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Notice

When using this document, keep the following in mind:
1. This document may, wholly or partially, be subject (o change withoul notice.

2. All rights are reserved: No one is permitted to reproduce or duplicate, in any form, the whole
or part of this document without Hitachi’s permission.

3. Hitachi will not be held responsible for any damage to the user that may result from accidents
or any other reasons during operation of the user’s unit according to this document.

4. Circuitry and other examples described herein are meant merely to indicate the characteristics
and performance of Hitachi’s semiconductor products. Hitachi assumes no responsibility for
any intellectual property claims or other problems that may result from applications based on
the examples described herein.

5. No license is granted by implication or otherwise under any patents or other rights of any third
party or Hitachi, Ltd.

6. MEDICAL APPLICATIONS: Hitachi’s products are not authorized for use in MEDICAL
APPLICATIONS without the written consent of the appropriate officer of Hitachi’s sales
company. Such use includes, but is not limited to, use in life support systems. Buyers of
Hitachi’s products are requested to notify the relevant Hitachi sales offices when planning to
use the products in MEDICAL APPLICATIONS.
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Section 1 Overview and Pin Functions

1.1 SH7729 Features

This LSTI is a single-chip RISC microprocessor that integrates a 32-bit RISC-type SuperH RISC
engine architecture CPU with digital signal processing (DSP) extension as its core that has a cache
memory, an on-chip X/Y memory, and a memory management unit (MMU) as well as peripheral
functions required for system configuration such as a timer, a realtime clock, an interrupt
controller, and a serial communication interface. This LST includes data protection and virtual
memory functions, and was designed by building a memory management unit onto an SuperH
RISC engine microprocessor (SH-1 or SH-2). SH7729 chip has the same peripheral modules as
SH7709 but with larger cache size, on-chip DSP module, on-chip X/Y memory, and emulator
support.

High-speed data transfers with a direct memory access controller (DMAC) are implemented. An
external memory access support function enables direct connection (0 each memory. The SH7729
microprocessor also supports, an infrared communication function, an A/D converter, and a D/A
converter.

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

The features of this LSI are listed in table 1.1.
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Table 1.1 SH7729 Features

Item

Features

CPU

Original Hitachi SuperH architecture

Obiject code level compatible with SH-1, SH-2 and SH-3 (SH7708)
32-bit internal data paths

General-register files

— Sixteen 32-bit general registers (eight 32-bit shadow registers)
— Eight 32-bit control registers

— Four 32-bit system registers

RISC-type instruction set

— Instruction length: 16-bit fixed length for improved code efficiency
— Load-store architecture

— Delayed branch instructions

— Instruction set based on C language

Instruction execution time: one instruction/cycle for basic instructions
Logical address space: 4 Gbytes

Space identifier ASID: 8 bits, 256 logical address space

Five-stage pipeline

DSP

Mixture of 16-bit and 32-bit instructions

32-/40-bit internal data paths

Multiplier, ALU, barrel shifter and register file

16 bits x 16 bits — 32-bit one cycle multiplier

Large DSP data register file

— Six 32-bit data registers

— Two 40-bit data registers

Extended Harvard Architecture for DSP datapath

— Two data buses

— One instruction bus

Max. four parallel operations: ALU, multiply and two load or store
Two addressing units to generate addresses for two memory access

DSP data addressing modes: increment, indexing (with or without modulo
addressing)

Zero overhead repeat loop control
Conditional execution instructions

User-DSP mode and privileged-DSP mode
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Table 1.1 SH7729 Features (cont)

Item Features

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

® Three types of clocks generated:

— CPU clock: 1-16 times the input clock, maximum 133 MHz

— Bus clock: 1-4 times the input clock, maximum 66 MHz

— Peripheral clock: 1/4—4 times the input clock, maximum 33 MHz
» Power-down modes:

— Sleep mode

— Standby mode

— Module standby mode

* One-channel watchdog timer

Memory e 4 Gbytes of address space, 256 address spaces (ASID 8 bits)
management

unit (MMU) s Page unit sharing

» Supports multiple page sizes: 1, 4 Kbytes
e 128-entty, 4-way set associative TLB

* Supports software selection of replacement method and random-replacement
algorithms

e Contents of TLB are directly accessible by address mapping

Cache memory e 16-kbyte cache, mixed instruction/data
s 256 entries, 4-way set associative, 16-byte block length
s Write-back, write-through, LRU replacement algorithm
* 1-stage write-back buffer

e Maximum 2 ways of the cache can be locked

X/Y memory * User-selectable mapping mechanism

— Fixed mapping for mission-critical realtime applications
— Automatic mapping through TLB for easy to use

e 3 independent read/write ports
— 8-/16-/32-bit access from the GPU
— Maximum two 16-bit accesses from the DSP
— 8-/16-/32-access from the DMAC

e 8-KB RAM for X and Y memory each
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Table 1.1 SH7729 Features (cont)

Item Features

Interrupt e Eleven external interrupt pins (NMI, IRQ5—-IRQO, IRL3-IRLO)
controller e On-chip peripheral interrupts: set priority levels for each module
User break e 2 break channels

controller

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

e Supports a sequential break function

Bus state e Physical address space divided into six areas, each a maximum 64 Mbytes,
controller with the following features settable for each area:

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

— Setting the type of space enables direct connection to SRAM, DRAM,
SDRAM, and burst ROM

— Supports PCMCIA interface (2 channels)

— Outputs chip select signal (CS0, CS2-CS86) for corresponding area
¢ DRAM/SDRAM refresh function

— Programmable refresh interval

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

— Supports power-down DRAM
e DRAM/SDRAM burst access function

¢ Usable as either big or little endian machine

User-debugging e E10A emulator support

Interface ¢ JTAG-standard pin assignment

¢ Realtime branch address trace

¢ 1-KB on-chip RAM for fast emulation program execution
Timer ¢ 3-channel auto-reload-type 32-bit timer

¢ Input capture function
e 6 types of counter input clocks can be selected

e Maximum resolution: 2 MHz

Realtime clock e Built-in clock, calendar functions, and alarm functions

¢ On-chip 32-kHz crystal oscillator circuit with a maximum resolution (cycle
interrupt) of 1/256 second
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Table 1.1 SH7729 Features (cont)

Item Features

Serial communi- s  Asynchronous mode or clock synchronous mode can be selected

cation interface 0 .
at terta e Full-duplex communication

* Supports smart card interface

Serial communi- & 16-byte FIFO for transmission/reception

cation interface 1 DMA can be transferred

e IrDA: interface based on 1.0

Serial communi- e 16-byte FIFO for transmission/reception

cation interface 2 ¢ DMA can be transferred

* Hardware flow control

DMA controller e 4 channels

® Burst mode and cycle-steal mode

/O port * 16 bits (at 16-bit external bus)

A/D converter * 10 bits + 4 LSB, 8 channels
e Conversion time: 10 us

* Input range: 0—Vcec (max. 3.6 V)

D/A converter s 8bits + 4 LSB, 2 channels
e Conversion time: 10 us
e Output range: 0-Vcc (max. 3.6 V)

Package e 208-pin plastic LQFP (FP-208C)
e 216-pin CSP (BT-216)

Table 1.2 Characteristics

Item Characteristics

Power supply voltage e [/0:3.3£0.3V, Internal: 1.8+0.3V

Operating frequency ¢ Internal frequency: maximum 133 MHz, and external frequency:
maximum 66 MHz

Process ¢ 0.25-um CMOS/3-layer metal
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1.2

Block Diagram
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Notes:
ADC: A/D converter IRDA:  Serial communicatiion interface (with IRDA)
ASERAM: ASE memory MMU: Memory management unit
AUD: Advanced user debugger RTC: Realtime clock
BSC: Bus state controller SCl: Serial communication interface {with smart card interface)
CACHE! Cache memory SCIF: Serial communication interface (with FIFO)
CCN: Cache memory controller TLB: Address translation buffer
CMT: Compare match timer TMU: Timer unit
CPGWDT: Clock pulse generatar/watchdog timer uBcC: User break controller
CPU: Central processing unit upbr: User-debugging interface
DAC: D/A converter XYCNT: XY memory controller
DMAC: Direct memory access controller XYMEM: XY memory
DSP: Digital signal processor
INTC: Interrupt controller

Figure 1.1

Block Diagram
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1.3

1.3.1

Pin Description

Pin Assignment
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Figure 1.2 Pin Assignment (FP-208C)

HITACHI




BRNRR

22’ 3Fas S e 3 BRRNRN

- N W ~ 01 N o ©

A BCDEFGHJKLMNPRTUV W Y AAABACADAE AF AG AH AJ

0000000000000 0000O0000000O0000O!
0000000000000 00000000000O000O0O0!
0@ T e . OO}
0 O | i O O!
10 O ! i OO!
{0 O | e¥e}
00 | e¥e}
10 O | eXe}
‘0O | t O O!
00 ! eYe}
i0 O | i OO
0O ; Ne¥e}
00 | eYe}
EO o (Top view) i 0 OE
00 i i 00
10 O ! OO
10 O Y p O O!
0 O ! N : 0 0;
EO o . INDEX MARK L0 O
{0 O | : O O!
0 O | 1 OO
10 O eYe}
0O ! 1 OO
00 ! i OO}
Ol T T RSCICICIEEENERESL A o N o
0000000000000 0000000000O00O000O;
100000000000000000000000000000;

A BCDEFGHUJKLMNPRTUV WY AAABACADAE AF AG AH AJ

Note: Sections in the dotted lines are perspective view.

BBRNBB

- N W M 1O N

Figure 1.3 Pin Assignment (CSP-216)

HITACHI




1.3.2 Pin Function

Table 1.3 SH7729 Pin Function

Number of Pins

QFP-208C CSP-216 Pin Name 1/0 Description

1 B02 MD1 | Clock mode setting

2 A02 MD2 | Clock mode setting

3 BO3 Vce-RTC™ — RTC power supply (1.8 V)

4 AO3 XTAL2 0] On-chip RTC crystal oscillator pin

5 BO4 EXTAL2 | On-chip RTC crystal oscillator pin

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

7 B0O5 NMI | Nonmaskable interrupt request

8 A05 IRQO/IRLO/PTH[0] | External interrupt requestinput
port H

9 Bo6 IRQ1ARLT/PTH[1] | External interrupt requestinput
port H

10 AO6 IRQ2/IRL2/PTHI[2] | External interrupt requestinput
port H

11 BO7 IRQ3/RL3/PTH[3] | External interrupt requestinput
port H

12 AO7 IRQ4/PTH[4] | External interrupt request/input
port H

13 B08 D31/PTB[7] l{e] Data bus / /O pert B

14 A08 D30/PTB[6] [{e] Data bus / /O port B

15 B09 D29/PTBI[5] [{e] Data bus / /O port B

16 A09 D28/PTB[4] [{e] Data bus / I/O pert B

17 B10 D27/PTBI[3] l{e] Data bus / I/0O pert B

18 A10 D26/PTB[2] l{e] Data bus / I/0O pecrt B

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

20 Al D25/PTB[1] l{e] Data bus / I/O port B

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

22 Al12 D24/PTBI[0] l{e] Data bus / /0O port B

23 B13 D23/PTA[7] /0 Data bus / I/0O port A

24 A13 D22/PTA[6] /0 Data bus / I/0O port A

25 B14 D21/PTA[5] /0 Data bus / I/0O port A
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Table 1.3 SH7729 Pin Function (cont)

Number of Pins

QFP-208C CSP-216 Pin Name 1/0 Description

26 Al4 D20/PTA[4] I/0 Data bus / /0 port A

27 B15 Vss — Power supply (0 V)

28 A15 D19/PTA[3] I/O Data bus / /0 port A

29 B16 Vce — Power supply (1.8 V)

30 Al16 D18/PTA[2] I/O Data bus / /0 port A

31 B17 D17/PTA[1] I/O Data bus / /0 port A

32 A17 D16/PTA[O] I/0 Data bus / /0 port A

33 B18 VssQ — Input/output power supply (0 V)
34 A18 D15 1/0 Data bus

35 B19 VeeQ — Input/output power supply (3.3 V)
36 A19 D14 1/0 Data bus

37 B20 D13 1/0 Data bus

38 A20 D12 1/0 Data bus

39 B21 D11 1/0 Data bus

40 A21 D10 1/0 Data bus

41 B22 D9 /0 Data bus

42 A22 D8 170 Data bus

43 B23 D7 /0 Data bus

44 A23 D6 /0 Data bus

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

47 B25 VeeQ — Input/output power supply (3.3 V)
48 A25 D4 /0 Data bus

49 B26 D3 /0 Data bus

50 A26 D2 /0 Data bus

51 B27 D1 /0 Data bus

52 A27 Do /0 Data bus

53 B28 A0 0] Address bus

54 B29 Al 0] Address bus

55 Cc28 A2 0] Address bus

10
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Table 1.3 SH7729 Pin Function (cont)

Number of Pins

QFP-208C CSP-216 Pin Name 1/0 Description

56 C29 A3 o Address bus

57 D28 VssQ — Input/output power supply (0 V)
58 D29 A4 0] Address bus

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

61 F28 A6 o Address bus

62 F29 A7 o Address bus

63 G28 A8 o Address bus

64 G29 A9 o Address bus

65 H28 A10 0] Address bus

66 H29 A1l o Address bus

67 J28 Al12 o Address bus

68 J29 A13 o Address bus

69 K28 VssQ — Input/output power supply (0 V)
70 K29 A4 o Address bus

71 L28 VeeQ — Input/output power supply (3.3 V)
72 L29 A15 0] Address bus

73 M28 A16 0] Address bus

74 M29 A17 o Address bus

75 N28 A18 o Address bus

76 N29 A19 o Address bus

77 P28 A20 o Address bus

78 P29 A21 o Address bus

79 R28 Vss — Power supply (0 V)

80 R29 A22 o Address bus

81 T28 Vce — Power supply (1.8 V)

82 T29 A23 o Address bus

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

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

HITACHI

11



Table 1.3 SH7729 Pin Function (cont)

Number of Pins

QFP-208C CSP-216 Pin Name 1/0 Description

86 V29 A25 O Address bus

87 was BS/PTK[4] O /10 Bus cycle start signal / /O port K

88 w29 RD o] Read strobe

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

90 Y29 WE1/DQMLUWE 0] D15-D8 select signal / DQM
(SDRAM)

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

PTK[6] (SDRAM) / PCMCIA I/O read /

/O port K

92 AA29 WE3/DQMUU/ICIOWR/ O/ 1/0 D31-D24 select signal / DQM

PTK[7] (SDRAM) / PCMCIA I/O read /

/O port K

93 AB28 RDWR 0 Read/write

94 AB29 AUDSYNC/PTE[7] O/1/0 AUD synchronous / /0O port E

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

96 AC29 CSO0/MCSI0] ®) Chip select 0/mask ROM chip
select 0

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

98 AD29 CS2/PTK[O0] O/1/0 Chip select 2/ /0 port K

99 AE28 CS3/PTK[1] O/1/0 Chip select 3/ 1/0 port K

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

101 AF28 S5/CE1A/PTK[3] O/1/0 Chip select 5/CE1 (area 5
PCMCIA) / /O port K

102 AF29 CS6/CE1B ®) Chip select 6/CE1 (area 6
PCMCIA) / /O port K

103 AG28 CE2A/PTE[4] O/1/0 Area 5 PCMCIA card enable / /0O
port E

104 AG29 CE2B/PTE[5] O/1/0 Area 6 PCMCIA card enable / /O
port E

105 AH28 CKE/PTK[5] O/1/0 CK enable (SDRAM) / /O port K

106 AJ28 RAS3L/PTJ[0] O/1/0 Lower 32 MB address (area 3
DRAM, SDRAM) RAS / I/O port J

12
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Table 1.3 SH7729 Pin Function (cont)

Number of Pins

QFP-208C CSP-216 Pin Name 1/0 Description

107 AH27 RAS2L/ PTJ[1] Oo/1/0 Lower 32 MB address (area 2
DRAM, SDRAM) RAS / /O port J

108 AJ27 CASLL/CASL/PTJ[2] O /1O D7-D0 (DRAM) CAS / Lower 32 MB
address (SDRAM) CAS / I/O port J

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

110 AJ26 CASLH/CASU/PTJ[3] ©O/1/O D15-D8 (DRAM) CAS / Lower 32
MB address (SDRAM) CAS / 1/0
port J

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

112 AJ25 CASHL/PTJ[4] O/1/0 D23-D16 (DRAM) CAS / I/O port J

113 AH24 CASHH/PTJ[5] o/1/o D31-D24 (DRAM) CAS / I/O port J

114 AJ24 DACKO/PTD[5] O/1/0 DMA acknowledge 0/ I/O port D

115 AH23 DACK1/PTD[7] O/1/0 DMA acknowledge 1/ 1/O port D

116 AJ23 CAS2L/PTE[6] o/1/0 D7-DO0 (area 2 DRAM) CAS / 11O
port E

117 AH22 CAS2H/PTE[3] o/1/0 D15-D8 (area 2 DRAM) CAS/ /O
port E

118 AJ22 RAS3U/PTE[2] O/1/0 Upper 32 MB address (area 3
DRAM, SDRAM) RAS / I/O port E

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

120 AJ21 TDO/PTE[0] 110 Test data output / /O port E

121 AH20 BACK o Bus acknowledge

122 AJ20 BREQ | Bus request

123 AH19 WAIT | Hardware wait request

124 AJ19 RESETM | Manual reset request

125 AH18 ADTRG/PTHI[5] | Analog trigger / input port H

126 AJ18 IOIS16/PTG[7] | Write protect / area 6 16-bit
input/output / input port G

127 AH17 ASEMDO/PTG[6] | ASE mode / input port G

128 AJ17 ASEBRKAK/PTGI5] O/l ASE break acknowledge / input

port G

HITACHI
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Table 1.3 SH7729 Pin Function (cont)

Number of Pins

QFP-208C CSP-216 Pin Name 1/0 Description

129 AH16 PTG[04] I Input port G

130 AJ16 AUDATA[3)/PTG[3] o/l AUD data / input port G

131 AH15 AUDATA[2)/PTG[2] o/l AUD data / input port G

132 AJ15 Vss — Power supply (0 V)

133 AH14 AUDATA[1)/PTG[1] o/l AUD data / input port G

134 AJ14 Vce — Power supply (1.8 V)

135 AH13 AUDATA[0)/PTGI[O] o/l AUD data / input port G

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

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

138 AJ12 TDIVPTF[5])/PINT[13] I Test data input / input port F / port
interrupt

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

140 AJ11 IRLS[3)/PTF[3)/ | External interrupt request / input

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

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

143 AHO09 IRLS[0)/PTF[O/PINT[8] | External interrupt request / input
port F / port interrupt

144 AJO9 MDO | Clock mode setting

145 AHO8 Vce-PLL1™ — PLL1 power supply (1.8 V)

146 AJO8 CAP1 — PLL1 external capacitance pin

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

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

149 AHO6 CAP2 — PLLZ2 external capacitance pin

150 AJO6 Vce-PLL2™ — PLL2 power supply (1.8 V)

151 AHO5 AUDCK/PTHI[6] | AUD clock / input port H

152 AJO5 Vss — Power supply (0 V)

14
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Table 1.3 SH7729 Pin Function (cont)

Number of Pins

QFP-208C CSP-216 Pin Name 1/0 Description

153 AHO4 Vss — Power supply (0 V)

154 AJo4 Vece — Power supply (1.8 V)

155 AHO3 XTAL 0] Clock oscillator pin

156 AJO3 EXTAL | External clock / crystal oscillator
pin

157 AHO2 STATUSO/PTJ[6] O/10 Processor status / 1/0 port J

158 AHO1 STATUS1/PTJ[7] O/1o Processor status / 1/0 port J

159 AGO02 TCLK/PTHI[7] 110 TMU or RTC clock input/output /
/O port H

160 AGO1 IRQOUT o] Interrupt request notification

161 AF02 VssQ — Power supply (0 V)

162 AFO01 CKIO /0 System clock input/output

163 AE02 VeeQ — Power supply (3.3 V)

164 AEO1 TxDO/SCPT[0] o Transmit data 0 / SCI output port

165 ADO2 SOKO/SCPT[1] l{e] Serial clock 0/ SCI I/O port

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

167 ACO02 SCK1/SCPT[3] 10 Serial clock 1/ SCI /O port

168 ACO1 TxD2/SCPT[4] o Transmit data 2 / SCI output port

169 ABO2 SCK2/SCPTI[5] /0 Serial clock 2 / SCI /O port

170 ABO1 RTS2/SCPT[6] Oo/10 Transmit request 2 / SCI /O port

171 AA02 RxD0/SCPTI[O0] | Transmit data 0 / SCI output port

172 AAO01 RxD1/SCPT[2] | Transmit data 1 / SCI output port

173 Y02 Vss — Power supply (0 V)

174 YO1 RxD2/SCPT[4] | Transmit data 2 / SCI output port

175 wo2 Vece — Power supply (1.8 V)

176 wo1 CTS2/IRQ5/SCP[7] | Transmit clear 2 / external interrupt
request / SCI input port

177 V02 MCS[7I/PTC[7/PINT[7] O/I/O/1 Mask ROM chip select/ /O port G

178

Vo1

MCS[6/PTC[6)/PINT[6] O/ 1O /1

/ port interrupt

Mask ROM chip select / I/O port G
/ port interrupt

HITACHI
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Table 1.3 SH7729 Pin Function (cont)

Number of Pins

QFP-208C CSP-216

Pin Name 1/0

Description

179 uo2 MCS[5]/PTC[S)/PINT[5] O/1/O/1 Mask ROM chip select / I/0 port C
/ port interrupt

180 uo1 MCS[4]/PTC[4)/PINT[4] O/1/O/1 Mask ROM chip select / 1/0 port G
/ pott interrupt

181 To2 VssQ — Input/output power supply (0 V)

182 To1 WAKEUP/PTD[3] O/10 Standby mode interrupt request
notification / I/O port D

183 R02 VeeQ — Input/output power supply (3.3 V)

184 RoO1 RESETOUT/PTD[2] O/10 Reset output / I/O port D

185 Po2 MCS[3/PTC[3)/PINT[3] O/1/O/1 Mask ROM chip select/ /O port C
/ port interrupt

186 PoO1 MCS[2)/PTC[2)/PINT[2] O/1/O/1 Mask ROM chip select/ I/O port C
/ port interrupt

187 No2 MCS[1}/PTC[1)/PINT[1] O/1/O/1 Mask ROM chip select/ /O port G
/ port interrupt

188 NO1 MCS[O0/PTC[0)/PINT[0] O/1/O/1 Mask ROM chip select/ I/O port C
/ port interrupt

189 Mo2 DRAKO/PTD[1] O /10 DMA request acknowledge / I/O
port D

190 Mo1 DRAK1/PTD[0] O /10 DMA request acknowledge / I/O
port D

191 LO2 DREQOG/PTD[4] | DMA request / input port D

192 LO1 DREQ1/PTD[6] | DMA request / input port D

193 K02 RESETP | Power-on reset request

194 KO1 CA | Chip activate / hardware standby
request

195 Jo2 MD3 | Area 0 bus width setting

196 JO1 MD4 | Area 0 bus width setting

197 HO2 MD5 | Endian setting

198 HOA1 AVss — Analog power supply (0 V)

199 G02 AN[O]/PTL[O] | A/D converter input / input port L

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

201 FO2 AN[2)/PTL[2] | A/D converter input / input port L

16
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Table 1.3 SH7729 Pin Function (cont)

Number of Pins

QFP-208C CSP-216 Pin Name 1/0 Description

202 FO1 AN[3]/PTL[3] | A/D convetter input / input port L
203 EO02 AN[4]/PTL[4] | A/D convetter input / input port L
204 EO1 AN[B]/PTL[5] | A/D convetter input / input port L
205 D02 AVcc (3.3V) — Analog power supply (3.3 V)
206 Dof AN[6]/DA[1)/PTL[6] | A/D convetter input / input port L
207 co2 AN[7]/DA[O)/PTL[7] | A/D convetter input / input port L
208 Cof AVss — Analog power supply (0 V)
Notes: 1. Must be connected to the power supply even when the RTC is not used.

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

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

4. A01, A28, A29, AH29, AJ29, AJ02, AJO1, and BO1 are NC pins. Do not make any

connection to these pins.
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Section 2 Programming Model

2.1 Programming Model

2.1.1 Overview

The SH7729 operates in user mode under normal conditions and enters privileged mode in response
to an exception or interrupt. The DSP mode is enabled in privileged mode or in user mode under
monitoring of the operating system. The processor mode is specified by the mode bit (MD) and
DSP bil (DSP) in the status register (SR). SR.DSP can be changed only when MD = 1 (privileged
mode).

