4 BDB3 BDB2 BDB1 BDBO
BDMRB BDM31 BDM30 BDM29 BDM28 BDM27 BDM26 BDM25 BDM24 UBC
BDM23 BDM22 BDM21 BDM20 BDM19 BDM18 BDM17 BDM16
BDM15 BDM14 BDM13 BDM12 BDM11 BDM10 BDM9 BDM8
BDM7 BDM6 BDM5 BDM4 BDM3 BDM2 BDM1 BDMO
BRCR CMFA CMFB — — — PCBA — — uBC
DBEB PCBB — — SEQ — — —
BARB BAB31 BAB30 BAB29 BAB28 BAB27 BAB26 BAB25 BAB24 uBC
BAB23 BAB22 BAB21 BAB20 BAB19 BAB18 BAB17 BAB16
BAB15 BAB14 BAB13 BAB12 BAB11 BAB10 BAB9 BABS8
BAB7 BAB6 BAB5 BAB4 BAB3 BAB2 BAB1 BABO
BAMRB — — — — — BASMB BAMB1 BAMBO UBC
BBRB — — — — — — — — UBC
— — IDB1 IDBO RWB1 RWBO SZB1 SZB0
BARA BAA31 BAA30 BAA29 BAA28 BAA27 BAA26 BAA25 BAA24 uUBC
BAA23 BAA22 BAA21 BAA20 BAA19 BAA18 BAA17 BAA16
BAA15 BAA14 BAA13 BAA12 BAA11l BAA10 BAA9 BAA8
BAA7 BAAG6 BAA5 BAA4 BAA3 BAA2 BAA1 BAAO
BAMRA — — — — — BASMA BAMA1 BAMAO UBC
BBRA — — — — — — — — UBC
— — IDA1 IDAO RWA1 RWAO SZA1 SZA0
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Table B.2 Register Bit List (cont)

Abbreviation  Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 Module

TRA — — — — — — — — CCN
EXPEVT — — — — — — — — CCN
INTEVT — — — — — — — — CCN
MMUCR — — — — — — — — CCN
— — — — — — — sv
— — RC RC — TF X AT
BASRA BASA7 BASA6 BASA5 BASA4 BASA3 BASA2 BASAl BASA0 UBC
BASRB BASB7 BASB6 BASB5 BASB4 BASB3 BASB2 BASB1 BASBO UBC
CCR — — — — — — — — CCN
— — RA 0 CF cB wT CE
PTEH CCN
PTEL CCN
— v
— PR PR sz C D SH —
TTB CCN
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Table B.2 Register Bit List (cont)

Abbreviation Bit7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 Module
TEA CCN
Legend
SCI:  Serial communication interface
TMU:  Timer unit
RTC: Real time clock
INTC: Interrupt controller
BSC: Bus state controller
CPG: Clock pulse generator
UBC: User break controller
CCN: Cache controller unit
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B.3

Register States in Reset and Power-Down States

Table B.3 Register States in Reset and Power-Down States

Reset States

Power-Down States

Module Register Power-On Manual Standby Sleep
CPU RO-R15 Undefined Undefined Held Held
MACH, MACL Undefined Undefined Held Held
PR Undefined Undefined Held Held
PC H'A0000000 H'A0000000 Held Held
SR Initialized™? Initialized™? Held Held
SSR Undefined Undefined Held Held
SPC Undefined Undefined Held Held
GBR Undefined Undefined Held Held
VBR H'00000000 H'00000000 Held Held
MMU PTEH Undefined Undefined Held Held
PTEL Undefined Undefined Held Held
TTB Undefined Undefined Held Held
TEA Undefined Undefined Held Held
MMUCR Initialized*2 Initialized*2 Held Held
Cache CCR H'00000000 H'00000000 Held Held
INTC ICR H'8000/H'0000" H'8000/H'0000"  Held Held
IPRA H'0000 H'0000 Held Held
IPRB H'0000 H'0000 Held Held
TRA Undefined Undefined Held Held
EXPEVT H'00000000 H'00000020 Held Held
INTEVT Undefined Undefined Held Held
UBC BARA Undefined Held Held Held
BASRA Undefined Held Held Held
BAMRA Undefined Held Held Held
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Table B.3 Register States in Reset and Power-Down States (cont)