1. User mode (without DSP extension): MD = 0, DSP = 0;

2. User-DSP mode (with DSP extension enabled): MD =0, DSP =1,

3. Privileged mode (without DSP extension): MD = 1, DSP = 0,

4. Privileged-DSP mode (with DSP extension enabled): MD =1, DSP = 1;

The registers accessible to the programmer differ, depending on the processor mode. General-
purpose registers RO to R7 are banked registers which are switched by a processor mode change.
Figure 2.1 shows the hardware resources for the user mode and privileged mode without DSP
Extension. Figure 2.2 shows all resources available to software in the user-DSP mode. Figure 2.3
shows all resources available to software in the privileged-DSP mode. In the privileged mode (with
or without DSP cxtension), the register bank (RB) bit in the SR defines which banked register sct
is accessed as general-purpose registers, and which set is accessed only through the load control
register (LDC) and store control register (STC) instructions.

When the RB bit is 1, general-purpose registers RO_BANK1-R7_BANKI in bank 1 and non-
banked gencral-purpose registers R8—R 15 function as the gencral-purposce register sct, and gencral-
purpose registers RO_BANK(O-R7_BANKQO in bank 0 can be accessed only by the LDC/STC
instructions.

When the RB bit is 0, general-purpose registers RO_BANKO-R7_BANKO in bank 0 and non-
banked general-purpose registers R8—R 15 function as the general-purpose register set, and general-
purpose registers RO_BANKI1-R7_BANKI1 in bank 1 can be accessed only by the LDC/STC
instructions. In the user mode (MD = 0), general-purpose registers RO_BANK0O-R7_BANKO in
bank 0 and non-banked general-purpose registers R8-R15 function as the general-purpose register
set regardless of RB setting.
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User Mode Privileged Mode, DSP Disabled

31 0 31 0
RO_BANKO0'!2 RO _BANK''*2
R1_BANK0™ R1_BANK™
R2 BANKO™ R2 BANK™
R3 _BANK0™ R3 BANK™
R4_BANKO™ R4_BANK?
R5 BANK0™ R5 BANK?
R6_BANKO0™ R6_BANK™
R7_BANKO0™ R7_BANK™

RS RS
R9 R9
R10 R10
R11 Ri1
R12 Ri2
R13 R13
R14 R14
R15 R15
SR SR
SSR
GBR GBR
MACH MACH
MACL MACL
VBR
| PR | PR
| PC | PC
SPC
RO_BANK™*®
R1_BANK?
R2 BANK®
R3_BANK®
R4_BANK®
R5 BANK®
R6_BANK™
R7 BANK®

Note: 1. RO functions as an index register in the indexed register-indirect addressing mode and indexed GBR-
indirect addressing mode. In some instructions, only RO can be used as the source register or destination
register.

2. RO-R?7 are banked registers. In user mode, BANKO is used. In privileged mode, SR.RB specifies BANK.
SR.RB = 0; BANKO is used
SR.RB = 1; BANK1 is used.
3. These registers are only accessed by LDC/STGC instructions. SR.RB specifies BANK.
SR.RB = 0; BANK1 is used
SR.RB = 1; BANKO is used

Figure 2.1 Programming Model (DSP Extension is Disabled)

20
HITACHI




User Mode, with DSP Mode Enabled

39 32 31 0 31
AOG A0 R0_BANKO
A1G Al R1_BANKO
MO R2_BANKO
M1 R3_BANKO
X0 R4_BANKO
X1 R5_BANKO
YO R6_BANKO
Y1 R7_BANKO
R8
DSR R9
These registers reside in DSP unit R10
R11
R12
R13
R14
RS R15
RE
MGD SR
These registers reside in CPU integer unit
GBR
MACH
MACL
| PR
| PC

Note: RS:  Repeat start address register
RE: Repeat end address register
MOD: Modulo address register
DSP: DSP status register
AOG: DSP AO register’s guard bits
A1G: DSP A1 register’s guard bits

Figure 2.2  Programming Model (User-DSP Mode)
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Privileged Mode, with DSP Mode Enabled

39 32 31 0 31
A0G A0 RO_BANK""."2
A1G Al R1_BANK™
Mo R2_BANK'2
M1 R3_BANK"™
Xo R4_BANK™
X1 R5_BANK"2
YO R6_BANK™
Y1 R7_BANK™
R8
DSR R9
These registers reside in DSP unit R10
R11
R12
R13
R14
RS R15
RE
MOD SR
These registers reside in CPU integer unit SSR
GBR
MACH
MACL
VBR
PR
PC
SPC
RO_BANK""."3
R1_BANK™
R2_BANK"
Note: RS:  Repeat start address register R3_BANK"3
RE:  Repeat end address register R4_BANK™
MOD: Modulo address register R5 BANK™
Rig Bglz ,S’:\tg t#;g?:tgelf‘t: tquard bits R6_BANK™
A1G: DSP A1 register’s guard bits R7_BANK"™S
Figure 2.3 Programming Model (Privileged-DSP Mode)
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2.1.2 Exccution Environment when DSP Extension is Disabled

When DSP extension is disabled, the SH7729 is identical to SH3. In this mode (DSP extension is
disabled), the instruction set is implemented in fixed-length 16-bit wide instructions executed in a
pipeline sequence with single-cycle execution for most instructions. All operations are executed in
32-bit longword units.

Mecmory can be accessed in 8-bit byte, 16-bit word, or 32-bit longword units, with bytc or word
data 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).

The SH7729 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 as logical AND instructions, which are executed directly in
memory.

Unconditional branching is implemented as dclayed branch opcerations. Pipcline disruptions due to
branching are minimized by the execution of the instruction following the delayed branch
instruction prior to branching, for example:

BRA TRGET
ADD R1l, RO ; ADD is executed prior to branching to TRGET

The T bit in the status register (SR) is used to indicate the result of comparison operations, and is
read as a TRUE/FALSE condition determining if a conditional branch is taken or not. To improve
processing speed, the T bit logic state is modified only by specific operations. An example of how
to use the T bit in a sequence of operations:

ADD #1, RO ; T bit not modified by ADD operation
CMP/EQ RI1, RO ; Thitsetto 1 when RO=R1
BT TRGET ; Branch taken to TRGET when T bit=1 (RO =0)

Byte-width literals are inserted directly into the instruction code as immediate data. To maintain the
16-bit fixed-length instruction code, word or longword literals are stored in a table in 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:

MOV. W @ (disp, PC), RO

As with word and longword literals, absolute addresses must also be stored in a table in main
memory. The value of the absolute address is transferred to a register and the operand access is
specificd by indexed register-indirect addressing, with the absolute address loaded (as with word and
longword immediate data) during instruction execution.
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In the same way, 16-bit and 32-bit displacements also must be stored in a table in main memory.
Exactly like absolute addresses, the displacement value is transferred to a register and the operand
access is specified by indexed register-indirect addressing, loading the displacement (as with word
and longword immediate data) during instruction execution.

2.1.3 Execution Environment when DSP Extension is Enabled

When DSP = 1, the SH7729 operates in the DSP mode with DSP extension enabled. Additional
DSP instructions and hardware resources are available for digital signal processing program. DSP
instructions are divided into two groups: 16-bit and 32-bit lengths.

2.2 Registers

The SH7729 has the same registers as in SH3. In addition, the SH7729 also support the same
DSP-related registers seen in SH-DSP. The basic software-accessible registers are divided into four
distinct groups:

¢ General-purpose registers
e Control registers

¢ System registers

¢ DSP registers

All of these regislers are 32-bil width, with the exception of two DSP registers which are 32-bit
width with 8-bit guard bits. The general-purpose registers are accessible from the user mode, with
RO-R7 banked to provide each processor mode access to a separate set of the RO-R7 registers (i.e.
RO-R7_BANKQO, and RO-R7_BANK1). In the privileged mode, the register bank (RB) bit in the
status register (SR) defines which set of banked registers (RO-R7_BANKO or RO-R7_BANK1) are
accessed as general-purpose registers, and which are accessed only by the LDC/STC instructions.

The control registers (except for GBR) can only be accessed by the LDC/STC instructions in the
privileged mode. Control registers are:

¢ SR: Status register

¢ SSR: Saved status register

¢ SPC: Saved program counter

¢ GBR: Global base register

¢ VBR: Vector base register

e RS: Repeat start register (DSP mode only)
¢ RE: Repeat end register (DSP mode only)
¢ MOD: Mode register (DSP mode only)
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The system registers are accessed by the LDS/STS instructions (the PC is software-accessible, but
is included here because its contents are saved in, and restored from, SPC in exception processing).
The system registers are:

¢ MACH: Multiply and accumulate high register
¢ MACL: Multiply and accumulate low register
¢ PR: Proccdurc register

e PC: Program counter

This section explains the usage of these registers in different modes.

2.2.1 General Purpose Registers

Figure 2.4 shows the general purpose registers, which are identical to SH3’s, when DSP extension
is disabled.

31 0

Ro""2 General-Purpose Registers (when not in DSP mode)
R1*2
R2* Note: 1. RO functions as an index register in the
R3'2 indexed register-indirect addressing mode and
e indexed GBR-indirect addressing mode. In

— some instructions, only RO can be used as the
R5" source register or destination register.
Re"2 2. R0-R7 are banked registers. In user mode,
R72 BANKO is used. In privileged mode, SR.RB
R8 specifies BANK.

SR.RB =0; BANKO is used

R9 SR.RB = 1: BANK1 is used
R10
R11
R12
R13
R14
R15

Figure 2.4 General Purpose Register (Not in DSP Mode)

On the other hand, R2-R9 registers are also used for the DSP data address calculations, see figure
2.5, when DSP extension is enabled. Another symbol that represents the purpose of the registers
in DSP type instruction is [ ].
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31

General-Purpose Registers (when DSP mode is activated)

X and Y (dual) data transfer operation

R4, 5 [Ax]: Address reg set for X data memory.

R8 [x]: Index register for addr reg set Ax.

R6, 7 [Ay]: Address reg set for Y data memory.

R9 [ly]: Index register for addr reg set Ay.
9 g

Single Data Transfer Operation

R2-5[As]: Address reg set for memory.

R8 [Is]: Index register for addr reg set As.

Figure 2.5 General Purpose Register (DSP Mode)

DSP type instructions can access X and Y data memory simultaneously. To specify addresses for X
and Y data memory, two address pointer sets are prepared. These are:

R8[Ix], R4,5[Ax] for X memory access, and R9[Iy], R6,7[Ay] for Y memory access.

R8[Ix] and RI[1y] are index registers. R4-7[Ax,Ay] are address registers. In single data transfer
operation, R8[Is] and R2-R5[As] can be used. The names (symbol) R2-R9 are used in the
Assembiler, but users can use other register names that represent the purpose of the register in the
DSP instruction explicitly. In the assembly program, user can use an alias for the register. We
recommend the following aliases for the registers.

Ax0:

Ax1:

Ix:

Ay0:

Ayl:

Iy:

AsO:

Asl:

As2:

26

(R4)
(R3)
(R8)
(R6)
(R7)
(R9)
(R4)
(R3)
(R2)

; This is optional. If you need another alias for single data transfer.
; This is optional. If you need another alias for single data transfer.
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As3: .REG (R3)
Is: .REG  (rR8) ; Thisis optional. If you need another alias for single data transfer.

2.2.2 Control Registers

SH3-DSP has 8 control registers: SR, SSR, SPC, GBR, VBR, RS, RE, and MOD (figure 2.6).
SSR, SPC, GBR and VBR are the same as the SH3 registers. The DSP mode is activated only
when SR.DSP = 1. Repeat start register RS, repeat end register RE, and repeat counter RC (12-bit
part of the SR) and repeat control bits RF0 and RF1 are new registers and control bits which are
used for repeat control. Modulo register MOD and modulo control bits DMX and DMY in the SR
are also new register and control bits.

In the SR, there are five additional control bits: RF0, RF1, DMX, DMY and DSP. The DMX and
DMY are used for modulo addressing control. If the DMX is 1 then the modulo addressing mode is
effective for the X memory address pointer, Ax (R4 or R5). If the DMY is 1 then it is effective for
the Y memory address pointer, Ay (R6 or R7). However, both X and Y address pointer cannot be
operated under the modulo addressing mode even though both DMX and DMY bits are set. The
case of DMX = DMY = 1 is reserved [or [uture expansion. When both DMX and DMY are set
simultaneously, the hardware will preliminary treat only address pointer as the modulo addressing
mode. Modulo addressing is available for X and Y data transfer operation (MOVX and MOVY), but
nol [or single dala ransfer operation (MOVS).

The RF1 and RF0 hold information of the number of repeat steps and they are set when a SETRC
ingtruction is executed. When RF[1:0] shows 00, the current repeat module consists of one-step
instruction. When RF[1:0] = 01, it means two-step instructions. When RF[1:0] = 11, it means
three-step instruction. When RF[1:0] = 10, it means the current repeal module consists of (our or
more instructions.

The SR also has 12-bit repeat counter RC which is used for efficient loop control. Repeat start
register (RS) and repeat end register (RE) are also introduced for the loop control. They keep the
start and end addresses of a loop (the contents of the registers, RS and RE are slightly different
from the actual loop start and end address). Modulo register, MOD is introduced to realize modulo
addressing for circular data buffering. MOD keeps the modulo start address (MS) and the modulo
end address (ME).

In order 10 access RS, RE and MOD, load/store (control register) instructions for them are
introduced. An example for RS is as follows:

IDC Rm,RS; Rm —> RS
LDC.L @Rm+,RS; (Rm) —> RS, Rmt+4 -> Rm
STC RS,Rn; RS —> Rn
STC.L RS, @-Rn; Rn-4 —> Rn, RS —> (Rn)
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Address set instructions for the RS and RE are also prepared.

IDRS @ (disp,PC); disp X 2 + PC —> RS

LDRE @ (disp,PC); disp X 2 + PC —> RE

31

2827 1615 1312 11 10 9 8 7 6 5 4 3 2 1 0

i
oOMD RB BL: RC
1

i DM DM M Q 13 12 11 10 RFRF S T )
0-0 ,DSP v X 1o SR (Status register)
1

MD bit:

RB bit:

BL bit:

RC [11:0]:
DSP bit

DMY bit:
DMX bit:
Q. M bit:
1[3:0]:
RF [1:0]:
S bit:

T bit:

0 bits:

Processor operation mode
MD = 1: privileged mode
MD = 0: user mode

Register bank bit; used to define the general purpose registers in privileged mode.

RB=1: RO_BANK1 to R7_BANK1 are used as general purpose reg.
RO_BANKO to R7_BANKO accessed by LDC/STC instructions.

RB=0: RO_BANKO to R7_BANKO are used as general purpose reg.
RO_BANK1 to R7_BANKT1 accessed by LDC/STC instructions.

Block bit; used to mask exception in privileged mode.
BL = 1: interrupts are masked (not accepted)
BL = 0: interrupts are accepted

12-bit repeat counter

DSP operation mode

DSP =1: DSP instructions (LDS Rm, DSR/A0/X0/X1/Y0/Y1,
LDS.L @Rm+, DSR/A0/X0/X1/Y0/Y1, STS DSR/A0/X0/X1/YO/Y1, Rn,
STS.L DSR/A0/X0/X1/Y0/Y1, @—-Rn, LDC Rm, RS/RE/MOD,
LDC.L @Rm+, RS/RE/MOD, STC RS/RE/MOD,Rn, STC.L RS/RE/MOD, @-Rn,
LDRS, LDRE, SETRC, MOVS, MOVX, MOVY, Pxxx) are enabled.

DSP =0: All DSP instructions are treated as illegal instructions, only SH3 instructions are
supported.

Modulo addressing enable for Y side

Modulo addressing enable for X side

Used by DIVOU/S and DIV1 instructions.

4-bit field indicating the interrupt request mask level.
Used for repeat control

Used by the MAC Instructions and DSP data.

The MOVT, CMP/cond, TAS.TST, BT, BF, SETT, CLRT and DT instructions use the T bit to
indicate true (logic one) or false (logic zero). The ADDV/C, SUBV/C, DIVOU/S, DIV1,
NEGC, SHAR/L, SHLR/L, ROTR/L and RO(TCRI/L) instructions also use the T bit to
indicate a carry, borrow, overflow or underflow.

Always read as 0, and should always be written as 0.
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Figure 2.6 Control Registers
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MOD

31 0

| SSR | Saved status register (SSR)
31 0

| SPC | Saved program counter (SPC)
31 0

| GBR | Global base register

31 0

| VBR | Vector base register

31 0

| RS | Repeat start register

31 0

| RE | Repeat end register

31 16 15 0

| ME i MS | Modulo register

ME: Modulo end address, MS: Modulo start address

Saved status register (SSR)
Stores current SR value at time of exception to indicate processor status in the return fo instruction
stream from exception handler.

Saved program counter (SPC)
Stores current PC value at time of exception to indicate the return address at the compeltion of
exception processing.

Global base register (GBR)
Stores the base address of GBR-indirect addressing mode. The GBR-indirect addressing mode is
used to transfer data to the register areas of the resident peripheral modules, and for logic operations.

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

Repeat start register (RS)
Used in DSP mode only. Indicates the starting address of repeat loop. The contents of RE register is
loaded into PC when Repeat Loop proceed to the next iteration(when Repaeat Counter !=0).

Repeat end register (RE)
Used in DSP mode only. Indicates the address of the repeat loop end.

Modulo register

Used in DSP mode only.

MD[31:16]: ME: Modulo end address, MD[15:0]: Modulo start address.

When doing X/Y operand's address generation, CPU compares the address to ME, if it is equal, CPU
loads MS to either X or Y operand address register (depending on DMX and DMY bits in SR register).

Figure 2.7 Control Registers (continued)
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2.2.3 System Registers

Like SH3 and SH-DSP, SH3-DSP has four system registers, MACL, MACH, PR and PC (figure
2.8).

31 0
Multiply and accumulate high and low registers
MACH (MACHIL)
MAGL Store the results of multiplicationand accumulation
operations.
31 0
Procedure register (PR)
| PR | Stores the sbroutine procedure return address.
31 0
Program counter (PC)
| Po |

Indicates the starting address of the current instruction.

Figure 2.8 System Registers

DSR, A0, X0, X1, YO and Y1 registers described in the following section are also treated as
system registers from the CPU module in order to improve the performance. So, data move
instructions between general registers and system registers are supported for them.

2.2.4 DSP Registers

The SH7729 has eight data registers and one control register (figure 2.9). The data registers are 32-
bit width with the exception of registers AO and A1l. Registers AO and A1 have guard bits.

Three types of operations access the DSP data registers. First one is the DSP data. When a DSP
fixed-point data operation uses A0 or A1 for source register, it uses the guard bits (bits 39-32).
When it uses AO or Al for destination register, bits 39-32 in the guard bit is valid. When a DSP
fixed-point data operation uses the DSP registers other than AOQ and A1 for source register, it sign-
cxtends the source value to bits 39-32. When it uscs them for destination register, the bits 39-32
of the result is discard.

Second one is X and Y data transfer operation, “MOVX.W MOVY.W”. This operation accesses the
X and Y memories through 16-bit X and Y data buses (figure 2.10). Registers to be loaded or
stored by this operation are always upper 16 bits (bits 31-16). X0 and X1 can be destination of the
X memory load and YO and Y1 can be destination of Y memory load, but other register cannot be
destination register of this operation. When data is loaded into upper 16 bits of a register (bits 31—
16), the lower half of the register (bits 15-0) is automatically clcarcd. A0 and A1 can be stored to
the X or Y memory by this operation, but other registers cannot be stored.
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Third one is single-data transfer instruction, “MOVS. W and “MOVS.L”, This instruction accesses
any memory location through LDB (figure 2.11). All DSP registers connect to the LDB and be
able to be source and destination register of the data transfer. It has word and longword access
modes. In the word mode, registers to be loaded or stored by this instruction are upper 16 bits (bits
31-16) for the DSP registers except AOG and A1G. When data is loaded into a register other than
AO0G and A1G in the word mode, lower half of the register is cleared. When it is AO or Al, the
data is sign-extended to bits 39-32 and lower half of it is cleared. When AOG or A1G is a
destination register in the word mode, data is loaded into 8-bit register, but AO or A1 is not cleared.
In the longword mode, when a destination register is AQ or Al, it is sign-extended to bits 39-32.

Tables 2.1 and 2.2 show the data type of registers used in the DSP instructions. Some instructions
cannot use some registers shown in the tables because of instruction code limitation. For example,
PMULS can use Al for source registers, but cannot use AQ. These tables ignore details of the
register selectability.

Table 2.1 Destination Register of DSP Instructions

Guard Bits Register Bits
Registers Instructions 39 3231 1615 0
A0/1 DSP Fixed-point, PSHA, Sign-extended 40-bit result
PMULS
Data Integer, PDMSB Sign-extended 24-bit result  Cleared
operation | ,gical, PSHL Cleared 16-bit result  Cleared
Data MOVS.W Sign-extended 16-bit data Cleared
transfer
MOVS.L Sign-extended 32-bit data
AOG, A1G Data MOVS.W Data No update
transfer MOVS.L Data No update
X0/1 DSP Fixed-point, PSHA, 32-bit result
YO0/1 PMULS
Mor1 Data Integer, logical, 16-bit result  Cleared
operation PDMSB, PSHL
Data MOVX/Y.W, MOVS.W 16-bit result  Cleared
transfer  yiovs.L 32-bit data
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Table 2.2 Source Register of DSP Operations

Guard Bits Register Bits
Registers Instructions 39 3231 16 15
A0/ DSP Fixed-point, PDMSB, 40-bit data
PSHA
Data Integer 24-bit data
operation ) qical, PSHL, PMULS 16-bit data
Data MOVX/Y.W, MOVS.W 16-bit data
transfer  \ovs L 32-bit data
AOG, A1G Data MOVS.W Data
transfer  yoysL Data
X0/1 DSP Fixed-point, PDMSB, Sign* 32-bit data
YO/1 PSHA
Mo/1 Data Integer Sign* 16-bit data
operation | yical, PSHL, PMULS 16-bit data
Data MOVS.W 16-bit data
transfer  \oysL 32-bit data

Note: * Sign-extend the data and feed to the ALU
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39 3231 0
AOG A0
A1G Al
MO
M1
X0
X1
YO
Y1

(a) DSP Data Registers

31 8,7,6,5,4,3 2 1,0

---------------------------- iGT{ Z{N| V| CS[2:0] {DC|

(b) DSP Status Register (DSR)

Reset status
DSR: All zeros
Others: Undefined

Figure 2.9 DSP Registers
16 bit LDB
- XDB
16 bit
YDB
8 bit A 32 bit
MOVS.W. MOVX.W MOVX.W MOVS.W.
MOVS.L 31 16 MOVS.L
39 32 0
AOG A0
A1G Al
DSR Mo
M1
70 - X0
—-— X1
Lt YO
- Y1

Figure 2.10 Connections of DSP Registers and Buses

The DSP engine has one control register DSP Status Register (DSR). The DSR has conditions of
the DSP data operation result (zero, negative, and so on) and a DC bit which is similar to the T bit
in the CPU. The DC bit indicates the one of the conditional flags. A DSP data processing
instruction controls its execution based on the DC bit. This control affects only the operations in
the DSP unit; it controls the update of DSP registers only. It cannot control operations in CPU,
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such as address register updating and load/store operations. The control bit CS[2:0] specifies the
condition to be reflect to the DC bit (table 2.3).

The unconditional DSP type data operations, except PMULS, PWAD, PWSB, MOVX, MOVY
and MOVS, update the conditional flags and DC bit, but no CPU instructions, including MAC
instructions, update the DC bit. The conditional DSP type instructions do NOT update the DSR
either.

Table 2.3 Mode of the DC Bit

CS [2:0] Mode

000 Carry or borrow

001 Negative

010 Zero

011 Overflow

100 Signed greater than

101 Signed greater than or equal

DSR is assigned as a system register and load/store instructions are prepared as follows:

STS DSR,Rn;
STS.L DSR, @-Rn;
1DS Rn,DSR;
LDS.L @Rn+,DSR;

When DSR is read by the STS instructions, the upper bits (bit3 1~bit8) are all 0.
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2.3 Data Format

2,3.1 Data Format in Registers (Non-DSP Type)

Register operands arc always longwords (32 bits) (figure 2.11). When the memory operand is only
abyte (8 bits) or a word (16 bits), it is sign-extended into a longword when loaded into a register.

31 0
Longword

Figure 2.11 Longword Operand

2.3.2 DSP-Type Data Format

The SH7729 has several different data formats that depend on operations. This section explains the
data formats for DSP type instructions.

Figure 2.12 shows three DSP type data formats according to the binary point position. The DSP-
type fixed point data format has the binary point between bit 31 and bit 30. The DSP-type integer
format has the binary point between bit 16 and bit 15. The DSP-type logical format does not have
a binary point. The valid data lengths of the data formats depend on the operations and the DSP
registers,

Figure 2.12 also shows one of the CPU-type data formats that has the binary point between bit 0
and bit 1 as a reference.
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DSP type fixed point

3 3130 0
With guardbits S| [ | | 2810 428 - 2"
A
31 30 0
Without guard bits ls] | 11041 -2
A

16 15 0

Multiplier input —“1to+1 -2

DSP type integer

39
With guard bits |5 22840 1228 1
Without guard bits -2'510 4215 -1
Shift amount for
arithmetic shift (PSHA) -3210 +32
Shift amount for
logical shift (PSHL) -16to +16
16 15 0
DSP type logical
SH instr integer
31 0
Word |S| 281 t0 4281 — 1
A

S: Sign bit A : Binary point Does not affect the operations

Figure 2,12 Data Format

Shift amount for arithmetic shift (PSHA) instruction has 7 bits filed that could represent —64 to
+63, however —32 to +32 is the valid number for the operation. Also the shift amount for logical
shift operation has 6-bits field, however —16 10 +16 is the valid number for the instruction.
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2.3.3 Data Format in Memory

Memory data formats are classified into bytes, words, and longwords. Byte data can be accessed
from any address, but an address error will occur if the word data starting from an address other than
2n or longword data starting from an address other than 4n is accessed. In such cases, the data
accessed cannot be guaranteed (figure 2.13).

Address A + 1 Address A+3 Address A+ 11 Address A +9

Address A Address A + 2 Address A + 10 Address A +8
31 23 15l 7 0 31 23l 15 7 l 0
Address A—s] Byteo | Bytle1 | Byte2 | Bytes Byte3 | Byte2 | Byte! | Byleo |«—AddressA+8
Address A + 4 —» Word 0 Word 1 Word 1 Word 0 l«— Address A + 4
Address A + 8 —p| Longword Longword l.«— Address A
Big-endian mode Little-endian mode

Figure 2.13  Byte, Word, and Longword Alignment

As the data format, either big endian or little endian byte order can be selected, according to the
MDS5 pin at reset. When MDS is low at reset, the processor operates in big endian. When MDS is
high at resct, the processor operates in little endian.
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Section 3 DSP Operation

3.1 Data Operations of DSP Unit

3.1.1 ALU Fixed-Point Operations

Figure 3.1 shows the ALU arithmelic operation [low. Table 3.1 shows the variation of this type
of operation and table 3.2 shows the flexibility of each operand.

Guard 31 0 Guard 31 0
| | Source 1 | | | Source 2
< |

V

ALU [GT[ Z[ N[V [DC]
DSR

J

‘ | Destination|
Guard 31 0

Figure 3.1 ALU Fixed-Point Arithmetic Operation Flow

Note: The ALU fixed-point arithmetic operations are basically 40-bit operation; 32 bits of the

base precision and 8 bits of the guard-bit parts. So the signed bit is copied to the guard-bit
parts when a register not providing the guard-bit parts are specified as the source operand.

When a register not providing the guard-bit parts as a destination operand, the lower 32
bits of the operation result are input into the destination register.

ALU fixed-point operations are executed between registers. Each source and destination
operand are selected independently from one of the DSP registers. When a register

providing guard bits is specified as an operand, the guard bits are activated for this type of
operation. These operations are executed in the final stage of the pipeline sequence, named

DSP stage, as shown in figure 3.2.
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Table 3.1 Variation of ALU Fixed-Point Operation

Mnemonic  Function Source 1 Source 2 Destination
PADD Addition Sx Sy Dz (Du)
PSUB Subtraction Sx Sy Dz (Du)
PADDC Addition with carry Sx Sy Dz
PSUBC Subtraction with borrow  Sx Sy Dz
PCMP Comparison Sx Sy —
PCOPY Data copy Sx Allo Dz
All0 Sy Dz
PABS Absolute Sx AllO Dz
Al0 Sy Dz
PNEG Negation Sx AllO Dz
Al0 Sy Dz
PCLR Clear AllO AllO Dz

Table 3.2 Operand Flexibility

Register Sx Sy Dz Du
A0 Yes Yes Yes
A1 Yes Yes Yes
MO Yes Yes
M1 Yes Yes
X0 Yes Yes Yes
X1 Yes Yes
Yo Yes Yes Yes
Y1 Yes Yes

As shown in figure 3.2, loaded data from the memory at the MA stage, which is programmed at
the same line as the ALU operation, is not used as a source operand for this operation, even
though the destination operand of memory read operation is identical to the source operand of the
ALU operation. In this case, previous operation results are used as the source operands for the
ALU operation and then, updated as the destination operand of the data load operation.
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Operation Sequence Example

MOVX.W @(Rd, R8), X0
PADD X0, YO,A0” MOVX.W @Rd4+, X0

Slot
Stage 1 2 3 4 5 6
IF MOVX MOVX & ADD
ID MOVX MOVX & ADD . )
Previous cycle result is used.

EX Addressing | Addressing T

MA MOVX MOVX \\*

DSP nop ADD

Figure 3.2  Operation Sequence Example

Every time an ALU arithmetic operation is executed, the DC, N, Z, V and GT bits in the DSR
register are basically updated in accordance with the operation result. However, in case of a
conditional operation, they are not updated even though the specified condition is true and the
operation is executed. In case of an unconditional operation, they are always updated in accordance
with the operation result. The definition of a DC bit is selected by CS0-2 (condition selection)
bits in the DSR register. The DC bit result is as follows:

Carry or Borrow Mode: CS [2:0] = 000: The DC bit indicates that carry or borrow is
generated from the most significant bit of the operation result, except the guard-bit parts. Some
examples are shown in figure 3.3. This mode is the default condition.

Negative Value Mode: CS [2:0] = 001: The DC flag indicates the same state as the MSB
of the operation result. When the result is a negative number, the DC bit shows 1. When it is a
positive number, the DC bit shows 0. The ALU always executes 40-bit arithmetic operation, So
the sign bit to detect whether positive or negative is always got from the MSB of the operation
result regardless of the destination operand. Some examples are shown in figure 3.4.

41
HITACHI




Example 1

Guard bits

1
0000 0000 1111 11111111 1111
+) 0000 0000 0000 0000 0000 0001

0000 0001 0000 0000 0000 0000

Carry detecting point

Carry is detected

Example 3

Guard bits

1
0000 0000 0000 0000 0000 0001
—) 0000 0000 0000 0000 0000 0001

1100 0000 0000 0000 0000 0001

Borrow detecting point

Borrow is not detected

Example 2

Guard bits

1
11111111 0111 0000 0000 0OCO
+) 00111111 0001 0000 0000 0000

(1)0011 1110 1000 0000 0000 0000

Carry detecting point

Carry is not detected

Example 4

Guard bits

1
0000 0000 0001 0000 0000 0001
—) 0000 0000 0001 0000 0000 0010

1111111 11111111 1111 1111

Borrow detecting point

Borrow is detected

Figure 3.3 DC Bil Generatlion Examples in Carry or Borrow Mode
Example 1 Example 2
Guard bits Guard bits
1 1

1100 0000 0000 0000 0000 0000
+) 0000 0000 0000 0000 0000 0001

1100 0000 0000 0000 0000 0001

Sign bit

Negative value

0011 0000 0000 0000 0000 0000
+) 0000 0000 1000 0000 0000 0001

0011 0000 1000 0000 0000 0001

Sign bit

Positive value

Figure 3.4 DC Bit Generation Examples in Negative Value Mode

Zero Value Mode: CS [2:0] = 010: The DC flag indicates whether the operation result is 0
or not. When the result is O, the DC bit shows 1. When not 0, the DC bit shows 0.

Overflow Mode: CS [2:0] = 011: The DC bit indicates whether or not overflow occurs in
the result. When an operation yields a result beyond the range of the destination register, except the
guard-bit parts, the DC bit is set. Even though guard bits are provided, the DC bit always indicates
the result of guard bits not provided case. So, the DC bit is always set if the guard-bit parts are
used for large number representation. Some flag detection examples are shown in figure 3.5.
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Example 1 Example 2

Guard bits Guard bits
1 [
1111 1111 1111 1111 1111 1111 1111 11111111 1111 1111 1111
+) 1111 1111 1000 0000 0000 0000 +) 1111 1111 1000 0000 0000 0001
111111110111 11111111 1111 1111 1111 1000 0000 0000 0000
Overflow detecting field Overflow detecting field
Overflow case Non overflow case

Figure 3.5 DC Bit Generation Examples in Overflow Mode

Signed Greater Than Mode: CS [2:0] = 100: The DC bit indicates whether or not the
source 1 data (signed) is greater than the source 2 data (signed) as the result of compare operation
PCMP. So, a ‘PCMP’ operation should be executed in advance when a conditional operation is
executed under this condition mode. This mode is similar to the Negative Value Mode described
before, because the result of a compare operation is usually a positive value if the source 1 data is
greater than the source 2 data. However, the signed bit of the result shows a negative value if the
compare operation yields a result beyond the range of the destination operand, including the guard-
bit parts (called “Over-range”), even though the source 1 data is greater than the source 2 data. The
DC bit is updated concerning this type of special case in this condition mode. The equation below
shows the definition of getting this condition:

DC = ~ {{Negative * Over-range) | Zero}

When the PCMP operation is executed under this condition mode, the result of the DC bit is the
same as the T bit result of the PCMP/GT operation of the SH core instruction.

Signed Greater Than or Equal Mode: CS [2:0] = 101: The DC bit indicates whether
the source 1 data (signed) is greater than or equal to the source 2 data (signed) as the result of a
compare operation. So, a ‘PCMP’ operation should be executed in advance when a conditional
operation is executed under this condition mode. This mode is similar to the Signed Greater Than
Mode described before but the equal case is also included in this mode. The equation below shows
the definition of getting this condition:

DC = ~ (Negative *» Over-range)

When the PCMP operation is executed under this condition mode, the result of the DC bit is the
same as T bit result of a PCMP/GE operation of the SH core instruction.

The N bit always indicates the same state as the DC bit which CS[2:0] bits are set as the negative
value mode. See the negative value mode part above. The Z bit always indicates the same state as
the DC bit which CS[2:0] bits are set as the zero value mode. See the zero value mode part above.
The V bit always indicates the same state as the DC bit which CS[2:0] bits are set as the overflow
mode. See the overflow mode part above. The GT bit always indicates the same state as the DC bit
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which CS[2:0] bits are set as the signed greater than mode. See the signed greater than mode part
above.

Note: The DC bit is always updated as the carry flag for ‘PADDC’ and it’s always updated as the
borrow flag for ‘PSUBC’ regardless of the CS[2:0] state.

Overflow Protection: The S bit in SR register is effective for any ALU fixed-point arithmetic
operations in the DSP unit. See section 3.1.8, Overflow Protection, for details.

3.1.2 ALU Integer Operations

Figure 3.6 shows the ALU integer arithmetic operation flow. Table 3.3 shows the variation of this
type of operation. The flexibility of each operand is the same as ALU fixed-point operations as
shown in table 3.2.

Guard 31 0 Guard 31 0

V

ALU [GT[ Z [N ]V [DC]
DSR

Y

Ignored T —
| Destination
Cleared Guard 31 0

Figure 3.6 ALU Integer Arithmetic Operation Flow
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Table 3.3 Variation of ALU Integer Operation

Mnemonic Function Source 1 Source 2 Destination
PINC Increment by Sx +1 Dz

+1 Sy Dz
PDEC Decrement by Sx -1 Dz

—1 Sy Dz

Note: The ALU integer operations are basically 24-bit operation, the upper 16 bits of the base
precision and 8 bits of the guard-bits parts. So the signed bit is copied to the guard-bit parts
when a register not providing the guard-bit parts is specified as the source operand. When a
register not providing the guard-bit parts as a destination operand, the lower 32 bits of the
operation result are input into the destination register.

In ALU integer arithmetic operations, the lower word of the source operand is ignored and the
lower word of the destination operand is automatically cleared. The guard-bit parts are effective in
integer arithmetic operations if they are supported. Others are basically the same operation as ALU
fixed-point arithmetic operations. As shown in table 3.3, however, this type of operation provides
two kinds of instructions only, so that the second operand is actually either +1 or —1. When a word
data is loaded into one of the DSP unit’s registers, it is input as an upper word data. So it is
reasonable for increment and decrement operations to execute using the upper word in the DSP
unit. When a register providing guard bits is specified as an operand, the guard bits are also
activated. These operations are executed in the final stage of the pipeline sequence, named the DSP
stage, as shown in figure 3.2, as well as fixed-point operations.

Every time an ALU arithmetic operation is executed, the DC, N, Z, V and GT bits in the DSR
register are basically updated in accordance with the operation result. This is the same as fixed-
point operations but lower word of each source and destination operand is not used in order to
generate them. See section 3.1.1, ALU Fixed-Point Operations, for details.

In case of a conditional operation, they are not updated even though the specified condition is true
and the operation is executed. In case of an unconditional operation, they are always updated in
accordance with the operation result. See section 3.1.1, ALU Fixed-Point Operations, for details.

Overflow Protection: The S bit in the SR register is effective for any ALU integer arithmetic
operations in DSP unit. See section 3.1.8, Overflow Protection, for details.
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3.1.3 ALU Logical Opcrations

Figure 3.7 shows the ALU logical operation flow. Table 3.4 shows the variation of this type of
operation. The flexibility of each operand is the same as the ALU fixed-point operations as shown
in table 3.2. See note of section 3.1.1, ALU Fixed-Point Operations.

Logical operations are also executed between registers. Each source and destination operand are
sclected independently from one of the DSP registers. As shown in figure 3.7, this type of
operation uses the upper word of each operand only. Lower word and guard-bit parts are ignored for
the source operand and those of the destination operand are automatically cleared. These operations
are also executed in the final stage of the pipeline sequence, named DSP stage, as shown in figure

3.2.

Guard 31 0 Guard 31

N /N

V

ALU

J

s

[aT] z]N] Vv ]DC]

Ignored —
Destination

Cleared Guard 31

DSR

Figure 3.7 ALU Logical Operation Flow

Table 3.4 Variation of ALU Logical Operation

Mnemonic Function Source 1 Source 2 Destination
PAND Logical AND Sx Sy Dz

POR Logical OR Sx Sy Dz

PXOR Logical exclusive OR Sx Sy Dz
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Every time an ALU logical operation is executed, the DC, N, Z, V and GT bits in the DSR
register are basically updated in accordance with the operation result. In case of a conditional
operation, they are not updated even though the specified condition is true and the operation is
executed. In case of an unconditional operation, they are always updated in accordance with the
operation result. The definition of DC bit is selected by CS0-2 (condition selection) bits in the
DSR register. The DC bit result is:

1. Carry or Borrow Mode: CS [2:0] = 000

The DC bit is always cleared.
2. Negative Value Mode: CS [2:0] = 001

The 31st bit of the operation result is loaded into the DC bit.
3. Zero Value Mode: CS [2:0] = 010

The DC bit is set when the operation result is all zeros, otherwise cleared.
4. Overflow Mode: CS [2:0] =011

The DC bit is always cleared.
5. Signed Greater Than Mode: CS [2:0] = 100

The DC bit is always cleared.
6. Signed Greater Than or Equal Mode: CS [2:0] = 101

The DC bit is always cleared.

The N bit always indicates the same state as DC bit which CS[2:0] bits are set as the negative
value mode. See the negative value mode part above. The Z bit always indicates the same state as
DC bit which CS[2:0] bits are set as the zero value mode. See the zero value mode part above. The
V bit always indicates the same state as DC bit which CS[2:0] bits are set as the overflow mode.
See the overflow mode part above. The GT bit always indicates the same state as DC bit which
CS[2:0] bits are set as the signed greater than mode. See the signed greater than mode part above.

3.1.4 Fixed-Point Multiply Operation

Figure 3.8 shows the multiply operation flow. Table 3.5 shows the variation of this type of
operation and table 3.6 shows the flexibility of each operand. The multiply operation of the DSP
unit is single-word signed single-precision multiplication. If a double-precision multiply operation
is needed, it is possible to make use of the SH-2’s standard double-word multiply instructions.
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Guard 31 0 Guard 31 0

@ _ Ignored
|
V V
MAC

, |
T T T T

|<— |S : Destination :O

Guard 31

Figure 3.8 Fixed-Point Multiply Operation Flow

Table 3.5 Variation of Fixed-Point Multiply Operation

Mnemonic Function Source 1 Source 2 Destination

PMULS Signed multiplication Se Sf Dg

Table 3.6 Operand Flexibility

Register Se St Dg

A0 Yes
A1 Yes Yes Yes
Mo Yes
M1 Yes
X0 Yes Yes

X1 Yes

Yo Yes Yes

Y1 Yes

Note: The multiply operations basically generates 32 bits of the operation result. So when a
register providing the guard-bit parts are specified as a destination operand, the guard-bit
parts will copy the 32nd bit (MSB) of the operation result.
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The multiply operation of the DSP unit side is not integer but fixed-point arithmetic. So, the
upper words of each multiplier and multiplicand are input into a MAC unit as shown in figure 3.8.
In the SH’s standard multiply operations, the lower words of both source operands are input into a
MAC unit. The operation result is also different from the SH’s case. The SH’s multiply operation
result is aligned to the LSB of the destination, but the fixed-point multiply operation result is
aligned Lo the MSB, so that the LSB of the fixed-point multiply operation result is always 0.

This fixed-point multiply operation is executed in one cycle using 32 bits by 8-bit MAC unit. The
other SH’s multiply and MAC operations are executed as the SH2’s are. Multiply operation
doesn’t affect any condition code bits, DC, N, Z, V and GT, in the DSR register.

Overflow Protection: The S bit in the SR register is effective for this multiply operation in
the DSP unit. See section 3.1.8, Overflow Protection, for details.

If the S bitis ‘0’, there is only one case to occur overflow when H'8000*H' 8000, (=1.0) *
(-1.0), operation is executed as signed by signed fixed-point multiply. The resultis H' §000
0000 but it means (+1 .0) not (=1 . 0). If the S bitis ‘1’, it protects the overflow and the result
iSH'00 7FFF FFFF.

3.1.5 Shift Operations

Shift operations can use either register or immediate value as the shift amount operand. Other
source and destination operands are specified by the register. There are two kinds of shift
operations. Table 3.7 shows the variations of this type of operation. The flexibility of each
operand, except for immediate operands, is the same as the ALU fixed-point operations as shown
in table 3.2, See sections 5.1 and 5.4 for more detailed information about each instruction and
operand. See note of section 3.1.1, ALU Fixed-Point Operations.

Table 3.7 Variation of Shift Operations

Mnemonic Function Source 1 Source 2 Destination
PSHA Sx, Sy, Dz  Arithmetic shift Sx Sy Dz
PSHL Sx, Sy, Dz  Logical shift Sx Sy Dz
PSHA #lmm, Dz Arithmetic shift w/imm. Dz Imm1 Dz
PSHL #lmm, Dz Logical shift w/imm. Dz Imm2 Dz

-32 <= Imm1 <= +32, 16 <= ImMm2 <= +16
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Arithmetic Shift: Figure 3.9 shows the arithmetic shift operation flow.

[ Not affected Left Shift

Right Shift
79 0g 31 16 15 0 79 0g 31 16 15 0
[+ 4 <~ =k F )
(MSB copy)
Shift out ‘\ //{ Shift out
>=0_ <0
. P
+32 to —32

S Updated

(Source

Figure 3.9 Shift Operation Flow

Note: The BPU arithmetic shift operations are basically 40-bit operation, the 32 bits of the base
precision and 8 bits of the guard-bit parts. So the signed bit is copied to the guard-bit parts
when a register not providing the guard-bit parts is specified as the source operand. When a
register not providing the guard-bit parts as a destination operand, the lower 32 bits of the
operation result are input into the destination register.

In this arithmetic shift operation, the full size of the source 1 and destination operands are
activated. The shift amount is specified by the source 2 operand as an integer data. The source 2
operand can be specified by either register or immediate operand. Available shift range is from

-32 10 +32. Here, negative value means the right shift, positive value means the left shift. It’s
possible for any source 2 operand to specify from —64 to +63 but the result is unknown if invalid
shift value is specified. In case of the shift with immediate operand instruction, the source 1
operand must be the same register as the destination’s. This operation is executed in the final stage
of the pipeline sequence, named DSP stage, as shown in figure 3.2 as well as in fixed-point
operations.

Every time an arithmetic shift operation is executed, the DC, N, Z, V and GT bits in the DSR
register are basically updated in accordance with the operation result. In case of a conditional
operation, they are not updated even though the specified condition is true and the operation is
executed. In case of an unconditional operation, they are always updated in accordance with the
operation result. The definition of DC bit is selected by CSO-2 (condition selection) bits in the
DSR register. The DC bit result is:

1. Carry or Borrow Mode: CS [2:0] = 000

The DC bit indicates the last shifted out data as the operation result.
2. Negative Value Mode: CS [2:0] =001

Same definition as ALU fixed-point arithmetic operations.
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3. Zero Value Mode: CS [2:0] = 010

Same definition as ALU fixed-point arithmetic operations.
4. Overflow Mode: CS [2:0] =011

Same definition as ALU fixed-point arithmetic operations.
5. Signed Greater Than Mode: CS [2:0] = 100

The DC bit is always cleared.
6. Signed Greater Than or Equal Mode: CS [2:0] = 101

The DC bit is always cleared.

The N bit always indicates the same state as DC bit which CS [2:0] bits are set as the negative
value mode. See the negative value mode part above. The Z bit always indicates the same state as
the DC bit which CS [2:0] bits are set as the zero value mode. See the zero value mode part above.
The V bit always indicates the same state as the DC bit which CS [2:0] bits are set as the
overflow mode. Sce the overflow mode part above. The GT bit always indicates the same statc as
DC bit which CS [2:0] bits are set as the signed greater than mode. See the signed greater than
mode part above.

Overflow Protection: The S bit in the SR register is also effective for arithmetic shift
opcration in the DSP unit. Sce scction 3.1.8, Overflow Protection, for details.

Logical Shift: Figure 3.10 shows the logical shift operation flow.

Not affected Left Shift Right Shift

31 16 1

Shift out Shift out
Cleared +16 to —16
lgn 2221 to13 0 ERFARIRAES
g 9 Updated

st e (ST R | o | W

Figure 3.10 Logical Shift Operation Flow
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As shown in figure 3.10, the logical shift operation uses the upper word of the source 1 and the
destination operands. The lower word and guard-bit parts are ignored for the source operand and
those of the destination operand are automatically cleared as in the ALU logical operations. The
shift amount is specified by the source 2 operand as an integer data. The source 2 operand can be
specified by either register or immediate operand. Available shift range is from —16 to +16. Here,
negative value means the right shilt, positive value means the lelt shift. Ii’s possible for any
source 2 operand to specify from —32 to +31 but the result is unknown if invalid shift value is
specified. In case of the shift with immediate operand instruction, the source 1 operand must be the
same register as the destination’s. These operations are executed in the final stage of the pipeline
sequence, named DSP stage, as shown in figure 3.2.

Every time a logical shift operation is executed, the DC, N and Z bits in the DSR register are
basically updated with the operation result but V and GT bits are always cleared. In case of a
conditional operation, they are not updated, even though the specified condition is true and the
operation is executed. In case of unconditional operation, they are always updated with the
operation result. The definition of the DC bit is selected by CS0-2 (condition selection) bits in the
DSR register. The DC bit result is:

1. Carry or Borrow Mode: CS [2:0] = 000
The DC bit indicates the last shifted out data as the operation result.
2. Negative Value Mode: CS [2:0] =001
Samc definition as ALU logical opcrations.
3. Zero Value Mode: CS [2:0] =010
Same definition as ALU logical operations.
4. Overflow Mode: CS [2:0] =011
The DC bit is always cleared.
5. Signed Greater Than Mode: CS [2:0] = 100
The DC bit is always cleared.
6. Signed Greater Than or Equal Mode: CS [2:0] = 101
The DC bit is always cleared.