Reset States

Power-Down States

Module Register Power-On Manual Standby Sleep
UBC BBRA H'0000 H'0000 Held Held
BARB Undefined Held Held Held
BAMRB Undefined Held Held Held
BASRB Undefined Held Held Held
BBRB H'0000 H'0000 Held Held
BDMRB Undefined Held Held Held
BDRB Undefined Held Held Held
BRCR H'0000 H'0000 Held Held
CPG STBCR H'00 Held Held Held
FRQCR H'0102™ Held Held Held
WTCNT H'00™ Runs Runs Runs
WTCSR H'00™ Runs Runs Runs
BSC BCR1 H'0000 Held Held Held
BCR2 H'3FFC Held Held Held
WCR1 H'3FFF Held Held Held
WCR2 HFFFF Held Held Held
MCR H'0000 Held Held Held
DCR H'0000 Held Held Held
PCR H'0000 Held Held Held
RTCSR H'0000 Runs Held Runs
RTCNT H'0000 Runs Held Runs
RTCOR H'0000 Held Held Held
RFCR H'0000 Runs Held Runs
PCTR H'0000 Held Held Held
PDTR Undefined Held Held Held
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Table B.3 Register States in Reset and Power-Down States (cont)

Reset States Power-Down States
Module Register Power-On Manual Standby Sleep
™U TOCR H'00 H'00 Held Held
TSTR H'00 H'00 Initialized/ Held
Held"
TCORO HFFFFFFFF H'FFFFFFFF Held Held
TCNTO HFFFFFFFF HFFFFFFFF Held/Runs™ Runs
TCRO H'0000 H'0000 Held/Runs™ Runs
TCOR1 HFFFFFFFF H'FFFFFFFF Held Held
TCNT1 HFFFFFFFF HFFFFFFFF Held/Runs™ Runs
TCR1 H'0000 H'0000 Held/Runs™ Runs
TCOR2 HFFFFFFFF H'FFFFFFFF Held Held
TCNT2 HFFFFFFFF HFFFFFFFF Held/Runs™ Runs
TCR2 H'0000 H'0000 Held/Runs™ Runs
TCPR2 Undefined Undefined Held Held
RTC RBACNT Undefined Runs Runs Runs
RSECCNT Runs Runs Runs Runs
RMINCNT Runs Runs Runs Runs
RHRCNT Runs Runs Runs Runs
RWKCNT Runs Runs Runs Runs
RDAYCNT Runs Runs Runs Runs
RMONCNT Runs Runs Runs Runs
RYRCNT Runs Runs Runs Runs
RSECAR Held"® Held Held Held
RMINAR Held™® Held Held Held
RHRAR Held"® Held Held Held
RWKAR Held"® Held Held Held
RDAYAR Held™® Held Held Held
RMONAR Held"® Held Held Held
RCR1 H'00 Initialized™” Held Held
RCR2 H'09 Initialized™8 Held Held
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Table B.3 Register States in Reset and Power-Down States (cont)

Reset States Power-Down States
Module Register Power-On Manual Standby Sleep
SCl SCSMR H'00 H'00 H'00 H'00"10
SCBRR HFF H'FF HFF H'FF10
SCSCR H'00 H'00 H'00 H'00"10
SCTDR HFF H'FF HFF H'FF'10
SCSSR H'84 H'84 H'84 H'84"10
SCRDR H'00 H'00 H'00 H'00"10
SCSPTR Initialized™® Held Held Held
SCSCMR Initialized*11 Initialized™11 Initialized!  Initialized™?

Notes: 1. MD=1,RB=1,BL=1,13-10=B'1111
M, Q, S, T are undefined.

2. The SV bit is undefined, other bits = 0.
H'8000: NMI pin is high / H'0000: NMI pin is low.
Initialized in a power-on reset via the RESET pin.
Held in a power-on reset via the WDT.
Depends on the count clock mode.
Only the ENB bit is cleared.
CF bit is undefined, other bits = 0.
RTCEN and START are held, other bits = 0.
. Bits 2 and 0 are undefined, other bits = 0
10.Held when SCl is operating, initialized when SCl is not used.
11.Bits 0, 2, and 3 are cleared, other bits are undefined.
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Appendix C Delay Time Variation Due to Load Capacitance

A graph (reference data) of the variation in delay time when aload capacitance greater than that
stipulated is connected to the SH7708 Series' pins. The graph shown in figure C.1 should be taken
into consideration if the stipulated capacitance is exceeded in connecting an external device.

The graph will not be linear if the connected load capacitance exceeds the range shown in figure
C.1.
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Figure C.1  Load Capacitance vs. Delay Time
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Appendix D Package Dimensions
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Figure D.1 Package Dimensions (FP-144F: SH7708, SH7708S, SH7708R)
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Unit: mm
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Figure D.2 Package Dimensions (TFP-144: SH7708S)
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