The N bit always indicates the same state as the DC bit which CS[2:0] bits are set as the negative
value mode. See the negative value mode part above. The Z bit always indicates the same state as

the DC bit which CS[2:0] bits are set as the zero value mode. See the zero value mode part above.
The V bit always indicates the same state as the DC bit which CS[2:0] bits are set as the overflow
mode but it’s always cleared in this operation. So is the GT bit.
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3.1.6 Most Significant Bit Dctection Opceration

The ‘PDMSB’, most significant bit detection operation, is used to calculate the shift amount for
normalization. Figure 3.12 shows the ‘PDMSB’ operation flow and table 3.8 shows the operation
definition. Table 3.9 shows the possible variations of this type of operation. The flexibility of
each operand is the same as for ALU fixed-point operations, as shown in table 3.2. See note of
section 3.1.1, ALU Fixed-Point Operations.

Note: The result of the priority encode operation is basically 24 bits as well as ALU integer
operation, the upper 16-bits of the base precision and 8 bits of the guard-bit parts. When a
register not providing the guard-bit parts as a destination operand, the lower 16 bits of the
operation result are input into the destination register.

As shown in figure 3.11, the ‘PDMSB’ operation uses full-size data as a source operand, but the
destination operand is treated as an integer operation result because shift amount data for
normalization should be integer data as described in section 3.1.5 (Arithmetic Shift). These
operations are executed in the final stage of the pipeline sequence, named DSP stage, as shown in
figure 3.11.

Every time a ‘PDMSB’ operation is executed, the DC, N, Z, V and GT bits in the DSR register
are basically updated with the operation result. In case of a conditional operation, they are not
updated, even though the specified condition is true, and the operation is executed. In case of an
unconditional operation, they are always updated with the operation result.

Guard 31 0

T
| | Source 1 or 2

L
Priority encoder ’lGTl Z | N | v |DC|
DSR
Y
Destination Cleared

Guard.31

Figure 3.11 ‘PDMSB’ Operation Flow
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The definition of the DC bit is selected by CSO-2 (condition selection) bits in the DSR register.
The DC bit result is:

1. Carry or Borrow Mode: CS [2:0] =000

The DC bit is always cleared.
2. Negative Value Mode: CS [2:0] =001

Same definition as ALU integer arithmetic operations.
3. Zero Value Mode: CS [2:0] =010

Same definition as ALU integer arithmetic operations.
4, Overflow Mode: CS [2:0] =011

The DC bit is always cleared.
5. Signed Greater Than Mode: CS [2:0] = 100

Same definition as ALU integer arithmetic operations.
6. Signed Greater Than or Equal Mode: CS [2:0] = 101

Same definition as ALU integer arithmetic operations.
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Table 3.8 Operation Definition of ‘PDMSB’

Data in SRC Result for DST
Guard
Guard Bit Upper Word Lower Word Bit Upper Word
79 69 1g Og 31 30 290 28 3 2 1 0 7g-0g 3122 21 20 19 18 17 16 Decimal
0 0 0O 0 0 0 0 O 0O 0 0o 0o AlIO AIO O 1 1 1 1 1 +31
0 0 0O 0 0 0 0 O 0o 0o o1 AIO AlIO O 1 1 1 1 O +30
0 0 0O 0 0 0 0 O o o 1 * AIO AlIO O 1 1 1 0 1 +29
0 0 0O 0 0 0 0 O o 1 = * AIO AIO O 1 1 1 0 O +28
0 0 o 0 0 0 0 1 #= x® % x A0 AlIO O O O O 1 O +2
0 0 o o o o0 1 = ®= x® % %  AlO AlO O O O O O 1 +1
0 0 o 0o o0 1 = = ®= x® % x AlO AlO O O O O O O 0
0 0 o o0 1 = x = o AV | Alt 1 1 1 1 1 1 —
0 0 o 1 * = % = ®oow ok ok A Alt 1 1 1 1 1 0 2
0o 1 ook Rk Rk ® Y VI | Al1 1 1 1 0 0 O -8
10 #ook Rk ko o® # ook ok kA Al1 1 1 1 0 0 O -8
11 1 0 * =* * % * ook ok A Alt 1 1 1 1 1 0 2
11 11 0 * * * * ook ok A Al 1 1 1 1 1 1 -1
1 1 11 1 0 = = * = &« = A0 AIO O O O O O O 0
1 1 111 1 0 = * = & = A0 AIO O O O O O 1 +1
1 1 111 1 1 0 * = &« = A0 AIO O O O O 1 O +2
11 11 1 1 1 1 i 0 *= *= AlO AlIO O 1 1 1 0 O +28
11 11 1 1 1 1 i1 0 *= AlIO AlIO O 1 1 1 0 1 +29
11 11 1 1 1 1 i1 1 0 AlIO AlIO O 1 1 1 1 0 +30
11 11 1 1 1 1 i1 1 1 AlO AlIO O 1 1 1 1 A1 +31
Note: *“* means ‘don’t care’ bit.
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Table 3.9 Variation of ‘PDMSB’ Operations

Mnemonic Function Source Source 2 Destination
PDMSB MSB detection Sx — Dz
— Sy Dz

The N bit always indicates the same state as the DC bit which CS [2:0] bits are set as the negative
value mode. See the negative value mode part above. The Z bit always indicates the same state as
the DC bit which CS [2:0] bits are set as the zero value mode. See the zero value mode part above.
The V bit always indicates the same state as the DC bit which CS [2:0] bits are set as the
overflow mode. See the overflow mode part above. The GT bit always indicates the same state as
the DC bit which CS [2:0] bits are set as the signed greater than mode. See the signed greater than
mode part above.

3.1.7 Rounding Operation

The DSP unit provides the rounding function that rounds from 32 bits to 16 bits. In case of
providing guard-bit parts, it rounds from 40 bits to 24 bits. When a round instruction is executed,
h'00008000 is added to the source operand data and then, the lower word is cleared. Figure 3.12
shows the rounding operation flow and figure 3.13 shows the operation definition. Table 3.10
shows the variation of this type of operation. The flexibility of each operand is the same as ALU
fixed-point operations as shown in table 3.2. See note of section 3.1.1, ALU Fixed-Point
Operations,

As shown in figure 3.12, the rounding operation uses full-size data for both source and destination
operands. These operations are executed in the final stage of the pipeline sequence, named DSP
stage as shown in figure 3.2.

The rounding operation is always executed unconditionally, so that the DC, N, Z, V and GT bits
in the DSR register are always updated in accordance with the operation result. The definition of
the DC bit is selected by CS0-2 (condition selection) bits in the DSR register. These condition
code bit result is the same as the ALU-fixed point arithmetic operations.
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Guard 31 0

| | Source:1 or2 ‘ ‘ h'00008000 |
AN
Addition '
\V4
ALU [GT[ Z[ NV [DC]

DSR

/

‘ Destination
Guard 31

Figure 3.12 Rounding Operation Flow

h'00 0002
Rounded result

h'00 0001 \
Analog value
—
0 True value
—_——
— 00—
[ o S—

Figure 3.13 Definition of Rounding Operation

Table 3.10Variation of Rounding Operations

Mnemonic Function Source 1 Source 2 Destination
PRND Rounding Sx — Dz
— Sy Dz

Overflow Protection: The S bit in the SR register is effective for any rounding operations in

the DSP unit. See section 3.1.8, Overflow Protection, for details.
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3.1.8 Overflow Protection

The S bit in the SR register is effective for any arithmetic operations executed in the DSP unit,
including the conventional SH’s multiply and the MAC operations. The S bit in the SR register,
in SH’s CPU core, is used as the overflow protection enable bit. The arithmetic operation
overflows when the operation result exceeds the range of two’s complement representation without
guard-bit parts. Table 3.11 shows the definition of overflow protection for fixed-point arithmetic
operations, including fixed-point signed by signed multiplication described in section 3.1.4, Fixed-
Point Multiply Operation. Table 3.12 shows the definition of overflow protection for integer
arithmetic operations. When a SH’s conventional multiply or MAC operation is executed, the S
bit function is completely the same as the current SH2’s definition.

When the overflow protection is effective, of course overflow never occurs. So, the V bit is never
set and the DC bit is also never set when the overflow mode is selected by CS [2:0] bits.

Table 3.11Definition of Overflow Protection for Fixed-Point Arithmetic

Sign Overflow Condition Fixed Value Hex Representation
Positive Result> 1 — 27 i-2® 00 7FFF FFFF
Negative Result < —1 -1 FF 8000 0000

Table 3.12Definition of Overflow Protection for Integer Arithmetic

Sign Overflow Condition Fixed Value Hex Representation
Positive Result > 2° — 1 2% —1 00 7FFF ###+
Negative Result < —2" 2" FF8000 #*##

‘*’ means ‘Don’t care’.

3.1.9 Data Transfer Operation

The SH7729 can execute a maximum of two data transfer operations between the DSP register and
the on-chip data memory in parallel for the DSP unit. This results almost the same performance as
other DSPs. The SH7729 provides three types of data transfer instructions for the DSP unit.

1. Parallel operation type (using XDB and YDB)
2. Double data transfer type (using XDB or YDB)
3. Single data transfer type (using LDB)

The type 1 instructions execute both data processing and data transfer operations in parallel. The
32-bit instruction code is used for this type of instruction. Basically, two data transfer operations
can be specified by this type of instruction, but they don’t always have to be specified. One data
transfer is for X memory and another is for Y memory. Both of these data transfer operations
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cannot be executed for one memory. Load operation for X memory can specify either the X0 or X1
register and for Y memory can specify either the YO or Y1 register as a destination operand. Both
store operations for X and Y memories can specify either the A0 or Al register as a source
operand. This type of operation treats a word data only. When a word data transfer operation is
executed, the upper word of the register operand is activated. In case of word data load, the data is
loaded into the upper word of the destination register, and then the lower side of the destination is
automatically cleared.

When a conditional operation is specified as a data processing operation, the specified condition
also doesn’t affect any data transfer operations. Figure 3.14 shows this type of data transfer
operation (low.

This type of data transfer operation can access X or Y memory only. Any other memory space
cannot be accessed.

£ £

X pointer (R4, R5) | Y pointer (R6, R7) |
0, +2, +R8 0, +2, +R9
XAB [15:1] YAB [15:1]
X memory Y memory
(RAM, ROM) (RAM, ROM)
A
XDB [15:0] YDB [15:0]
Y Y

|| Not affected for store, cleared for load Lo Cannot be available

Figure 3.14 Data Transfer Operation Flow

Type 2 instructions execute just two data transfer operations. The 16-bit instruction code is used
for this type of instructions. Basically, operation and operand flexibility are the same as in type 1
but conditional operation is not supported. This type of data transfer operation can also access X or
Y memory only. Any other memory space cannot be accessed.
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Type 3 instructions execute single data transfer operations only. The 16-bit instruction code is used
for this type of instructions. X pointers and other two extra pointers are available for this type of
operation but Y pointers are not available. This type of operation can access any memory address
space, and all registers in the DSP unit, except for DSR, can be specified for both source and
destination operands. The guard-bit registers, AOG and A1G, can also be specified as independent
registers. In this type of operation, LAB and LDB are used instead of XAB, XDB, YAB and YDB
to save hardware, so that the bus conflict might occur on LDB between data transfer and instruction
fetch.

This type of operation can treat both single-word data and longword data. When a word-data transfer
operalion is execuled, the upper word of the register operand is activaled. In case of word data load,
the data is loaded into the upper word of the destination register, the lower side of the destination is
automatically cleared and the signed bit is copied into the guard-bit parts, if supported. In case of
longword data load, the data is loaded into the upper word and the lower word of the destination
register and the signed bit is copied into the guard-bit parts, if supported. In case of the guard
register store, the sign is copied on the upper 24 bits of LDB. Figures 3.15 and 3.16 show this
type of data transfer operation flows.

y

2,0, +2, +R8

Pointer (R2, R3, R4, R5)

IAB [31:0]

Any memory areas

LDB [15:0]
Y

[ A0G

Not affected for store, cleared for load N c b ilabl
See Note for AOG and A1G &\\\ annot be available

Figure 3.15 Word of Data-Transfer Operation Flow
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'\>

Pointer (R2, R3,R4,R5) | ~/
—4,0, +4, +R8
IAB [31:0]
Any memory areas
i
IDB [31:0]
Y
X0 Y0
X1 Y1
AO M
Al M
[ A0G

m Cannot be available

Figure 3.16 Longword of Data-Transfer Operation Flow

All data transfer operations are executed in the MA stage of the pipeline and all data processing
operations cxccute in the DSP stage. When a store instruction is written the following step of the
corresponding data processing instruction, one stall cycle is generated in order to execute properly
because the data processing operation is not completed when the following data store operation
starts the execution. So an instruction should be inserted between the data processing instruction
and the data store instruction as shown in figure 3.17 in order to avoid such an overhead cycle.

All data transfer operations don’t update any condition code bits in the DSR register.

When one of the guard-bit register, AOG and A1G, is specified as the destination operand for a
word data load operation, MOVS.W’, the word data is input into the lower of the register.

AQ register can be loaded using both MOVS.L and LDS(.L)/STS(.L). Both operation is
completely the same in the DSP module.
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3.1.10 Local Data Move Opcration

The DSP unit of the SH7729 provides additional two independent registers, MACL and MACH, in
order to support conventional SH2’s multiply/MAC operations. They can be also used as
temporary storage registers. Local data move instruction between MACH/L and other DSP
registers to make use of this benefit. Figure 3.18 shows the flow of seven local data move
instructions. Table 3.13 shows the variation of this type of instruction.

Operation Sequence Example

PADD X0, YO, AO MOVX.W A0, @R4+ 1 step of another operation has to be
\\ MOVX.W @R5, X1 inserted between data processing
MOVX.W A0, @R4+ and store operations.

Slot
w0 | 2 | o | ¢ | s | o | 7 |
IF

MOVX & MOVX MOVX
ID ADDBe Ipovx & ADD|  MOVX MOVX
inserted
EX betweer.1 data Addressing Addressing | Addressing
processing
VA and store MOVX MOVX MOVX
operations.
DSP ADD nop nop

Figure 3.17 Instruction Sequence Example Between Data Processing and Store

MACH
MAGL

A

PSTS PLDS
Y

X0 Y0

X1 Y1

A0 MO

A1 M1

E AOGE A1G i DSRE

m Cannot be available

Figure 3.18 Local Data Move Instruction Flow
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Table 3.13Variation of Local Data Move Operation

Mnemonic Function Operand
PLDS Data Move from DSP reg. to MACL/H Dz
PSTS Data Move from MACL/H to DSP reg. Dz

This instruction is very similar to other transfer instruction. If one of A0 and A1 registers is
specified as the destination operand of PSTS, the signed bit is copied into the corresponding guard-
bit parts, AOG or A1G. DC bit and other condition code bits are not updated based upon the
instruction result. This instruction can operate conditionally.

Note: Basically, the local data move operation can be specified with MOVX and MOVY in
parallel. However, MOVX and this local data move operation use the same hardware
resource, o one cycle overhead is inserted when both are specified on the same instruction
line.

3.1.11 Operand Conflict

When the identical destination operand is specified with multiple parallel operations, data conflict
occurs. Table 3.14 shows the operand flexibility of each operation.

Table 3.140perand Flexibility

X-Side Y-Side 6-Inst. 6-Inst. 3-Inst. 3-Inst.

Load Load ALU Multi ALU Multi
Ax Ix Dx Ay ly Dy Sx Sy Du Se Sf Dg Sx Sy Dz Se Sf Dg
register a4 # ® o« ®© o ox ox
Mo * & * & *
X0 ® . ® + . ® « =«
X1 ® . . . ®
YO ® » & 4 * » G 4 *

O Operand confliction case.
“*" Available regs. for operand.
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There are three cases of operand conflict problems. Actual hardware will avoid conflict ignoring
either one even though such an instruction code is issued.

1. When ALU and multiply instructions specify the same destination operand (Du and Dg), the
ALU instruction is executed normally and the multiplier instruction is ignored.

2. When X-side load and ALU instructions specify the same destination operand (Dx, Du, Dz), the
ALU instruction is executed normally and the X-side load instruction is ignored.

3. When Y-side load and ALU instructions specify the same destination operand (Dy, Du, Dz), the
ALU instruction is executed normally and the Y-side load instruction is ignored.

In these cases above, the result is unknown in the destination register on the specs.

Note: When a PLDS or an LDS instruction is specified in parallel with X-side load instruction, a
kind of conflict occurs. However, it’s not treated as an operand conflict but a resource
conflict because both instructions have to use the same internal bus in the DSP module,
so that conflict always occurs even though the specified operand is different.

3.2 DSP Addressing

3.2.1 DSP Loop Control

The SH7729 prepares a special control mechanism for efficient loop control. An instruction
‘SETRC” sets repeat times into the repeat counter RC (12 bits), and an execution mode in which a
program loop executes repetitively until RC is equal to ‘1°. After completion of the repeat
instructions, the contents of the RC becomes 0.

Repeat start address register RS keeps the start address of a repeat loop. Repeat end register RE
keeps the repeat end address. (There are some exceptions. See note, “Actual Implementation
Options™.) Repeat counter RC keeps the number of repeat times. In order to make this loop
control, the following steps are required.

Step 1) Set loop start address into RS
Step 2) Set loop end address into RE
Step 3) Set repeat counter into RC
Step4) Start repeat control

To do steps 1 and 2, use new instructions:

IDRS @ (disp,PC); and
IDRE @ (disp,PC);
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For steps 3 and 4, use a new instruction, SETRC. An operand of SETRC is the immediate value
or one of the general-purpose registers that will specify repeat times.

SETRC #imm; #imm->RC, enable repeat control

SETRC Rm; Rm—->RC, enable repeat control

#imm is 8 bits while RC is 12 bits. Therefore, to set more than 256 into RC, use Rm. A sample
program is shown below.

LDRS RptStart;
LDRE RptEnd3+4;
SETRC  #imm; RC = #imm
instr0;
; instrl-5 executes repeatedly

RptStart: instrl;

RptEnd3: instr2;
instr3;
instré4;

RptEnd: instr5;
instré6;

In this implementation, there are some restrictions to use this repeat controls as follows:

1. There must be at lcast onc instruction between SETRC and the first instruction of a repcat
loop.
2. LDRS and LDRE must be executed before SETRC.

3. Ina case that the repeat loop has four or more instructions in it, the one stall cycle is necessary
at each iteration if repeat start address (address at the insirl in above example) is not longword
boundary.

4. If a repeat loop has less than four instructions in it, it can’t have any branch instructions
(BRA, BSR, BT, BF, BT/S, BF/S, BSRF, RTS, BRAF, RTE, ISR and JMP), repeat control
instructions (SETRC, LDRS and LDRE), load instructions for SR, RS, RE and TRAPA in il.
If these instructions are written, a reserved instruction code exception is executed and a certain
address value shown in table 3.15 is stored into SPC.

Table 3.15 Address Value to be Stored into SPC (1)

Condition Location Address to be Pushed
RC>=2 Any Rptstart
RC=1 Any Prog. addr. of the illegal inst.
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5. If a repeat loop has four or more instructions in it, any branch instructions (BRA, BSR, BT,
BF, BT/S, BF/S, BSRF, RTS, BRAF, RTE, JSR and JMP), repeat control instructions
(SETRC, LDRS and LDRE), load instructions for SR, RS, RE and TRAPA must not be
written within the last three instructions from the bottom of a repeat loop. If written, a reserved
instruction code exception is executed and a certain address value shown in table 3.16 is stored
into SPC. In cases of repeal control instructions (SETRC, LDRS and LDRE) and load
instructions for SR, RS, RE and TRAPA they cannot be placed in any other location of the
repeat module, either. If they are, the operation is not guaranteed.

Table 3.16Address Value to be Stored into SPC (2)

Condition Location Address to be Pushed

RC>=2 instr3 Prog. addr. of the illegal inst.
instr4 RptStart - 4
instr5 RptStart - 2

RC=1 Any Prog. addr. of the illegal inst.

6. If a repeat loop has less than four instructions in it, any PC relative instructions (MOVA
@ (disp, PC), RO, etc.) don’t work properly except the instruction at the repeat top (instrl).

7. If a repeat loop has four or more instructions in it, any PC relative instructions (MOVA
@ (disp, PC), RO, ctc.) don’t work properly at two instructions from the repeat bottom.

8. The CPU has no repeat enable flag, however it uses the condition RC = 0 to disable repeat
control. Whenever RC is not ()’ and PC matches RE, the repeat control is alive. When ‘0 is
set in the RC, the repeat control is disabled but the repeat loop is executed once and does not
return to the repeat start as well as RC = 1 case. When RC = 1, the repeat loop is executed
once and does not return to the repeat start but the RC becomes 0 after completing the
execution of the repeat loop.

9. If arepeat loop has more than three instructions in it, any branch instructions, including
subroutine call and return instructions, cannot specify the instruction from “inst3” to “inst5” in
previous example as the branch target address. If executed, the repeat control doesn’t work so
the program go through the following instruction and the RC is also not updated. When a
repeat loop has less than four instructions in it, the repeat control doesn’t work properly and
the contents of the RC in SR register is not updated if the branch target is the “RptStart” or a
subsequent address.

10. Interrupt acceptance is restricted during repeat loop processing. See figure 3.19 for detail
restrictions. Here, the flow of each case in figure 3.19 shows the EX stages. Usually interrupt
starts right after the instruction’s EX stage is finished. These are specified by “A” in the figure.
However, at the point specified by “B”, interrupt is not accepied.
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A: Acceptable for any interrupts
B: Not acceptable for any interrupts

RC>=1 casges,

1. One step repeat

2. Two step repeat

) 0 «—A ) 0 «— A
}nstr B }nstr B
Start (End) : instrl B Start: instrl B
instr2 oA End: instr2 B
instr3
«A

4. Four or more steps repeat

instr0
Start: instrl

End: instr
instr n+l

«—A
< Aor B (When return from instr n)
«—A

«— A
«—B
«—B
«—B
«—B
«— A

3. Three step repeat

Start:

End:

«— A
«—B
«~B

note3 «—B
inscr B

instr4 <
instrd A

instr0
instrl
instr2

RC=0 case,

Acceptable for any interrupts

Figure 3.19

Restriction of Interrupt acceptance in Repeat Loop
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Note 1: Actual Implementation

Repeat start and repeat end registers, RS and RE keep repeat start address and repeat end address.
The addresses that are kept in these registers depend on the number of instructions in the repeat
loop. The rule is as follows,

Repeat_Start:  An address of the instruction at the repeat top.
Repeat_Start0: An address of the instruction before one instruction at the repeat top.
Repeat_End3: An address of the instruction before three instruction at the repeat bottom.

Table 3.17RS and RE Setting Rule

Number of Instructions in a Repeat Loop

1 2 3 >=4

RS Repeat_start0 +8 Repeat_start0 +6  Repeat_start0 +4 Repeat_start

RE Repeat_start0 +4 Repeat_start0 +4 Repeat_start0 +4 Repeat_End3+4

Based on this table, the actual repeat programming for various cases should be described as in the
following examples:

CASE 1. 1 Repeated Instruction

LDRS RptStart0+8;
IDRE Rptstart0+4;
SETRC RptCount;
RptStart0: instr0;
RptStart: instrl; Repeated instruction

instr2;
CASE 2: 2 Repeated Instructions

LDRS RptStart0+6;
IDRE RptStart0+4;
SETRC RptCount;

Rptstart0: 1instr0;

RptsStart: instrl; Repeated instruction 1
RptEnd: instr2; Repeated instruction 2
instr3;
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CASE 3: 3 Repeated Instructions

LDRS RptStart0+4;
LDRE RptStart0+4;
SETRC RptCount;

RptStart0: instr0;

RptsStart: instrl; Repeated instruction 1
instr2; Repeated instruction 2

RptEnd: instr3; Repeated instruction 3
instr4;

CASE 4: 4 or more Repeated Instructions

LDRS RptStart;
LDRE RptEnd3+4;
SETRC RptCount;

RptStart0: instr0;

RptStart: instrl; Repeated instruction 1
instr2; Repeated instruction 2
instr3; Repeated instruction 3

RptEnd3: instrN-3; Repeated instruction N
instrN-2; Repeated instruction N-2
instrN-1; Repeated instruction N-1

RptEnd: instrN; Repeated instruction N
instrN+1;

The examples above can be used as a template to program this repeat loop scquences. However, for
easy programming, an extended instruction “REPEAT” will be provided to handle these complex
labeling and offset issues. Details will be described in the following note 2.

Note 2: Extended Instruction REPEAT

This REPEAT extended instruction will handle all the delicate labeling and offset processing
described in table 3.17 and note 1. The labels used here are:

Rptart: An address of the instruction at the top of the repeat loop.
RptEnd: An address of the instruction at the bottom of the repeat loop.
RptCount: Repeat count immediate number
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This instruction can be used in the following way:
Here repeat count can be specified as an immediate value #Imm or a register indirect value Rn.,
CASE 1: 1 Repeated Instruction

REPEAT RptStart, RptStart, RptCount;

instr0;
RptStart: instrl; Repeated instruction

instr2;
CASE 2: 2 Repeated Instruction

REPEAT RptStart, RptEnd, RptCount;

instr0;
RptStart: instrl; Repeated instruction 1
RptEnd: instr2; Repeated instruction 2

CASE 3: 3 Repeated Instruction

REPEAT RptStart, RptEnd, RptCount;

instr0;
RptStart: instrl; Repeated instruction 1
instr2; Repeated instruction 2
RptEnd: instr3; Repeated instruction 3

CASE 4: 4 or more Repeated Instructions

REPEAT RptStart, RptEnd, RptCount;

instr0;
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RptStart instrl; Repeated instruction 1
instr2; Repeated instruction 2
instr3; Repeated instruction 3
instrN-3; Repeated instruction N
instrN-2; Repeated instruction N-2
instrN-1; Repeated instruction N-1

RptEnd instrN; Repeated instruction N
instrN+1;

The expanded results of each case corresponds to the same case numbers in note 1.

3.2.2 DSP Data Addressing

The SH7729 has two types of memory access instructions: one is “X and Y data transfer
instruction” (MOVX. W and MOVY.W), and the other one is “single data transfer instruction”
(MOVS.W and MOVS.L). Data addressing of these two types of instruction are different. Table
3.18 shows a summary of DSP data transfer instructions.

Table 3.18Summary of DSP Data Transfer Instructions

X and Y Data Transfer
Operation (MOVX.W MOVY.W)

Single Data Transfer
Operation (MOVS.W, MOVS.L)

Address registers

Ax: R4 and R5, Ay: R6é and R7

As: R2, R3, R4 and R5

Index register(s)

Ix: R8, ly: R9

Is: R8

Addressing
operations

Nop/Inc (+2)/Add-index-reg:
Post-update

Nop/Inc (+2, +4)/Add-index-reg:
Post-update

Dec (-2, —4): Pre-update

Modulo addressing  Yes No

Data bus XDB and YDB IDB

Data length 16 bit (word) 16 bit/32 bit (word/longword)
Bus conflict No Possible (same as the SH)
Memory X and Y data memories All memory space

Source registers

Dx, Dy: A0 and A1

DS: A0/1, MO/1, X0/1, YO/1, AOG,
A1G

Destination registers Dx: X0/1, Dy: Y0/1

Ds: A0/1, M0/1, X0/1, YO/1, AOG,
A1G
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Addressing Instructions for MOVX.W and MOV.W: The SH7729 can access X and Y
data memories simultaneously (MOVX.W and MOVY.W). The DSP instructions have two address
pointers that simultaneously access X and Y data memories. The DSP instruction has only
pointer-addressing (it does not have immediate-addressing). Address registers are divided into two
sets, R4,5 (Ax: Address register for X memory) and R6,7 (Ay: Address register for Y memory).
There are three data addressing operations [or X and Y dala transfer instruction.

1. Not-update address register
2. Add-index register
3. Increment address register

Each address pointer set has an index register, R8[Ix] for set Ax, and R9[Iy] for set Ay. Address
instructions for set Ax use ALU in the CPU, and address instructions for set Ay use additional
address unit (figure 3.20).

[ Relix Rd [Ax] [ Rofy] R6 [Ay]
+2(INC) RS [Ax]

s2(No) —————— R7 [Ay]
+0 (Not update) +0 (Not update)

Additional
ALU adder for DSP AU
addressing

Three address operation types,

1. Increment

2. Add-index-register (Ix/ly)

3. Not update

All operations are post-update type.

To decrement address pointer, set —2 to an index register.

Figure 3.20 DSP Addressing Instructions for MOVX.W and MOVY.W

Addressing in X and Y data transfer operation is always word mode; that is access 10 X and Y data
memorics are 16bit data width. Thercfore, the increment operation adds “2° to an address register.
To realize decrement, set ‘-2’ to an index register and use add-index-register operation.

Addressing Instructions for MOVS: The SH7729 has single-data transfer instruction
(MOVSs.w and MOVS.L) to load/store DSP data registers. In this instruction, R2 10 5 (As:
Address register for single-data transfer) are used for address pointer.

There are four data addressing instructions for single data transfer operation.

1. Not-update address register

2. Add-index register (post-update)

3. Increment address register (post-update)
4

. Decrement address register (pre-update)
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The address pointer set. As has an index register R8[Is] (figure 3.21)

R2 [As]
R3 [As]
| Rels] R4 [As]
—2/—4 (DEC) R5 [As]
+2/+4 (INC)
+0 (No update)
ALU
Four address operation types,
1. No update
2. Add-index-register (Is) —'» )
3. Increment Post-update
4. Decrement Pre-update

Figure 3.21 DSP Addressing Instructions for MOVS

Modulo Addressing: The SH7729 provides modulo addressing mode, which is common in
DSPs. In modulo addressing mode, the address register is updated as explained above. When the
address pointer reaches the pre-defined address (the modulo-end address), it goes to the modulo start
address.

Modulo addressing is available for X and Y data transfer instruction (MOVX and MOVY), but not
single-data transfer instruction (MOVS). The DMX and DMY in the SR register are used for the
modulo addressing control. If the DMX is ‘1’ then the modulo addressing mode is effective for the
X memory address pointer Ax (R4 or R5). If the DMY is ‘1’ then it is effective for the Y memory
address pointer Ay (R6 or R7). Modulo addressing is available for one of X and Y address registers
at one time. S0 DMX = DMY = 1 case is reserved for future expansion. When both DMX and
DMY are set simultancously, the hardware will preliminary treat as the modulo addressing mode
for the Y address pointer only.

To specify the start and the end addresses of the modulo address area, the MOD register, which
includes MS (modulo start) and ME (modulo end) is prepared. Following example shows a way to
set the MOD (MS and ME) register.

MOV.L ModAddr,Rn; Rn=ModEnd, ModStart

LDC Rn,MOD; ME=ModEnd, MS=ModStart
ModAddr: .DATA.W mEnd; Iower 16 bits of ModEnd

.DATA.W mStart; Lower 16 bits of ModStart
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ModStart: .DATA

ModEnd: .DATA

MS and ME are set to specify the start and the end addresses, and then to set the DMX or DMY bit
to ‘1. The content of the address register is compared to ME. If it matches ME, the start address in
MS is restored in the address register. Bits 1 to 15 of address register is compared to ME. The ME
register holds the bit 0 also but it’s not used. The maximum modulo size is 64 KB (it may exceed
the memory size of the X or Y data memory through). Figure 3.22 shows block diagram of the
modulo addressing.

Instr (MOVX/Y)

31 1615 0 31 1615 0

31 0 R4|[AX] R6[Ay] 31 0
RSI[AX] R7/[AY]
+2 +2

+0

15 1
o Ao
15 1 15 0 15 1
XAB YAB

Figure 3.22  Modulo Addressing for Address Registers
An example is shown bellow.

MS=H'F000; ME=H'F004; R4=H'0800F000;
DMX=1; DMY=0 (modulo addressing for address register set Ax(R4,5))
; R4: H'0800F000

MOVX.W @R4+,Dx ; R4: H'0BOOF002
MOVX.W @R4+,Dx ; R4: H'0BOOF004
MOVX.W @R4+,Dx ; R4: H'0BOOF000
MOVX.W QR4+,Dx ; R4: H'0B00F002

The upper 16 bits of the modulo start and end addresses must be the same. Because the modulo
start address replaces only 16 bits of the address register.
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When the add-index register instruction is used for DSP data addressing, the address pointer might
exceed ME instead of matching it. In this case, the address pointer does not return to the modulo
start address.

Addressing Instruction in the Execution Stage: Address instructions, including modulo
addressing, are executed in the execution stage of the pipeline. Behavior of the DSP data addressing
in the execution stage is:

if ( Operation is MOVX.W MOVY.W ) {
BBx=AX; ABy=Ay;

/* Memory access cycle uses ABRx and ABy. The addresses to be used have not
been updated. */

/* Ax is one of R4,5 */
if {DMX==0 || ( DMX==1 && DMY==1 )}Ax = Ax+(+2 or R8[Ix] or +0);
/* Inc, Index,Not-Update */

else if (! not-update) Ax=modulo( Ax, (+2 or R8[IX]) );

/* Ay 1s one of R6,7 */
if ( DMy==0 ) Ay=Ay+(+2 or R9[Iy] or +0); /* Inc,Index,Not-Update */
else if (! not-update) Ay=modulo( Ay, (+2 or R9[Iy]) );
}
else if ( Operation is MOVS.W or MOVS.L ) {
if ( Addressing is Nop, Inc, Add-index-reg ) {
MAB=As;

/* Memory access cycle uses MAR. The address to be used has not been
updated. */

/* As is one of R2-5 */
As = As+(4+2 or +4 or R8[Is] or 4+0); /* Inc,Index,Not-Update */
else {/* Decrement, Pre-update */
/* As is one of R2-5 */
As=As+ (-2 or -4);
MAR=As;
/* Memory access cycle uses MAB. The address to be used has been updated. */
}

/* The value to be added to the address register depends on addressing
instructions.

For example, (+2 or R8[Ix] or +0) means that
75
HITACHI



+2: if instruction is increment
R8[Ix]: if instruction is add-index-register
+0: if instruction is not-update

*/

function modulo ( AddrReg, Index ) {

if ( AddrReg[15:1]==ME[15:1] ) AddrReg[l5:1]==MS[15:1];
else AddrReg=AddrReg+Index;

return AddrReg;

}

X and Y Data Transfer Instruction (MOVX.W and MOVY.W): This type of
instruction uses the XDB and the YDB to access X and Y data memories (they cannot access other
memory space). These two buses are separate bus from the instruction bus, therefore, there is no
access conflict between the data memory access and instruction memory access.

Figure 3.23 shows load/store control for X and Y data transfer instruction. All memory accesses
are word mode accesses.

31 0 31 0
Instruction code for X R4 [AX] R6 [Ay] Instruction code for Y
data transfer operation R5 [AX] R7 [Ay] data transfer operation
DSP dat + * = ! = ! * * DSP dat
ata ata
register <~ Control ABX I Control —-- register
X0/1, A0/ for Xmem | N7/ N for Y mem Yo/1, A0/
Input/output XAB 15b Input/output
control 2 control
X_MEM YAB 15b Y_MEM
X dat Y dat =
> ata ata
X RW mem mem Y RIW
4 kbytes 4 kbytes
DB 160, |
YDB
16b
X_MEM, _MEM:

Select X and Y data memory

Figure 3.23 Load/Store Control for X and Y Data-Transfer Instruction
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Control for X mem

if ( 'Nop ) {
X _MEM=1; XAR=ABX;
if ( load operation ) {
Dx[31:16]=XDB;
Dx[15:0]=0x0000; /* Dx is X0 or X1 */
}
else XDBR = Dx[31:16]; /* Dx is A0 or Al */
}
else {X MEM=0; XAR=0x000; }

The conditional execution based on a DC flag in the DSR cannot control any MOVX/MOVY
instructions.

Single-Data Transfer Instruction (MOVS.W and MOVS.L): The SH7729 has single
load/store instruction for the DSP registers. It is similar to a load/store instruction for a system
register. It transfers data between memory and DSP data registers using IAB and LDB. There may
be access conflict between the data access and the instruction fetch.

The single-data transfer instruction has word and longword access modes. Figure 3.24 shows a
block diagram of single-data transfer. Control of the memory address buffer (MAB) and the
memory select uses existing SH-CPU core design.

31 0 Instruction code for single data transfer
R2 [As] operation
RS [As] | As | Ms |WL‘ LS| i Ds !
R4 [As] »
R5 [As] - I
" Control Y V V
i 0 in SHcore |- L -t
MAB
N/ Control DSP data regist
ata register
32b p—- Input/output control
LAB —= 1
Memory
LDB —+ I
32b

Figure 3.24 Load/Store Control for Single-Data Transfer Instruction
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Control

LAR=MAR;
if ( Ms!=NLS && W/L is word access ) {/* MOVS.W */
if (LS==load) {
if (Ds!=A0G && Ds!=Al1G) {
Ds[31:16]=LDB[15:0]; Ds[15:0]=0x0000;
if (Ds==A0) A0G[7:0]=sign—extension of I1DB;
if (Ds==Al) AlG[7:0]=sign—-extension of LDB;
}
else Ds[7:0]=LDB[7:0]; /* Ds is AOG or AlG */
}
else {/* Stors */
if (Ds!=A0G && Ds!=AlG) LDB[15:0]=Ds[31:16];
/* Ds is AOG or AlG */
else IDB[15:0]=Dsg[7:0] with 8bit sign-extension;

}
else if ( MA!=NLS && W/L is long-word access ) {/* MOVS.L */
if (LS==load) {
if (Ds!=A0G && Ds!=AlG) {
Ds[31:0]=1LDB[31:0];
if (Ds==A0) AOG[7:0]=sign-extension of LDRB;
if (Ds==Al) AlG[7:0]=sign—-extension of LDB;
}
else Ds[7:0]=LDBR[7:0]; /* Ds is A0G or AlG */
}
else {/* Stors */
if (Ds!=A0G && Ds!=Al1G) LDB[31:0]=Ds[31:0];
/* Ds is AOG or AlG */

else IDB[31:0]=Ds[7:0] with 24bit sign-extension;
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Section 4 Instruction Set

4.1 Basic Concept of SH7729 Instruction Set

In order (o improve digital signal processing performance, DSP type of instructions are added (o
form SH7729’s ISA. Its relationship with the rest of the SH family is:

1. Object-code level upward compatible with SH1, SH2 and SH3.

2. Instructions of DSP extension are object-code level compatible with DSP extension in SH-
DSP.

This section is organized in two parts: section 4.2, SH1, SH2, SH3 Compatible Instruction Set
and section 4.3, Instructions for DSP Extension. Instructions described in section 4.2 are all 16-bit
in length and are compatible to SH1, SH2 and SH3 (SH7708) series. DSP Extension instructions
are divided into 3 groups:

1. Additional system control instructions for CPU unit, e.g. setting up repeat loop control and
modulo addressing.

2. Single- or double-data transfer between memory and registers in the DSP unit
3. Parallel instruction for the DSP unit.

Groups 1 and 2 are 16-bit in length, while 3 are 32-bit instructions which can specify up to four
parallel instructions (two load/store, one ALU and one Multiply) at the same time.

4.2 SH1, SH2, SH3 Compatible Instruction Set

4.2.1 Instruction Set by Classification

SHI, SH2 and SH3 instruction set includes 66 basic instruction types, divided into seven
functional classifications, as listed in table 4.1. Tables 4.3 t0 4.8 summarize instruction notation,
machine mode, execution time, and function.
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Table 4.1 Classification of Instructions

Operation Number of
Classification Types Code Function Instructio
ns
Data transfer 6 MOV Data transfer 40
Immediate data transfer
Peripheral module data transfer
Structure data transfer
MOVA Effective address transfer
MOVT T-bit transfer
SWAP Swap of upper and lower bytes
XTRCT Extraction of the middle of registers
connected
PREF Prefetching data to cache
Arithmetic 21 ADD Binary addition 34
operations ADDC Binary addition with carry
ADDV Binary addition with overflow check
CMP/cond  Compatison
DIV1 Division
DIVOS Initialization of signed division
DIvou Initialization of unsigned division
DMULS Sighed double-length multiplication
DMULU Unsigned double-length multiplication
DT Decrement and test
EXTS Sign extension
EXTU Zero extension
MAGC Multiply/accumulate, double-length
multiply/accumulate operation
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Table 4.1 Classification of Instructions (cont)

Operation Number of

Classification Types Code Function Instruction
s

Arithmetic 21 MUL Double-length multiplication (32 x 32 bits) 34
operations
(cont)

MULS Sighed multiplication (16 x 16 bits)

MULU Unsigned multiplication (16 x 16 bits)

NEG Negation

NEGC Negation with borrow

SuB Binary subtraction

SUBC Binary subtraction with carry

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

OR Logical OR

TAS Memory test and bit set

TST Logical AND and T-bit set

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

ROTR One-bit right rotation

ROTCL One-bit left rotation with T bit

ROTCR One-bit right rotation with T bit

SHAL One-bit arithmetic left shift

SHAR One-bit arithmetic right shift

SHLL One-bit logical left shift

SHLLn n-bit logical left shift

SHLR One-bit logical right shift

SHLRn n-bit logical right shift

SHAD Dynamic arithmetic shift

SHLD Dynamic logical shift
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Table 4.1 Classification of Instructions (cont)

Operation Number of

Classification Types Code Function Instructio
ns
Branch 9 BF Conditional branch, conditional branch 11
with delay (T = 0)
BT Conditional branch, conditional branch
with delay (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 14 CLRT T-bit clear 74
control CLRMAC MAGC register clear

CLRS S-bit clear

LDC Load to control register

LDS Load to system register

LDTLB Load PTE to TLB

NOP No operation

RTE Return from exception processing

SETS S-bit set

SETT T-bit set

SLEEP Shift into power-down mode

STC Storing control register data

STS Storing system register data

TRAPA Trap exception handling
Total: 66 189

Instruction codes, instruction, and execution states are listed in table 4.2 by classification. Tables
4.3 through 4.8 list the minimum number of clock cycles required for execution. In practice, the
number of execution cycles increases when the instruction fetch is in contention with data access
or when the destination register of a load instruction (memory — register) is the same as the

register used by the next instruction.
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Table 4.2 Instruction Code Format
Item Format Explanation
Instruction OP.Sz OP: Operation code
mnemonic SRC, DEST 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
summary (xx) Memory operand
M/Q/T Flag bits in the SR
& Logical AND of each bit
| Logical OR of each bit
A Exclusive OR of each bit
~ Logical NOT of each bit
<<h, >>Nn n-bit shift
Execution Value when no wait states are inserted
cycle
Instruction The execution cycles listed in the table are minimums. The
execution actual number of cycles may be increased:
cycles 1. When contention occurs between instruction fetches
and data access, or
2. When the destination register of the load instruction
(memory — register) and the register used by the next
instruction are the same.
T bit Value of T bit after instruction is executed

No change

Note: Instruction execution cycles: The execution cycles listed in the table are minimums. The
actual number of cycles may be increased when (1) contention occurs between instruction
fetches and data access, or (2) when the destination register of the load instruction
(memory — register) and the register used by the next instruction are the same.
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Table 4.3 Data Transfer Instructions

Instruction Operation Code Cycles T
Bit
MOV #inmm, Rn #imm — Sign extension > Rn  1110nnnniiiiiiii 1 —
MOV.W @(disp,PC),Rn (disp x 2 + PC) — Sign 1001nnnndddddddd 1 —
extension — Rn
MOV.L, @{(disp,PC),Rn (disp x4 + PC) — Rn 1101nnnndddddddd 1 —
MOV Rm, Rn Rm —Rn 0110nnnnmmmm0011 1 —
MOV.B Rm, @Rn Rm — (Rn) 0010nnnnmmam0000 1 —
MOV.W Rm, @Rn Rm — (Rn) 0010nnnnmmam0001 1 —
MOV.L Rm, @Rn Rm — (Rn) 0010nnnnmmam0010 1 —
MOV.B  @Rm,Rn (Rm) — Sign extension - Rn  0110nnnnmmmm0000 1 —
MOV.W @Rm,Rn (Rm) — Sign extension - Rn  0110nnnnmmmm0001 1 —
MOV.L @Rm,Rn (Rm) — Rn 0110nnnnmmmm0010 1 —
MOV.B Rm, @-Rn Rn—1 — Rn, Rm — (Rn) 0010nnnnmmmm0100 1 —
MOV.W Rm, @-Rn Rn—2 — Rn, Rm — (Rn) 0010nnnnmmmm0101 1 —
MOV.L Rm,@-Rn Rn—4 — Rn, Rm — (Rn) 0010nnnnmmmm0110 1 —
MOV.B  @Rm+,Rn (Rm) — Sign extension — Rn, 0110nnnnmmmm0100 1 —
Rm+1 —Rm
MOV.W @Rm+,Rn (Rm) — Sign extension - Rn, 0110nnnnmmmm0101 1 —
Rm +2 —>Rm
MOV.L @Rm+,Rn (Rm) — Rn, Rm + 4 -Rm 0110nnnnmmmm0110 1 —
MOV.B RO, @ (disp, Rn) RO — (disp + Rn) 10000000nnnndddd 1 —
MOV.W RO, @ (disp, Rn) RO — (disp x 2 + Rn) 10000001nnnndddd 1 —
MOV.L Rm, @ (disp,Rn) Rm — (disp x 4 + Rn) 0001nnnnmmmmdddd 1 —
MOV.B @(disp,Rm),R0  (disp + Rm) — Sign 10000100mmmmdddd 1 —
extension — RO
MOV.W @(disp,Rm),RO (disp x 2 + Rm) — Sign 1000010 1lmmmmdddd 1 —
extension — RO
MOV.L @(disp,Rm),Rn (disp x4 + Rm) — Rn 0101lnnnnmmmmdddd 1 —
MOV.B Rm, @ (RO,Rn) Rm — (RO + Rn) 0000nnnnmmmm0100 1 —
MOV.W Rm, @ (RO,Rn) Rm — (RO + Rn) 0000nnnnmmmm0101 1 —
MOV.L Rm, @ (RO,Rn) Rm — (RO + Rn) 0000nnnnmmmm0110 1 —
MOV.B @ (RO,Rm),Rn (RO + Rm) — Sign extension 0000nnnnmmmm1100 1 —
—Rn
MOV.W @ (RO,Rm),Rn (RO + Rm) — Sign extension 0000nnnnmmmm1101 1 —
—Rn
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Table 4.3 Data Transfer Instructions (cont)

Instruction Operation Code Cycles T
Bit

MOV.L Q(RO,Rm),Rn (RO + Rm) —Rn 0000nnnnmmmm1110 1 —

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

MOV.W RO, @(disp,GBR) RO — (dispx2+ GBR) 11000001dddddddd 1 —

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

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

MOV.W @(disp,GRR),R0 (disp x 2+ GBR) — Sign 11000101dddddddd 1 —
extension — RO

MOV.L @(disp,GBR),R0O (disp x4 + GBR) - RO 11000110dddddddd 1 —

MOVA @ (disp,PC),RO disp x4 + PC > RO 11000111dddddddd 1 —

MOVT Rn T—Rn 0000nnnn00101001 1 —

PREF @Rn (Rn) — cache 0000nnnn10000011 1 —

SWAP.B Rm,Rn Rm — Swap the bottom two 0110nnnnmmmm1 000 1 —
bytes - REG

SWAP.W Rm,Rn Rm — Swap two consecutive 0110nnnnmmmml1001 2 —
words — Rn

XTRCT Rm,Rn Rm: Middle 32 bits of Rn > Rn 0010nnnnmmmm1101 1 —
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Table 4.4 Arithmetic Instructions

Instruction Operation Code Cycles T Bit
ADD Rm, Rn Rn + Rm —=Rn 0011nnnnmmmml 100 1 —
ADD #imm, Rn Rn +imm — Rn 0lllnnnniiiiiiii 1 —_
ADDC  Rm,Rn Rn+Rm+T—Rn, 0011lnnnnmmmml110 1 Carry
Carry »T
ADDV  Rm,Rn Rn + Bm — Rn, 001 1nnnnmmmml 111 1 Overflow
Overflow — T
CMP/EQ #imm, RO FRO=imm, 1T 100010004iiiidiii 1 Comparison
result
CMP/EQ Rm,Rn fFRn=Rm,1 >T 001 1lnnnnmmmm0000 1 Comparison
result
CMP/HS Rm,Rn If Rn > Rm with unsigned 001 1nnnnmmmm0010 1 Comparison
data, 1 > T result
CMP/GE Rm,Rn If Rn = Rm with signed 001 1lnnnnmmmm0011l 1 Comparison
data, 1 > T result
CMP/HI Rm,Rn If Rn > Rm with unsigned 001 1nnnnmmmm0110 1 Comparison
data, 1 > T result
CMP/GT Rm,Rn If Rn > Rm with signed 001lnnnnmmmm0111 1 Comparison
data, 1 > T result
CMP/PZ Rn fFRn>0,1->T 0100nnnn00010001 1 Comparison
result
CMP/PL Rn fRNn>0,1->T 0100nnnn00010101 1 Comparison
result
CMP/STRRm,Rn If Rn and Rm have an 001 0nnnnmmmm1 100 1 Comparison
equivalentbyte, 1 —» T result
DIVl Rm, Rn Single-step division 001 1nnnnmmmm0100 1 Calculation
(Rn/Rm) result
DIVOS Rm,Rn MSB of Rn — Q, MSB 001 0nnnnmmmmO01 11 1 Calculation
of Rm—->M,M*Q—>T result
DIVOU 0 - MQ/T 0000000000011001 1 0
DMULS . LRm, Rn Signed operation of 001lnnnommmm1101  2-5* —
Rn x Rm — MACH,
MACL 32 x 32 — 64 bits
DMULU. LRm, Rn Unsigned operation of 0011lnnnnmmmm0101  2-5*1 —
Rn x Rm — MACH,
MACL 32 x 32 — 64 bits
DT Rn Rn—1—Rn,ifRn =0, 0100nnnn00010000 1 Comparison
1->T,else0>T result
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Table 4.4 Arithmetic Instructions (cont)

Instruction Operation Code Cycles T Bit

EXTS.B Rm,Rn A byte in Rm is sign- 0110nnnnmmmm1110 1 —
extended — Rn

EXTS.W Rm,Rn A word in Rm is sign- 0110nnnnmmmm1111 1 —
extended — Rn

EXTU.B Rm,Rn A byte in Rm is zero- 0110nnnnmmmm1100 1 —
extended — Rn

EXTU.W Rm,Rn A word in Rm is zero- 0110nnnnmmmml1101 1 —
extended — Rn

MAC.L @Rmt, Signed operation of (Rn)  0000nnnnmmmm1111  2-5*" —

@Rnt x (Rm) + MAC — MAC

MAC.W @Rmt, Signed operation of (Rn)  0100nnnnmmmm1111  2-5*7 —

@Rn+ x (Rm) + MAC —» MAC
16 x 16 + 64 — 64 bits

MUL.L Rm,Rn RnxRm — MACL 0000nnnnmmmm0111 2-5*1 —
32 x 32 — 32 bits

MULS.W Rm,Rn Signed operation of 0010nnnnmmmm1111  1-3*2 —
Rnx Rm — MAC
16 x 16 — 32 bits

MULU.W Rm,Rn Unsigned operation of 001 0nnnnmmmm1 110 1-3*2 —
Rnx Rm — MAC
16 x 16 — 32 bits

NEG Rm, Rn 0-Rm — Rn 011 0nnnnmmmm1 011 1 —

NEGC Rm, Rn 0-Rm-T — Rn, 011 0nnnnmmmm1 010 1 Borrow
Borrow — T

SUB Rm, Rn Rn—-Rm — Rn 001 1nnnnmmmm1 000 1 —

SUBC Rm, Rn Rn—Rm-T — Rn, 001 lnnnnmmmm1 010 1 Borrow
Borrow — T

SUBV  Rm,Rn Rn—-Rm — Rn, 001 1nnnnmmmml 011 1 Underflow

Underflow — T

Notes: 1. The normal minimum number of execution cycles is 2, but 5 cycles are required when
the results of an operation are read from the MAC register immediately after the

instruction.
The normal minimum number of execution cycles is 1, but 3 cycles are required when

the results of an operation are read from the MAC register immediately after a MUL

instruction.
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Table 4.5 Logic Operation Instructions

Instruction Operation Code Cycles T Bit

AND Rm, Rn Rn & Rm — Rn 0010nnnnmmmm1 001 1 —

AND #inmm, RO RO & imm — R0 11001001iiidiiidii 1 —

AND.B  #imm, @ (RO, GBR) (RO + GBR) & imm — 11001101iiidiidii 3 —
(RO + GBR)

NOT Rm, Rn ~Bm — Rn 0110nnnnmmmm0111 1 —

OR Rm, Rn Rn|Rm —Rn 0010nnnnmmmml 011 1 —

OR #imm, RO RO | imm — RO 110010114iiididiidii 1 —

OR.B #imm, @ (RO, GBRR) (RO + GBR) | imm — 1100111144idi4444i4 3 —
(RO + GBR)

TAS.B G@Rn If(Rn)is0,1—>T; 0100nnnn00011011 4 Test
1 — MSB of (Rn) result

TST Rm, Rn Rn & Rm; if the result is 0, 1 0010nnnnmmmm1 000 1 Test
—->T result

TST #imm, RO RO & imm; if the resultis 0, 11001000iiiiiiii 1 Test
15T result

TST.B  #imm, @ (RO, GBR) (RO + GBR) & imm; if the 110011004iiiidiiii 3 Test
resultis0,1 —T result

XOR Rm, Rn Rn2*Rm — Rn 0010nnnnmmmm1 010 1 —

XOR #imm, RO RO A imm — R0 110010104iiiidiiii 1 —

XOR.B  #imm, @ (RO, GBR) (R0+GBR) Almm — 11001110iiidiidii 3 —
(RO + GBR)
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Table 4.6

Shift Instructions

Instruction Operation Code Cycles T Bit
ROTL Rn T« Rn <« MSB 0100nnnn00000100 1 MSB
ROTR Rn LSB—-Rn—>T 0100nnnn00000101 1 LSB
ROICL Rn T« Rn«T 0100nnnn00100100 1 MSB
ROICR Rn T—>Rn->T 0100nnnn00100101 1 LSB
SHAL Rn T+ Rn«0 0100nnnn00100000 1 MSB
SHAR Rn MSB—Rn—T 0100nnnn00100001 1 LSB
SHLL Rn T<Rn«o0 0100nnnn00000000 1 MSB
SHIR Rn 0->Rn->T 0100nnnn00000001 1 LSB
SHLLZ 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 —
SHAD Rm, Rn Rn>0; Rn << Rm —Rn 0100nnnnmmmm1100 1 —
Rn <0; Rn>> Rm — (MSB—) Rn
SHLD Rm, Rn Rn>0; Rn << Rm — Rn 0100nnnnmmmm1101 1 —
Rn < 0; Rn>> Rm — (0—)Rn
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Table 4.7 Branch Instructions

Instruction Operation Code Cycles T Bit

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

BF/S label Delayed branch, if T = 0, dispx 2 10001111dddddddd ~ 2/1*
+PC - PG;if T =1, nop

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

BT/S label Delayed branch, 10001101dddddddd  2/1* —
if T =1, dispx2+PC — PG;
if T=0, nop

BRA label Delayed branch, dispx 2 + PC — 1010dddddddddddd 2 —
PC

BRAF Rn Rn + PC — PC 0000nnnn00100011 2 —

BSR label Delayed branch, PC — PR, 1011dddddddddddd 2 —
dispx2 +PC—->PC

BSRF Rn PC —PR,Rn + PC—»PC 0000nnnn00000011 —

JMP @Rn Delayed branch, Rn — PC 0100nnnn00101011 —

JSR @Rn Delayed branch, PC — PR, 0100nnnn00001011 —
Rn —PC

RTS Delayed branch, PR - PC 0000000000001011 2 —

Note: * One state when it does not branch.
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Table 4.8 System Control Instructions

Instruction Operation Code Cycles T Bit
CLRMAC 0 — MACH, MACL 0000000000101000 1 —
CLRS 0-S 0000000001001000 1 —
CLRT 0T 0000000000001000 1 0
1DC Rm, SR Rm — SR 0100mmmm00001110 5 LSB
1IDC Rm, GBR Rm — GBR 0100mmmm00011110 3 —
IDC Rm, VBR Rm — VBR 0100mmrmm00101110 3 —
IDC Rm, SSR Rm — SSR 0100mmrmm00111110 3 —
1DC Rm, SPC Rm — SPC 0100mmmm01001110 3 —
1DC Rm, RO_BANK Rm — RO_BANK 0100mmmm10001110 3 —
1DC Rm, R1_BANK Rm — R1_BANK 0100mmmm10011110 3 —
LDC Rm, R2_BANK Rm — R2_BANK 0100mmmm10101110 3 —
LDC Rm, R3_BANK Rm — R3 BANK 0100mmmm10111110 3 —
1DC R, R4_BANK Rm — R4 BANK 0100mmmm11001110 3 —
LDC Rm, R5_BANK Rm — R5 BANK 0100mmmm11011110 3 —
LDC Rm, R6_BANK Rm — R6_BANK 0100mmmm11101110 3 —
1DC Rm, R7_BANK Rm — R7_BANK 0100mmmm11111110 3 —
LDC.L @Rmt+, SR (Rm) ->SR, Rm+4 —-Rm 0100mmmm00000111 7 LSB
LDC.L @Rm+, GBR (Rm) - GBR,Rm+4 —»Rm 0100mmmm00010111 5 —
LDC.L @Rm+, VBR (Rm) —» VBR, Rm + 4 - Rm 0100mmmm00100111 5 —
LDC.L @Rmt, SSR (Rm) —» SSR, Rm + 4 - Rm 0100mmmm00110111 5 —
LDC.L @Rmt, SPC (Rm) —» SPC, Rm + 4 - Rm 0100mmmm01000111 5 —
LDC.L @Rmt+,RO_BANK (Rm)— RO_BANK, 0100mmmm10000111 5 —
Rm+4 —>BEm
LDC.L @Rm+,R1_BANK (Rm)— R1_BANK, 0100mmmm10010111 5 —
Rm+4 —Rm
LDC.L @Rmt+,R2_BANK (Rm)— R2_BANK, 0100mmmm10100111 5 —
Rm+4 —>BHm
LDC.L @Rm+,R3_BANK (Rm)— R3_BANK, 0100mmmm10110111 5 —
Rm+4 —>Bm
LDC.L @Rmt+,R4_BANK (Rm)— R4_BANK, 0100mmmm11000111 5 —
Rm+4 —>Bm
LDC.L @Rm+,R5_BANK (Rm)— R5 BANK, 0100mmmm11010111 5 —
Rm+4 —-BRm
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Table 4.8 System Control Instructions (cont)

Instruction Operation Code Cycles T Bit
IDC.L QRm+,R6_BANK (Rm)— R6_BANK, 0100mmmm11100111 5 —
Rm +4 —-Rm
LDC.L QRm+,R7_BANK (Rm)— R7_BANK, 0100mmmm11110111 5 —
Rm +4 —>Rm
DS Rm, MACH Rm — MACH 0100mmmmO0001010 1 —
DS Rm, MACL Rm — MACL 0100mmmm00011010 1 —
1DS Rm, PR Rm — PR 0100mmmm00101010 1 —
LDS.L  @Rm+,MACH (Rm) > MACH,Rm +4 ->Rm 0100mmrm00000110 1 —
LDS.L  @Rm+,MACL (Rm) >MACL,Rm+4 —->Rm 0100mmrm00010110 1 —
LDS.L @Rm+,PR (Rm) - PR, Rm +4 —Rm 0100mmmm00100110 1 —
NOP No operation 0000000000001001 1 —
RTE Delayed branch, 0000000000101011 4 —
SSR/SPC — SR/PC
SETS 1-S 0000000001011000 1 —
SETT 1T 0000000000011000 1 1
SLEEP Sleep 0000000000011011  4* —
STC SR, Rn SR = Rn 0000nnnn00000010 1 —
STC GBR, Rn GBR — Rn 0000nnnn00010010 1 —
STC VBR, Rn VBR — Rn 0000nnnn00100010 1 —
STC SSR, Rn SSR — Rn 0000nnnn00110010 1 —
STC SPC, Rn SPC — Rn 0000nnnn01000010 1 —
STC RO_BANK, Rn RO _BANK— Rn 0000nnnn10000010 1 —
STC R1_BANK, Rn R1_BANK— Rn 0000nnnn10010010 1 —
STC R2_BANK, Rn R2 BANK— Rn 0000nnnnl10100010 1 —
STC R3_BANK, Rn R3_BANK— Rn 0000nnnnl0110010 1 —
STC R4_BANK, Rn R4 BANK— Rn 0000nnnnl11000010 1 —
STC R5_BANK, Rn R5 BANK— Rn 0000nnnnl11010010 1 —
STC R6_BANK, Rn R6_BANK— Rn 0000nnnn11100010 1 —
STC R7_BANK, Rn R7_BANK— Rn 0000nnnn11110010 1 —
STC.L SR,@—Rn Rn—4 — Rn, SR — (Rn) 0100nnnn00000011 2 —
STC.L GBR, @-Rn Rn—4 — Rn, GBR — (Rn) 0100nnnn00010011 2 —
STC.L VBR, @-Rn Rn—4 — Rn, VBR — (Rn) 0100nnnn00100011 2 —
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Table 4.8 System Control Instructions (cont)

Instruction Operation Code Cycles T Bit
STC.L SSR,@-Rn Rn—4 — Rn, SSR — (Rn) 0100nnnn00110011 2 —
STC.L SPC,@-Rn Rn—4 — Rn, SPC — (Rn) 0100nnnn01000011 2 —
STC.L RO_BANK,@-Rn Rn—4 — Rn, RO_BANK — (Rn) 0100nnnnl10000011 2 —
STC.L R1_BANK,@-Rn Rn—4 — Rn, R1_BANK— (Rn) 0100nnnn10010011 2 —
STC.L R2_BANK,@-Rn Rn—-4 — Rn, R2 BANK— (Rn) 0100nnnnl10100011 2 —
STC.L R3_BANK,@-Rn Rn—4 — Rn, R3_BANK — (Rn) 0100nnnnl10110011 2 —
STC.L R4_BANK,@-Rn Rn—4 — Rn, R4 BANK — (Rn) 0100nnnnl11000011 2 —
STC.L R5_BANK,@-Rn Rn—4 — Rn, R5 BANK — (Rn) 0100nnnn11010011 2 —
STC.L R6_BANK,@-Rn Rn—4 — Rn, R6_BANK — (Rn) 0100nnnnl11100011 2 —
STC.L R7_BANK,@-Rn Rn—4 — Rn, R7_BANK — (Rn) 0100nnnnl11110011 2 —
STS MACH, Rn MACH — Rn 0000nnnn00001010 1 —
STS MACL, Rn MACL — Rn 0000nnnn00011010 1 —
STS PR, Rn PR —Rn 0000nnnn00101010 1 —
STS.L MACH, @—Rn Rn—4 — Rn, MACH — (Rn) 0100nnnn00000010 1 —
STS.L MACL, @—Rn Rn—4 — Rn, MACL — (Rn) 0100nnnn00010010 1 —
STS.L PR, R—Rn Rn—4 — Rn, PR — (Rn) 0100nnnn00100010 1 —
TRAPA  #imm PC/SR — SPC/SSR, 11000011iiiiiiii 8 —
#mm<<2 > TRA
VBR + H0100 - PC
LDTIB PTEH/PTEL — TLB 0000000000111000 1 —

Note: *The number of execution states before the chip enters the sleep state.

This table lists the minimum execution cycles. In practice, the number of execution cycles
increases when the instruction fetch is in contention with data access or when the
destination register of a load instruction (memory — register) is the same as the register
used by the next instruction.
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4.3 Instructions for DSP Extension

4.3.1 Introduction
New instructions provided are classified in the following 3 groups:

1. Additional system control instructions for CPU unit
2. Single- or double-data transfer between memory and registers in the DSP unit
3. Parallel operation for the DSP unit

1 1s provided to support loop control and data transfer between CPU core registers, or memory, and
new control registers added to the CPU core. Digital signal processing operations have some levels
of nested loop structure. In case of one-level loop, it’s good enough to use the ‘decrement and test’,
‘DTRn’, and conditional delayed branch, ‘BF/S’, instructions supported by the SH3. For the nested
loop, however, zero overhead 1loop control capability improves DSP performance.

The CPU core provides some new control registers, RS, RE and MOD, 1o support loop control
and modulo addressing functions. Data transfer instructions between these new control registers and
the general registers, or memory, are supported. Moreover, address calculation instructions LDRS
and LDRE are added in order 10 save code size for initial setting of the zero overhead loop control.

The DSP engine provides an independent control register, DSR, and this register is treated as a
system register, like MACL and MACH. The A0, X0, X1, YO and Y1 registers are also treated as
a system register from the CPU side and LDS/STS instructions are supported for the same
purpose. Table 4.13 shows the instruction code maps of the new system control instructions for
the CPU core.

2 18 provided to save program code size of the DSP operations. Data transfer operation without data
processing are executed frequently in the DSP engine. In this case, the 32-bit instruction code is
redundant and wastes program memory area. All instructions in this class are 16-bit code length, as
are the conventional SH-core instructions. Single-data transfer instructions have more-flexible
operands than either double-data transfer instructions or the parallel instruction class. Tables 4.9
and 4.10 of section 4.1.3 show the instruction code map of data-transfer instructions for the DSP
engine. See section 4.3 for details.
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Table 4.9 DSP 16-bit Instruction Code Map for Double-data Transfer

Class

Mnemonic

151413121110 9 8 7 6

4

X side

NOPX

1

1

1 1 0 O

0

0

O N

MOVX.W @Ax,Dx
MOVX.W @Ax+,Dx
MOVX.W @Ax+Ix,Dx

Ax

Dx

5
0
0

- =4 O | 0Ol Ww

o =

MOVX.W Da,@Ax
MOVX.W Da,@Ax+
MOVX.W Da,@Ax+Ix

Da

a4 a o

Y side

NOPY

MOVY.W @Ay,Dy
MOVY.W @Ay+,Dy
MOVY.W @Ay+ly,Dy

Ay

Dy

a a4 oo

MOVY.W Da,@Ay
MOVY.W Da,@Ay+
MOVY.W Da,@Ay-+ly

Da

- O

Ax:0=R4,1=R5
Ay:0=R6,1=R7
Dx:0=X0,1 =X1
Dy:0=Y0,1=Y1
Da:0=A0,1 = A1
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Table 4.10DSP 16-bit Instruction Code Map for Single-data Transfer

Class Mnemonic 1514131211109 8 7 6 5 4 3 2 1
Single MOVS.W @-As,Ds 11 1 1 0 A1 As Ds 0:(*) 0 0 O
data MOVS.W @As,Ds 0:R4 1:(%) o 1
transfer MOVS.W @As+,Ds 1:R5 2:(*) 1 0

MOVS.W @As+Ix,Ds 2:R2 3:(*) 11
MOVS.W Ds,@-As 3:R3 4:(%) 0 0 1
MOVS.W Ds,@As 5:A1 0o 1
MOVS.W Ds,@As+ 6:(*) 1 0
MOVS.W Ds,@As+Ix 7:A0 1 1
MOVS.L @-As,Ds 8:X0 0 0 1 O
MOVS.L @As,Ds 9:X1 0o 1
MOVS.L @As+,Ds AYO 1 0
MOVS.L @As+Ix,Ds B:Y1 11
MOVS.L Ds,@-As C:MO 0 0 1
MOVS.L Ds,@As D:A1G 0o 1
MOVS.L Ds,@As+ E:M1 1 0
MOVS.L Ds,@As+Ix F:A0G 1 1

(*) System reserved area.

3 is provided to accelerate the digital signal processing operation using the DSP engine. This class
of instructions consists of a 32-bit instruction code length, so that it’s possible to execute a
maximum four instructions, ALU, multiply and two data transfer instructions, in parallel.

This class of instructions consists of two operation ficlds, A and B, as shown in figure 4.1. The A
field specifies data transfer operations, and the B field specifies single or dual data processing
operations. These two operations are executed independently, in parallel, so that instructions can
also be specified independently. Tables 4.11 and 4.12 of section 4.1.3 show the instruction code
map of parallel operation instructions for DSP engine. See section 4.3.4 for details.

31 26 25 16 15 0

111110

Figure 4.1  Separation of Operation Field
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DSP 32-bit Instruction Code Map for A Ficld of Parallel

Table 4.11

Operation

IV=1‘0v=0Eq
IA=L0A=04a
IX=1°0X=0 xa
/H=1'94=0 Ay
GH=1%H=0 XV

Ai+Ay® 8@ M AAOWN
+Ay® e M"AAOW
Ay® 'BQ M ANOW

Aa ‘A+hiv@® mANOW
AQ ‘“+Ay® M ANOIN lojsues
£Q ‘AY® M ANOIN EEp JO
AdON apis A

XI+X¥® BQ M'XAON
+X¥® BQ M'XAON
Xy® ‘BQ MXAOW
XQ XI+X¢@ M XAON

xQ “+XY@ MXAOW Je|suen
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97

HITACHI



DSP 32-bit Instruction Code Map for B Ficld of Parallel

Operation

Table 4.12

‘eale poaIosal WaISAS (L)

fvm“_ h ”

HAS

(e)a b o

oD L L0 O Aoueoep

LAE Lol zQ ‘AS ONHd

OAY 0 I zq 'AS savd

kX6 Lo zQ XS ANdd

0xX:8 0 Llo o zQ 'xS savd

ov:L I Aouedep

Arnv”.w 0 1 Koueoep

?@ww [R] Aoueoep

(L) L 0|0 O AS XS dNDd

(k)2 Lol zq ‘AS *xs Daavd

(b)) 0 I zq ‘As 'xs DANSd

(=)0 L0 uojjesedo
zQg 0 00 0|0 O foueoep, | pueiedo ¢

ba ‘is ‘es SN
ng ‘AS XS aavd

ba ‘is ‘es SN
ng ‘AS XS @NSd

WE | WE | HNE| IV:E | IVE | IVE
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DSP 32-bit Instruction Code Map for B Ficld of Parallel

Table 4.12

Operation (cont)

Aoueoep

foueoep (24)

TOVIN 20 SaTd [0 4]

HOVW 2 SaTd [0 4]

20 "JOVIN S1Sd [90 1]

zQ ‘HOVIN SLSd [00 4]

Aoueoep

Lo 2Q ‘AS AdODd [0 4]

01 zQ ‘AS B3N [00 4]

[ zQ XS AdOOd [0 41]

00 2Q ‘XS HIN [0 4]

Lo zq ‘AS aSINad [0 4]

01 Aoueoep

[ z@ ‘xS 9aSINdd [00 1]

00 2Q 4710d [oo 4]

Lo zQ *AS ONId [0 4]

01 zq ‘As 03ad [00 4]

[ zQ ‘XS ONId [09 4]

00 zQ xS O3dd [20 4]

[ zQ ‘AS XS HOd [0 }]

: 0 | 2 ‘AS ‘xS HOXd [924]

b7 | e | 1VE | puone Lo 20 "AS 'S ANvd [99 4]

()€ onz | ovg |voun| b 010 0 _— Aoueoen
(2| | ey | O bl 2 °'As'xs davd [0 4] |  uonpuos
(L)1 i . 01 z(q ‘AS XS 9NSd [0 4] yum
(1o | OAO| OXO o 2GRS %S VHSA 19911 |  uonessdo
zQ AS | *S | ooy lo 0|0 O O L L L L | 23°AS XS HSd [0 4] ST
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4.3.2 Additional System Control Instruction for CPU

This class of new instructions is treated as part of the CPU core functions, so that all instructions
added here are 16-bit code length. All additional instructions belong to the group of system control
instructions. Table 4.13 shows the abstract of additional system instructions. The CPU core is
provided with some new control registers, RS, RE and MOD, to support loop control and modulo
addressing function. So, LDC and STC types of instructions are provided.

The DSR, A0, X0, X1, YO and Y1 registers in the DSP engine are treated as a system register like
MACH and MACL. So, STS and LDS instructions are supported for them. Digital signal
processing operations have some levels of nested loop structure. So, zero overhead loop control
capability improves DSP performance. The SETRC type instructions are provided to set the repeat
count to RC, which is located in SR[27:16]. When the immediate operand type of SETRC is
executed, eight bits of the immediate operand data is set to SR[23:16] and zeros are set to the rest
of bits, SR[27:24]. When the register operand type of SETRC instruction is executed, Rn[11:0] is
set to SR[27:16]. The start address and end address of repeat loop are set to the RS and the RE
registers. There are two methods for the address setting. One is to use LDC type instructions and
the other is to use LDRS and LDRE instructions. See 4.2.2 for details.
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Table 4.13Additional System Control Instructions for CPU

Instruction Operation Code Cycles T Bit
SETRC  #imm #mm — RC (of SR) 10000010iiiiiiii 3 —
SEIRC Rn Rn[11:0] — RC (of SR) 0100nnnn00010100 3 —
LDRS  @(disp,PC) (disp x2 + PC) - RS 10001100dddddddd 3 —
LDRE @ (disp,PC) (disp x2 + PC) > RS 10001110dddddddd 3 —
STC MCD, Rn MOD — Rn 0000nnnn01010010 1 —
STC RS, Rn RS — Rn 0000nnnn01100010 1 —
STC RE, Rn RE — Rn 0000nnnNn01110010 1 —
STS DSR, Rn DSR — Rn 0000nnnn01101010 1 —
STS A0,Rn A0 - Rn 0000nnnn01111010 1 —
STS X0,Rn X0 — Rn 0000nnnn10001010 1 —
STS X1,Rn X1 —>Rn 0000nnnnl10011010 1 —
STS Y0, Rn YO0 — Rn 0000nnnnl10101010 1 —
STS Y1l,Rn Y1 —Rn 0000nnnnl10111010 1 —
STS.L DSR,@-Rn Rn -4 — Rn, DSR — (Rn) 0100nnnn01100010 1 —
STS.L AO0,@Rn Rn -4 — Rn, A0 — (Rn) 0100nnnn01110010 1 —
STS.L X0, R—Rn Rn -4 — Rn, X0 — (Rn) 0100nnnn10000010 1 —
STS.L X1,@-Rn Rn -4 — Rn, X1 - (Rn) 0100nnnn10010010 1 —
STS.L YO, @Rn Rn -4 — Rn, YO — (Rn) 0100nnnn10100010 1 —
STS.L Y1,@-Rn Rn-4 —Rn, Y1 — (Rn) 0100nnnn10110010 1 —
STC.L MOD,@-Rn Rn -4 — Rn, MOD — (Rn) 0100nnnn01010011 2 —
STC.L RS, @Rn Rn -4 — Rn, RS — (Rn) 0100nnnn01100011 2 —
STC.L RE,@Rn Rn -4 — Rn, RE — (Rn) 0100nnnn01110011 2 —
LDS.L @Rn+,DSR (Rn) - DSR, Rn +4 — Rn 0100nnnn01100110 1 —
LDS.L @Rn+, A0 (Rn) -» A0, Rn +4 - Rn 0100nnnn01110110 1 —
LDS.L @Rn+, X0 (Rn) - X0, Rn +4 —Rn 0100nnnnl10000110 1 —
LDS.L @Rn+,X1 (Rn)—> X1,Rh+4 > Rn 0100nnnnl10010110 1 —
IDS.L @Rn+, Y0 (Rn) > YO, Rn+4 —Rn 0100nnnnl10100110 1 —
IDS.L @Rn+,Y1 (Rn) > Y1, Rn+4 - Rn 0100nnnnl10110110 1 —
LDC.L @Rn+,MOD (Rn) > MOD, Rn +4 —Rn 0100nnnn01010111 3 —
LDC.L @Rn+,RS (Rn) > RS, Rn +4 —» Rn 0100nnnn01100111 3 —
ILDC.L @Rn+t,RE (Rn) > RE, Rn +4 — Rn 0100nnnn01110111 3 —
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Table 4.13Additional System Control Instructions for CPU (cont)

Instruction Operation Code Cycles T Bit
DS Rn,DSR Rn — DSR 0100nnnn01101010 1 —
LDS Rn,A0 Rn — AO 0100nnnn01111010 1 —
LDS Rn, X0 Rn — X0 0100nnnn10001010 1 —
LDS Rn, X1 Rn — X1 0100nnnn10011010 1 —
LDS Rn,Y0 Rn — YO 0100nnnn10101010 1 —
LDS Rn,Y1 Rn — Y1 0100nnnn10111010 1 —
LDC Rn,MOD Rn — MOD 0100nnnn01011110 3 —
LDC Rn,RS Rn - RS 0100nnnn01101110 3 —
LDC Rn,RE Rn - RE 0100nnnn01111110 3 —

4.3.3 Single- and Double-Data Transfer for DSP Instructions

This class of new instructions is provided to save program code size of the DSP operation. All
instructions added here arc 16-bit code length. This class of instructions consists of two groups.
One is single-data transfer instruction. The other is double-data transfer instruction. In double-
transfer instructions, operand flexibility is the same as the data-transfer instruction field, A field, of
parallel instruction class, described in section 4.3.4. Conditional load instruction, however, is not
available in these 16-bit instructions. In single transfer, Ax pointers and extra two address pointers
can be available as pointer operand As, but Ay pointers are not available. Tables 4.14 and 4.15
show the instruction table of single- or double-data transfer instructions. The flexibility of each
operand is shown in table 4.16.

In the double-data transfer group, X memory and Y memory can be accessed in parallel. Ax
pointers can be used for X memory access instructions only, and Ay pointers can be used for Y
memory access instructions only. Double-data transfer operation can access on-chip X and Y
memory area only. Single-data transfer operation, using 16-bit instruction code, can access any
memory address space.

The Rn, n = 2-7, is usually used as the Ax, Ay and As pointers, but the pointer name itself can be
changed with the renaming function on the assembler. The following is recommended:

R2:As2, R3:As3, R4:Ax0 (As0), R5:Ax1 (Asl), R6:Ay0, R7:Ayl, R8:Ix, R9:1y

102
HITACHI



Table 4.14

Table of Double-data Transfer Instructions

Instruction Code Operation Cycle DC
X memory  NOPX 1111000*0*0*00** X memory ho access 1 —
No access  yoyx.w @ax,Dx 111100A*D*0*01%*  (AX) - MSWof Dx, 1 —
group 0 — LSW of Dx
MOVX.W @Ax+,Dx 111100A*D*0*10**  (AX) —> MSW of Dx, 1 —
0 - LSW of Dx,
AX + 2 - AX
MOVX.W @Ax+Ix,Dx  111100A*D*0*11**  (Ax) — MSW of Dx, 1 —
0 — LSW of Dx,
AX + Ix — Ax
MOVX.W Da, @Ax 111100a*D*1*01**  MSW of Da — (Ax) 1 —
MOVX.W Da, @Ax+ 111100A*D*1*10**  MSW of Da — (Ax), 1 —
Ax +2 - Ax
MOVX.W Da, @Ax+Ix  111100A*D*1*11**  MSW of Da — (Ax), 1 —
AX + Ix — Ax
Y memory  NOPY 111100*0*0*0**00 Y memory no access 1 —
no access by Aa pointers
group MOVY.W @Ay,Dy 111100*A*D*0**01  (Ay) — MSW of Dy, 1 —
0 — LSW of Dy
MOVY.W QAy+,Dy 111100*A*D*0**10  (Ay) — MSW of Dy, 1 —
0 — LSW of Dy,
Ay + 2 — Ay
MOVY.W QAy+Iy,Dy  111100*A*D*0**11  (Ay) — MSW of Dy, 1 —
0 — LSW of Dy,
Ay + ly — Ay
MOVY.W Da, @Ay 111100*a*D*x1**01  MSW of Da — (Ay) 1 —
MOVY.W Da, QAy+ 111100*A*D*1**x10  MSW of Da — (Ay), 1 —
Ay + 2 > Ay
MOVY.W Da, @Ay+Iy  111100*Aa*D*1**11  MSW of Da — (Ay), 1 —
Ay + ly —» Ay
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Table 4.15Table of Single-data Transfer Instructions

Instruction Code Operation Cycle DC

MOVS.W Q-As,Ds 111101AADDDD0O000  As—2 — As, (As) — 1 —
MSW of Ds, 0 — LSW of Dd

MOVS.W QAs,Ds 111101AADDDDOL100  (As) — MSW of Ds, 1 —
0 — LSW of Ds

MOVS.W QAs+,Ds 111101AADDDD1000  (As) — MSW of Ds, 1 —
0> LSWofDd, As + 2 — As

MOVS.W QAs+Ix,Ds 111101AADDDD1100  (Asc) — MSW of Ds, 1 —

0 > LSWofDd, As + Ix = As

MOVS.W Ds,@-As * 111101AADDDD0001  As—2 — As, MSW of Ds — (As) 1 —
MOVS.W Ds, @As * 111101AADDDD0O101  MSW of Ds — (As) 1 —
MOVS.W Ds,@As+ * 111101AADDDD1001  MSW of Ds — (As), As + 2 > As 1 —
MOVS.W Ds,@As+Ix * 111101AADDDD1101  MSW of Ds — (As), As + Ix — As 1 —
MOVS.L Q-As,Ds 111101AADDDD0010  As-4 — As, (As) — Ds 1 —
MOVS.L QAs,Ds 111101AADDDD0110  (As) — Ds 1 —
MOVS.L QAs+,Ds 111101AADDDD1010  (As) — Ds, As + 4 — As 1 —
MOVS.L QAs+Ix,Ds 111101AADDDD1110  (As) — Ds, As + Ix — As 1 —
MOVS.L Ds,@-As 111101AADDDD0011  As-4 — As, Ds — (As) 1 —
MOVS.L Ds, @As 111101AADDDDO111  Ds — (As) 1 —
MOVS.L Ds, @Ast 111101AADDDD1011  Ds — (As), As + 4 — As 1 —
MOVS.L Ds,@AstIx 111101AADDDD1111  Ds — (As), As + Ix — As 1 —

Note: * When one of the guard-bit register, AOG and A1G, is specified as the source operand Ds,
the data is output on LDB [7:0] and the signed bit is copied to the upper bits [31:8].
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Table 4.160perand Flexibility of Data Transfer Instructions

Register Ax I x Dx Ay ly Dy Da As Ds
SH RO
registers gy
R2 (As2) Yes
R3 (As3) Yes
R4 (Ax0) Yes Yes
R5 (Ax1) Yes Yes
R6 (Ay0) Yes
R7 (Ay1) Yes
R8 (Ix) Yes
R9 (ly) Yes
DSP A0 Yes Yes
registers Al Yes Yes
Mo Yes
M1 Yes
X0 Yes Yes
X1 Yes Yes
YO Yes Yes
Y1 Yes Yes
A0G Yes
A1G Yes
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4.3.4 Parallel Opceration for the DSP Unit

This class of new instructions is provided to accelerate digital signal processing operations using
the DSP engine. This class of instructions has 32-bit code length in order to execute multiple
operations in parallel. The instruction word consists of two instruction fields, A and B, as
described in section 4.3. The A field specifies double-data transfer instructions, and the B field
specifies single- or double-data processing instructions. These two instructions are executed
independently in parallel, so that instructions can also be specified independently. The function of
A field, data-transfer instruction field, is basically the same as the double-data transfer instruction
of the previous section, 4.3.3, but load operation has a special function.

There are three kinds of instruction groups for B field, a double-data processing group, a single-data
processing with condition group, and an unconditional single-data processing group. Each operand
can be selected independently from data registers of the DSP engine. The flexibility of each operand
is shown in the following tables 4.17 and 4.18.

The order of instruction description is B-field instruction first, and then, A-field instruction, from
left side. Figure 4.2 shows some examples of mnemonics of this class.

Table 4.170perand Symbol of Each Group

Group Class Operand Symbol
Field B Double data processing ALUcp. Sx, Sy, Du MLTop. Se, Df, Dg
group
Single data processing AlUcp. Sx, Sy, Dz
with condition group DOT ALUop. Sx, Sy, Dz
DCF ALUop. Sx, Sy, Dz

AlUop. Sx, Dz
DCT ALUcp. Sx, Dz
DCF ALUcp. Sx, Dz
AlUcp. Sy, Dz

DCT AlLUcp. Sy, Dz
DCF ALUcp. Sy, Dz
Unconditional single ALUcp. Sx, Sy, Dz

data processing group ALUcp. Sx, Dz
Y . 5%,

ALUop. Sy, Dz
MLTop. Se, Sf, Dg
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Table 4.180perand Flexibility of Parallel Instructions

ALU, BPU Operations

Multiply Operations

Register Sx Sy Dz Du Se Sf Dg
A0 Yes Yes Yes Yes
A1 Yes Yes Yes Yes Yes Yes
MO Yes Yes Yes
M1 Yes Yes Yes
X0 Yes Yes Yes Yes Yes
X1 Yes Yes Yes
YO0 Yes Yes Yes Yes Yes
Y1 Yes Yes Yes
PADD A0, MO, A0 PMULS X0, Y0, MO MOVX.W @R4+, X0 MCVY.W @R6+, YO [;]
DCF PINC X, Al MOVX.W AO, @R5+R§ MOVY.W @R7+, YO [;]
PCMP X1, MO MOVX.W @R4 [NOPY] [;]

Figure 4.2

Examples of Parallel Instruction Program

Here, [ ] means that this part can be omitted.

No operation instructions, NOPX and NOPY can be omitted. Tables 4.19 to 4.22 shows the
absiract of B (ield of parallel operation instructions. See sections 4.3 and 4.4.3 (or A field of

operations.

The symbol “;’ is used to separate instruction lines, but it can be omitted. When this separator “;’
is used, the space following can be used as a comment area. It has the same function as
conventional SH tools.

Condition code bit (DC) in the DSR register is always updated based upon the result of the ALU
or shift operation, if it is unconditional. If it is conditional instruction, then it does not update the
DC bit. Multiply operation doesn’t affect the DC bit. Update of the DC bit depends on the states
of CSO-2 bits in the DSR register. Table 4.23 shows the definition of the DC-bit update rule.
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Table 4.19Table of B Field of Parallel Operation Instructions (1)

Instruction Code Operation Cycle DC
PMULS Se, Sf, Dg 111110***x*x*xxxxx  Se * Sf — Dg (Signed) 1 —
0100eeff0000gg00
PADD Sx, Sy, Du 111110%****xx*xxx  Sx+Sy >Du Se*Sf>Dg 1 *
PMULS Se, Sf,Dg 011leeffxxyygguu (Signed)
PSUB Sx, Sy, Du 111110*****x**xx*x Sy — Sy — Du Se * Sf — Dg 1 *
PMULS Se, Sf,Dg 0110eef fxxyygguu (Signed)
PADD Sx, Sy,Dz L111110%**AkKkkkk Sx + Sy »Dz 1 *
10110001xxyyzzzz
DCT 111110%**Hkkkxk* IFDC=1,Sx+Sy—Dz 1
PADD Sx,Sy,Dz 1011001 0xxyyzzzz If DC = 0, nop
DCF 111110%**Hkkkxk* IFDC=0,Sx+Sy—Dz 1
PADD Sx, Sy,Dz 1011001 1xxyyzzzz If DC =1, nop
PSUB Sx, Sy,Dz LT11110***kkkkhskk Sx—Sy —Dz 1
10100001xxyyzzzz
DCT 11111 0***Hkokkxk* IFDC=1,Sx-Sy—Dz 1
PSUB Sx, Sy, Dz 1010001 0xxyyzzzz If DC =0, nop
DCF 111110%**Hkkkxk* IfDC=0,Sx-—Sy—Dz 1
PSUB Sx, Sy,Dz 1010001 1xxyyzzzz If DC =1, nop
PSHA Sx, Sy, Dz 111110%**x*kx*x+%  [f Sy >= 0, Sx << Sy — Dz 1
1010001xxyyzzzz (arith. shift)
If Sy <0, Sx >> Sy — Dz
DCT 111110%***x*x%x%  [fDC=18& Sy »=0, 1
PSHA Sx,Sy,Dz 1001001 0xxyyzzzz Sx << 8y — Dz (arith. shift)
IFDC=1&8y<0,
Sx>> Sy —>Dz IfDC =0, nop
DCF 11100 Q***xskkkkxx IfDC=0&Sy>=0, 1
PSHA Sx,Sy,Dz 1001001 1lxxyyzzzz Sx << 8y — Dz (arith. shift)
IFDC=08&Sy<0,
Sx>>8y—»Dz IfDC =1, nop
PSHL Sx, Sy,Dz LT11110***kkkkhskok If Sy >= 0, Sx << Sy —» Dz 1
10000001xxyyzzzz (log. shift)

IfSy<0,Sx>>S8Sy —>Dz

Note: * See table 4.23.
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Table 4.19Table

of B Field of Parallel Operation Instructions (1)

Instruction Code Operation Cycle DC
DCT 111110***x**%xx%  |[fDC =1 & Sy >=0, 1 *
PSHL Sx,Sy,Dz 10000010xxyyzzzz Sx << Sy — Dz (log. shift)
IfDC=1&Sy<0,
Sx >> Sy —»Dz IfDC =0, nop
DCF 111110***x*xxxxx  [fDC=0& Sy >=0, 1 *
PSHL Sx,Sy,Dz 10000011xxyyzzzz Sx << 8y — Dz (log. shift)
If DC=0 & Sy<0, Sx>>Sy — Dz
If DC=1, nop
PCOPY $x,Dz 111110***xkkkhxk Sx —» Dz 1 *
11011001xx00zzzz
PCOPY Sy,Dz 111110***xkkkkxk Sy —» Dz 1 *
1111100100yyzzzz
DCT PCOPY Sx,Dz 111110**kxkkkhxk fDC=1,Sx - Dz 1 *
11011010xx00zzzz It DC=0,n0p
DCT PCOPY Sy,Dz 111110**kxkkkhxk IfDC=1,8y »Dz 1 *
1111101000yyzzzz 1 DC=0,nop
DCF PCOPY Sx,Dz 111110**kxkkkhxk IfDC =0, Sx — Dz 1 *
11011011xx00zzzz (DG =1,M0p
DCF PCOPY Sx,Dz 111110**kxkkkhxk IfDC =0,Sy —» Dz 1 *
1111101100yyzzzz 1 DC=1,n0p
Note: * See table 4.23.
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Table 4.20Table of B Field of Parallel Operation Instructions (2)

Instruction Code Operation Cycle DC
PDMSB Sx, Dz LT11110***Kkkkkkrk Count shift value for 1 *
10011101xx00zzzz  normalizing Sx — Dz
PDMSB Sy, Dz LTL1110***Kkkkkkhk Count shift value for 1 *
1011110100yyzz2z normalizing Sy — Dz
DCT PDMSB Sx,Dz LT11110****kkkhkhk If DC = 1, Gount shift value for 1 *
10011110xx00zzzz  normalizing Sx — Dz
If DC = 0, nop
DCT PDMSB Sy,Dz 111110*****xxxx%  |f DG = 1, Count shift value for 1 *
1011111000yyzzzz  Normalizing Sy — Dz
If DC =0, nop
DCF PDMSB Sx,Dz T11110****kkkkkk If DC = 0, Count shift value for 1 *
10011111xx00zzzz  normalizing Sx — Dz
If DC = 1, nop
DCF PDMSB Sy,Dz LTL1110****xkkkrk If DC = 0, Gount shift value for 1 *
1011111100yyzzzz NOMalizing Sy — Dz
If DC =1, nop
PINC Sx,Dz 111110****x*xxxxx  MSW of Sx + 1 — Dz 1 *
10011001xx00zzzz
PINC Sy,Dz 111110****x*xxxxx  MSW of Sy + 1 — Dz 1 *
1011100100yyzzzz
DCT PINC Sx,Dz L11110***Kkkkkkhk FDC=1, MSWof Sx+1—-Dz 1 *
10011010xx00zzzz  If DC =0, hop
DCT PINC Sy,Dz L11110***Kkkkkkhk fDC=1,MSWofSy+1—->Dz 1 *
1011101000yyzzzz  If DC =0, hop
DCF PINC Sx,Dz L11110***Kkkkkkhk FDC =0, MSWof Sx+1—Dz 1 *
10011011xx00zzzz If DC =1, hop
DCF PINC Sy,Dz L11110***Kkkkkkhk IfDC =0, MSWofSy+1—-Dz 1 *
1011101100yyzzzz If DC =1, hop
PNEG Sx,Dz 111110Q***Hrkhkkk 0-Sx— Dz 1 *
11001001xx00zzzz
PNEG Sy,Dz 111110Q***Hrkhkkk 0-Sy—>Dz 1 *

1110100100yyzzzz

Note: * See table 4.23.
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Table 4.20Table of B Field of Parallel Operation Instructions (2) (cont)

Instruction Code Operation Cycle DC

DCT PNEG Sx,Dz 111110%**kkkkkxx fDC=1,0-Sx =Dz 1 *
11001010xx00zzzz  If DC =0, nop

DCT PNEG Sy,Dz 111110%**kkkkkxx fDC=1,0-Sy »>Dz 1 *
1110101000yyzzzz  If DC =0, nop

DCF PNEG S$x,Dz 111110***xkkkkxx IfDC=0,0-Sx - Dz 1 *
11001011xx00zzzz  If DC =1, nop

DCF PNEG Sy,Dz 111110%**kkkkkxx fDC=0,0—-Sy »>Dz 1 *
1110101100yyzzzz  If DC=1, nop

POR Sx,Sy,Dz 111110 **kkkhkhnk Sx | Sy —» Dz 1 *
10110101xxyyzzzz

DCT 111110***kkkkhkx IfDC=1,Sx|Sy—>Dz 1 *

POR $x, Sy, Dz 10110110xxyyzzzz  If DC =0, nop

DCF 111110***kkkkhkx IfDC=0,Sx|Sy—Dz 1 *

POR $x, Sy, Dz 1011011 1xxyyzzzz  If DC =1, nop

Note: * See table 4.23.

Table 4.21Table of B Field of Parallel Operation Instructions (3)

Instruction Code Operation Cycle DC

PAND Sx,Sy,Dz  111110***x+*x*%x  Sx & Sy — Dz 1 *

10010101xxyyzzzz

DCT PAND Sx,Sy,Dz 111110***x**x+xx+  |fDC =1, Sx & Sy — Dz 1 *
10010110xxyyzzzz  If DC =0, hop

DCF PAND Sx,Sy,Dz 111110***x**x+xx+  |f DC =0, Sx & Sy — Dz 1 *
10010111xxyyzzzz If DC =1, hop

PXOR $x,Sy,Dz 111110*#****x+%xx  Sx A Sy — Dz 1 *

10100101xxyyzzzz

DCT PXOR S¥,Sy,Dz  111110***xx+xxx*x%x  |fDC =1,8x " Sy —» Dz 1 *
10100110xxyyzzzz  If DC =0, hop

DCF PXOR S¥,Sy,Dz  111110***xx*xxxx%x  |fDC =1,8x " Sy —» Dz 1 *
10100111xxyyzzzz  If DC =0, hop
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Table 4.21Table of B Field of Parallel Operation Instructions (3)

Instruction Code Operation Cycle DC
PDEC Sx,Dz 11111 0****kkxkxk Sy [39:16] -1 — Dz 1 *
10001001xx00zzzz
PDEC Sy,Dz 111110****kxxxx+ Sy [31:16] -1 — Dz 1 *
1010100100yyzzzz
DCT PDEC Sx,Dz 111110****x*xxx+x  [fDC =1, Sx[39:16]— 1 —>Dz 1 *

10001010xx00zzzz  If DC=0, nop

DCT PDEC Sy,Dz 111110%****x*xx*x  |f DC =1, Sy [31:16]-1 —>Dz 1
1010101000yyzzzz  If DC =0, nop

DCF PDEC Sx,Dz 111110%****xkxx*  |f DC =0, Sx [39:16]-1 —>Dz 1
10001011xx00zzzz IfDC =1, nop

DCF PDEC Sy,Dz 111110%****x*xx*x  |f DC =0, Sy [31:16]-1—>Dz 1
1010101100yyzzzz  If DC =1, nop

PCIR Dz L11110%** Kk kkkokk h'00000000 — Dz 1 *
100011010000zzzz
DCT PCLR Dz TLTLLO KKK Kkokokokkkok If DC = 1, h'00000000 — Dz 1 *

100011100000zzzz If DC =0, nop

DCF PCLR Dz LLTLL0K*HKkokokkkhok If DC = 0, h'00000000 — Dz 1
100011110000zzzz I DC =1, nop

PSHA #Imm,Dz 111110%***xkxx*x | Imm >= 0, Dz << Imm — 1 *
00010iiiiiiizzzz (arith. shiff)
If Imm < 0, Dz >> Imm — Dz
PSHL #Imm,Dz L1111 0K*H*HRAkKkkkhKk flmm>=0,Dz<<Imm—-Dz 1 *
00000iiiiiiizzzz (0Qical shift

IfImm <0, Dz >> Imm — Dz

Note: * See table 4.23.
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Table 4.22Table of B Field of Parallel Operation Instructions (4)

Instruction Code Operation Cycle DC
PSTS MACH, Dz 111110%* KKKk kkskk MACH — Dz 1 —
110011010000zzzz
DCT PSTS MACH,Dz 111110%* KKKk kkskk If DG =1, MACH — Dz 1 —
110011100000zzzz
DCF PSTS MACH, Dz 111110**Kkkkkkskk If DG =0, MACH — Dz 1 —
110011110000zzzz
PSTS MACL,Dz 111110%* KKKk kkskk MACL — Dz 1 —
110111010000zzzz
DCT PSTS MACL,Dz 111110%* KKKk kkskk IfDC =1, MACL —» Dz 1 —
110111100000zzzz
DCF PSTS MACL,Dz 111110%* KKKk kkskk If DC =0, MACL — Dz 1 —
110111110000zzzz
PLDS Dz, MACH 111110%* KKKk kkskk Dz — MACH 1 —
111011010000zzzz
DCT PLDS Dz,MACH 11111 0** Kk koK kkskk IfDC =1, Dz —- MACH 1 —
111011100000zzzz
DCF PLDS Dz,MACH 111110%* Kk kokkkskk If DC =0, Dz - MACH 1 —
111011110000zzzz
PLDS Dz, MACL 111110%* KKKk kkskk Dz — MACL 1 —
111111010000zzzz
DCT PLDS Dz,MACL 11111 0** Kk koK kkskk IfDC =1, Dz - MACL 1 —
111111100000zzzz
DCF PLDS Dz,MACL 11111 0** Kk koK kkskk If DC =0, Dz - MACL 1 —
111111110000zzzz
PADDC Sx, Sy, Dz TT11LLOK* K kokkkokskok Sx +Sy+DC —» Dz 1 Carry
10110000xxyyzzzz  Carry — DC
PSURC Sx, Sy,Dz TT11LLOK* K kokkkokskok Sx-Sy-DC—Dz 1 Borrow
10100000xxyyzZZZZ Borrow — DC
PCMP Sx, Sy 111110*****x*x%  Sx — Sy — Update DC* 1 *
10000100xxyy0000
Note: * See table 4.23.
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Table 4.22Table

of B Field of Parallel Operation Instructions (4)

Instruction Code Operation Cycle DC

PABS Sx,Dz 111110 **xKkKhkhk IfSx<0,0-Sx — Dz 1 *
10001000xx00zzzz  If Sx >=0, nop

PABS Sy,Dz 111110 **xKkKhkhk IfSy<0,0-Sy > Dz 1 *
1010100000yyzzzz  If Sx>=0, nop

PRND Sx,Dz 111110******xxx+ Sy 4+ h'00008000 — Dz 1 *
10011000xx00zzzz  LSW of Dz — h'0000

PRND Sy, Dz 111110******xxx+ Sy 4 h'00008000 — Dz 1 *

1011100000yyzzzz

LSW of Dz — h'0000

Note: * See table 4.23.
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Table 4.23Definition of DC-Bit Update Rule

CS [2:0]

2 1 0 Condition Mode Explanation

0 0 O Carryorborrow modeWhen carry or borrow is generated as the result of an ALU
arithmetic operation, DC bit is set. Otherwise cleared.
When a shift operation, PSHA or PSHL, is executed, the last
shifted out bit data is copied into DC bit.
When an ALU logical operation is executed, DC bit is always
cleared.

0 0 1 Negative value When an arithmetic operation of ALU or shift (PSHA) is executed,

mode the MSB of the result, including guard bit part, is copied into DC bit.

When a logical operation of ALU or shift (PSHL) is executed, the
MSB of the result, excluding guard bit part, is copied into DC bit.

0 1 0 Zerovalue mode When the result of ALU or shift operaticon is all zeros, DC bit is set.
Otherwise cleared.

0 1 1 Overflow mode When an arithmetic operation of ALU or shift (PSHA) yields a result
beyond the range of the destination register, except for guard bit
part, DC bit is set.

Otherwise cleared.

When a logical operation of ALU or shift (PSHL) is executed, DC bit
is always cleared.

1 0 0 Signed greater This mode is similar to the signed greater than or equal mode but
than mode DC is cleared when the result is all zeros.
DC = ~ {(Negative * Overflow) | Zerc} ; Arithmetic operation cases
DC=0 ; Logical operation cases
1 0 1 Signed greater In the case that the result of an arithmetic operation of ALU or shift

than or equal mode (PSHA) is not overflow, the definition is opposite of negative value
mode. In the case of overflow result, the definition is the same as
negative value mode.

When a logical operation of ALU or shift (PSHL) is executed, the DC
bit is always cleared.

DC = ~ {(Negative * Overflow) | Zera} ; Arithmetic operation cases
DC=0 ; Logical operation cases

1 1 0 Reserved

1 1 1 Reserved
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Conditional Operation and Data Transfer: Some operations belonging to this class can
execute with condition as described before. However, note that the specified condition is effective
for B field of instruction only, not effective for any data transfer instructions specified in parallel.
Figure 4.3 shows an example.

DCT PADD X0,Y0,A0 MOVX.W @R4+,X0 MOVY.W AO, @R6+RY ;

Condition True Case

Before execution: X0=H©33333333, Y0=H©55555555, A(0=HO©123456789A,
R4=HO00008000, R6=HOG00008233, RS9=HO00000004
(R4)=H©1111l, (R6)=HO2222

After execution: X0=H©11110000, YO=H®©55555555, AQ=HO©00888388888,
R4=HO©00008002, R6=H©®©00008237, RS=H©00000004
(R4)=H©1111, (R6)=HO©3456

Condition False Case

Before execution: X0=H®33333333, Y0=H@55555555, AQ0=HO©123456789A,
R4=H©00008000, R6=HE©00008233, RS=HO00000004
After execution: (R4)=HO1111, (R6)=HO2222
X0=H©11110000, YO0=H©®55555555, AQ0=H©123456789A,
R4=H©00008002, R6=H©00008237, RS=HOO00000004
(R4)=HO1111l, (Rb)=HO34506

Figure 4.3 Example of Data Transfer Instruction with Condition
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Instruction Code Assignment of NOPX and NOPY: There are several cases for
instruction code assignment when a certain operation is unnecessary for this parallel operation.

Table 4.24 shows the instruction code definition of some special cases.

Table 4.24Instruction Code Definition of Special Cases

Instruction Code

PADD X0, YO, A0 MOVX.W QR4+,X0 MOVY.W @R6+R9, Y0 1111100000001011
101100010000011 1
PADD X0, YO, A0 NOPX MOVY.W @R6+R9, YO 111110000000001 1
101100010000011 1
PADD X0, YO, A0 NOPX NOPY 1111100000000000
101100010000011 1

PADD X0, YO, A0 NOPX Same as above

PADD X0, YO0,A0 Same as above
MOVX.W QR4+,X0 MOVY.W @R6+R9, Y0 1111000000001011
MOVX.W @R4+,X0 NOPY 1111000000001000
MOVS.W @R4+,X0 1111010010001000
NOPX MOVY.W @R6+R9, YO 1111000000000011

MOVY .W BR6+R9, Y0 Same as above
NOPX NOPY 1111000000000000
NOP 0000000000001001

HITACHI
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Section 5 Memory Management Unit (MMU)

5.1 Overview

5.1.1 Features

The SH7729 has an on-chip memory management unit (MMU) that implements address
translation. The SH7729 features a resident translation look-aside buffer (TLB) that caches
information for user-created address translation tables located in external memory. It enables high-
speed translation of virtual addresses into physical addresses. Address translation uses the paging
system and supports two page sizes (1 Kbytes and 4 Kbytes). The access right to virtual address
space can be set for privileged and user modes to provide memory protection.

5.1.2 Role of MMU

The MMU is a feature designed to make efficient use of physical memory. As shown in figure 5.1,
if a process is smaller 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 a virtual 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 a time-
sharing system (TSS) in which a number of processes are running simultaneously ((3)). If
processes running in a TSS had to take mapping onto virtual memory into consideration while
running, it would not be possible to increase efficiency. Virtual memory is thus used to reduce 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 is to perform efficient mapping
of these virtual memory areas onto physical memory. It also has a memory protection feature that
prevents onc process from inadvertently accessing another process’s physical memory.

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

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

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

In the following text, the SH7729 address space in virtual memory is referred to as virtual address
space, and address space in physical memory as physical memory space.
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5.1.3 Virtual Address Space

Virtual Address Map: The SH7729 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 5.2.

In the 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 translation 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 translation 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 area is fixed to physical address space (H'00000000 to H'1FFFFFFF). In the
P1 area, setting a virtual address MSBs (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.

Mapping of the P2 area is 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 0 generates the
corresponding physical address. P2 area access cannot be cached.

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

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

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

In the user mode, 2 Gbytes of the virtual address space from H'00000000 to H'7FFFFFFF (arca
U0) can be accessed. UQ is mapped onto physical address space in page units. Write-back or write-
through mode can be selected for write accesses by means of a CCR setting. When SR.DSP is off,
2 Gbytes of the virtual address space from H'80000000 to HFFFFFFFF cannot be accessed in the
user mode. Attempting to do so creates an address error. When the SR.DSP is on, a new 16-MB
address space, Uxy, is defined from address H’ A500 0000 to H’ ASFF FFFF for X/Y RAM. This
Uxy space is non-cached, fixed physical address space. Any access to address space beyond U0 and
Uxy creates an address error. For details of the X/Y RAM space, refer to section 8, X/Y RAM.,
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H'00000000 H'00000000
2-Gbyte virtual space, ] )
cacheable Area PO 2 Gbyt:a::/g;ell)llzpace, Area U0
(write-back/write-through) (write-back/write-through)
H80000000 0.5-Gbyte fixed physical H'80000000
space, cacheable Area P1 Address error
(write-back/write-through)
H'A0000000 0.5-Gbyte fixed Uxy
physical space, Area P2
non-cacheable Exists onl
Address error \(Nh):rs1 S only
H'C0000000 | o 5-Gbyte virtual space, SR.DSP= 1)
cacheable Area P3
(write-back/write-through)
H'’E0000000
0.5-Gbyte control space,
non-cacheable Area P4
H'FFFFFFFF H'FFFFFFFF
Privileged mode User mode
Figure 5.2  Virtual Address Space Mapping
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Physical Address Space: The SH7729 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 Translation: When the MMU is enabled, the virtual address space is divided
into units called pages. Physical addresses are translated in page units. Address translation tables in
external memory hold information such as the physical address that corresponds to the virtual
address and memory protection codes. When an access to areas P1 or P2 occurs, there is no TLB
access and the physical address is defined uniquely by hardware. If it belongs to area PO, P3 or U0,
the TLB is searched by virtual address and, if that virtual address is registered in the TLB, the
access hits the TLB. The corresponding physical address and the page control information are 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 translation table in
external memory is searched and the corresponding physical address and the page control
information are registered in the TLB. After returning from the handler, the instruction that caused
the TLB miss is re-executed. When the MMU is enabled, address translation information that
results in a physical address space of H'80000000-H FFFFFFFF should not be registered in the
TLB.

When the MMU is disabled, the virtual address is used directly as the physical address. As the
SH7729 supports a 29-bit address space as the physical address space, the top 3 bits of the physical
address are ignored, and conslitute 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 0 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 address is specified uniquely. In multiple
virtual memory mode, multiple processes run in parallel sharing the virtual address space, S0 a
given virtal address may be translated into different physical addresses depending on the process.
By the value set to the MMU control register, either single or multiple virtual mode is selected.
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Address Space Identifier (ASID): When multiple processes run in parallel sharing the same
virtual address space and the processes have unique address translation tables, the virtual space can
be multiplexed. When this is done, a given virtual address may be mapped to a different physical
address depending on the process. This means that virtual addresses are expanded by using an
address space identifier (ASID) and virtual addresses can be distinguished by ASID. The ASID is 8
bits in 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 a given virtual address is specified uniquely. For this kind of single virtual
memory, the ASID becomes a key Lo protect memory (see section 5.4.2, MMU Soltware
Management).

5.1.4 Register Configuration

A register that has an undefined initial value must be initialized by software. Table 5.1 shows the
configuration of the MMU control registers.

Table 5.1 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 R/W Longword Undefined HFFFFFFF4

Translation table base TTB R/W Longword Undefined HFFFFFFF8

register

TLB exception address TEA RW Longword Undefined HFFFFFFFC

register

MMU control register MMUCR RW Longword *2 H'FFFFFFEO

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

There are five 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 HFFFFFFF0, which
consists of a virtual pagc numbcer (VPN) and ASID. The VPN sct is the VPN of the virtual
address at which the exception is generated in case of an MMU exception or address error
exception. When the page size is 4 Kbytes, the VPN is the upper 20 bits of the virtual address,
but in this case the upper 22 bits of the virtual address are set. The VPN can also be modified
by software. As the ASID, software sets the number of the currently executing process. The
VPN and ASID are recorded in the TLB by the LDTLB instruction.

2. The page table 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. The translation table base register (TTB) residing at address HFFFFFFF8, which points to the
base address of the current page table. The hardware does not set any value in TTB
automatically. TTB is available to software for general purposes.

4. The TLB exception address register (TEA) residing at address HFFFFFFFC, 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 HFFFFFFEQ, which makes the
MMU settings described in figure 5.3. Any program that modifies MMUCR should reside in
the P1 or P2 area.
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The MMU registers are shown in figure 5.3.

SvV:

RC:

TF:

AT:

31 10 7 0
| VPN ‘ 0 | ASID |
PTEH
31 109876 4 321 0
| PPN |O|V|O|PR‘SZ|C|D|SH‘O|
PTEL
31 0
| TTB |
TTB
31 0

Virtual address causing TLB-related
or address error exception

TEA
31 8 7654321 0

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

. Reserved bits. Always read as 0. Writing is ignored. However, 0 should also be

specified in a write to MMUCR only.

Single virtual memory mode bit. Set to 1 for the single virtual memory mode,
cleared to 0 for the 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 bils 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

1: MMU enabled

Figure 5.3 MMU Register Contents
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5.3 TLB Functions

5.3.1 Configuration of the TLB

The TLB caches address translation table information located in the external memory. The address
translation 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 translation. Figure 5.4 shows the
overall TLB configuration. The TLB is 4-way set associative with 128 entries. There are 32 entries
for each way. Figure 5.5 shows the configuration of virtual addresses and TLB entries.

Way 0-3 Way 0-3
[ I I I [ I I I I I
I I I I I I I I I I

[ I I I | | [ I I I I I | |

Entry 0 [ VPN(31-17) [VPN(11-10)| ASID(7-0) | V | H Entry 0 [PPN(31-10)|PR(1-0)|SZ| C | D |SH[H
Entry 1 _—_ Entry 1 |H ]
Entry 31 _—_ Entry 31 LH

Address array Data array

Figure 5.4  Overall Configuration of the TLB
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31 10 9 0
| VPN | Offset |

Virtual address (1-kbyte page)

31 12 11 0
| VPN | Offset |

Virtual address (4-kbyte page)

(15) @ ® M mm (22) @ mMm

[VPN 31-17)| vPN (11-10)| ASID [sH[szZ] 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

ASID:

SH:

PPN:

PR:

address for a 4-kbyle page. Since VPN bits 16-12 are used as the index number, they are
not stored in the TLB entry.

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.

Share status bit

0 = Page not shared between processes

1 = Page shared between processes

: Page-size bit

0 = 1-kbyte page
1 = 4-kbyte page

. 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.

Physical page number. Top 22 bits of physical address. PPN bits 11-10 are nct used in case
of a 4-kbyte page. Attention must be paid to the synonym problem in case of a 1-kbyte page
(see section 3.4.4).

Set the most significant bit to 0.

Protection key field. 2-bit field encoded to define the access rights to the page.

00: Reading only is possible in privileged mode.

01: Reading/writing is possible in privileged mode.

10: Reading only is possible in privileged/user mode.

11: Reading/writing is possible in privileged/user mode.

: Cacheable bit. Indicates whether the page is cacheable.

0: Non-cacheable
1: Cacheable

: Dirty bit. Indicates whether the page has been written to.

0 = Not written to
1 = Written to

Figure 5.5 YVirtual Address and TLB Structure
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5.3.2 TLB Indcxing

The TLB uses a 4-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 bit in MMUCR.

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

The second method is used to prevent lowered TLB efficiency that results when multiple processes
run simultaneously in the same virtual address space and a specific entry is selected by indexing of
each process. Figures 5.6 and 5.7 show the indexing schemes.

Virtual address PTEH register
31 17 16 1211 0 31 10 7 0
| | VPN | o | asi |
- ASID(4-0)
Exclusive-OR
Index
Way 0-3

0| VPN@1-17) | VPN(11-10)| ASID(7—0) | V ||| PPN(31-10) |PR(1-0)|SZ| C | D |sH

31

Address array Data array

Figure 5.6 TLB Indexing (IX = 1)
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Virtual address
31 1716 1211 0

Index

Way 0-3

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

o

31

Address array Data array

Figure 5.7 TLB Indexing (IX = 0)

5.3.3 TLB Address Comparison

The results of address comparison determine whether a specific virtual page number is registered in
the TLB. The virtual page number of the virtual address that accesses external memory is compared
to the virtual page number of the indexed TLB entry. The ASID within the PTEH is compared to
the ASID of the indexed TLB entry. All four ways are searched simultaneously. If the compared
values match, and the indexed TLB entry is valid (V bit = 1), the hit is registered.

It is necessary to have software ensure that TLB hits do not occur simultaneously in more than one
way, as hardware operation is not guaranteed if this occurs. 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 = HFF when one is in the shared state (SH = 1) and the other in the non-shared
state (SH = (), then if the ASTD in PTEH 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 software.

The object compared varies depending on the page management information (SZ, SH) in the 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 there is 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 5.8.

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

Yes

No (4 kbytes) No (4 kbytes)

Yes (1 kbyte) Yes (1 kbyte)

A4 A4
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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 5.8 Objects of Address Comparison
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5.3.4 Page Management Information

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 results in an initial page write exception. For physical page
swapping between sccondary memory and main memory, for example, pages arc controlled so that

a dirty page is paged out of main memory only after that page is written back to secondary
memory. To record that there has been a write to a given page in the address translation table in
memory, an initial page write exception is used.

The C bit in the entry indicates whether the referenced page resides in a cacheable or non-cacheable
area of memory. When the control register in area 1 is mapped, set the C bit to 0. 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.

Acccss states designated by the D, C, and PR bits arc shown in table 5.2.

Table 5.2 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

HITACHI
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5.4 MMU Functions

5.4.1 MMU Hardware Management

There arc two kinds of MMU hardwarc management as follows:

1.

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

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

determines the MMU exception and whether the cache is to be accessed (using the C bit). For
details of the determination method and the hardware processing, see section 5.5, MMU
Exceptions.

5§.4.2 MMU Software Management

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

1.

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

. TLB entry recording, deletion, and reading. TLB entry recording can be done in two ways by

using the LDTLB instruction, or by writing directly to the memory-mapped TLB. For TLB
entry deletion and reading, the memory allocation TLB can be accessed. See section 5.4.3,
MMU Instruction (LDTLB), for details of the LDTLB instruction, and section 5.6, Memory-
Mapped TLB Configuration, for details of the memory-mapped TLB.

. MMU exception processing. When an MMU exception is generated, it is handled on the basis

of information set [rom the hardware side. See section 5.5, MMU Exceptions, for delails.

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

Recording a 1-kbyte page TLB entry may result in a synonym problem. See section 5.44,
Avoiding Synonym Problems.
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5.4.3 MMU Instruction (LDTLB)

The load TLB instruction (LDTLB) is used to record TLB entries. When the IX bit in MMUCR is
0, the LDTLB instruction changes the TLB entry in the way specified by the RC bit in MMUCR
to the value specified by PTEH and PTEL, using VPN bits 1612 specified in PTEH as the index
number. When the IX bit in MMUCR is 1, the EX-OR of VPN bits 1612 specified in PTEH and
ASID bits 4-0 in PTEH are used as the index number.

Figure 5.9 shows the case where the IX bit in 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 5.9. Consequently, if the LDTLB instruction is
issued after setting only PTEL in the MMU exception processing routine, TLB entry recording is
possible. Any TLB entry can be updated by software rewriting of PTEH and the RC bits in
MMUCR.

As the LDTLB instruction changes address translation information, there is a risk of destroying
address translation information if this instruction is issued in the PO, U0, or P3 area. Make sure,
therefore, that this instruction is issued in the P1 or P2 area. Also, an instruction associated with
an access to the PO, UQ, or P3 area (such as the RTE instruction) should be issued at least two
instructions after the LDTLB instruction.
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MMUCR

9 0
0 |SV‘O|O|RC|O|TF| IX|AT|

Index —|_ Way selection
PTEH register —L— PTEL register
31 17 12 0 8 0 0 0
VPN | |VPN | 0 | ASID | | PPN |O|V|O|PR|SZ|C|D|SH‘O|
Write Write
v v v
Way Oto 3
[ I I m— I T T T
I I I m— I T T 7T
[ I I I [ I T T 1
0| VPN(31-17) VPN(11-10) [ ASID(7-0) |V PPN(31-10) [PR(1-0)|SZ| C [ D |SH
_>
31

Address array Data array

Figure 5.9  Operation of LDTLB Instruction

5.4.4 Avoiding Synonym Problems

When a 1-kbyte page is recorded in a TLB entry, a synonym problem may arise. If a number of
virtual addresses are mapped onto a single physical address, the same physical address data will be
recorded in a number 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 5.10.

To achieve high-speed operation of the SH7729 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 translation, 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 address
is a physical address, physical address bits 31-1() are recorded.

When a 1-kbyte page is used, also, a cache index number is created using virtual address bits 10-4.
However, in case of a 1-kbyte page, virtual address bit 10 is subject to address translation and
therefore may not be the same as physical address bit 10. Consequently, the physical address is
recorded in a different entry from that of the index number indicated by the physical address in the
cache address array.
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For example, assume that, with 1-kbyte page TLB entries, TLB entries for which the following
translation has been performed are recorded in two TLBs:

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

Virtual address 1 is recorded in cache entry H'00, and virtual address 2 in cache entry H'40. Since
two virtual addresses are recorded in different cache entries despite the fact that the physical
addresses are the same, memory inconsistency will occur as soon as a write is performed to either
virtual address. Therefore, when recording a 1-kbyte TLB entry, if the physical address is the same
as a physical address already used in another TLB entry, it should be recorded in such a way that
physical address bit 10 is the same.
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When using a 4-kbyte page

Virtual address

31 121110 0
VPN | Offset |

>

Physical address Virtual address (10—4)

31 121110 0
PPN | Offset |

Physical address (31-10) q

Cache address
array

When using a 1-kbyte page
Virtual address
31 109 0

VPN | Offset |

. Virtual address (10—4) q
Physical address

31 109 0

PPN | Offset |

Physical address (31-10) >

Cache address
array

138
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5.5 MMU Exceptions

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

5.5.1 TLB Miss Exception

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

Hardware Operations: In a TLB miss, the SH7729 hardware executes a set of prescribed
operations, as follows:

1.

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

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

e

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

EXPEVT regisler.

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.

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 sct to 1 to place the SH7729 in the privileged mode.
The block (BL) bit in SR is set to 1 to mask any further exception requests.
The register bank (RB) bit in SR is set to 1.

The RC field in the MMU control register (MMUCR) is incremented by 1 when all entries
indexed are valid. When some entries indexed are invalid, the smallest way number of them
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.

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

18

1. Write the value of the physical page number (PPN) field and the protection key (PR), page size

(87Z), cacheable (C), dirty (D), share status (SH), and valid (V) bits of the page table entry

recorded in the address translation table in the external memory into the PTEL register in the

SH7729.
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2. If using software for way selection for entry replacement, write the desired value to the RC field
in MMUCR.

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

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

5.5.2 TLB Protection Violation Exception

A TLB protection violation exception results when the virtual address and the address array of the
selected TLB entry are compared and a valid entry is found to match, but the type of access is not
permitted by the access rights specified in the PR field. TLB protection violation exception
processing includes both hardware and software operations.

Hardware Operations: In a TLB protcction violation cxception, the SH7729 hardware cxccutes
a set of prescribed operations, as follows:

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

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

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

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

The MD bit in SR is set to 1 to place the SH7729 in the privileged mode.
The BL bit in SR is set 10 1 to mask any further exception requests.

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

\DOO\]O‘\LI]

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

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

Hardware Operations: In a TLB invalid exception, the SH7729 hardware executes a set of
prescribed operations, as follows:

© o N o

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

3.

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

The way number causing the exception is written to RC in MMUCR.

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 SH7729 in the privileged mode.
The block (BL) bit in SR is set to 1 to mask any further exception requests.

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

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

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

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

1.

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

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

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

. Issue the RTE instruction (o terminate the handler and return (o the instruction stream. The

RTE instruction should be issued after two LDTLB instructions.

141
HITACHI



5.5.4 Initial Page Write Exception

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

Hardware Operations: In an initial page writc cxception, the SH7729 hardware cxccutes a sct
of prescribed operations, as follows:

\COO\]O‘\U}

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

3.

4. The PC value indicating the address of the instruction in which the exception occurred is

Exception code H'080 is written to the EXPEVT register.

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 SH7729 in the privileged mode.
The BL bit in SR is set to 1 to mask any further exception requests.

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

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

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

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

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

1. Retrieve the required page table entry from external memory.

2. Set the D bit of the page table entry in the external memory to 1.

. Write the value of the PPN ficld and the PR, SZ, C, D, SH, and V bits of the page table entry

in the external memory to the PTEL register.

. If using soltware for way selection for entry replacement, wrile the desired value (o the RC field

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

. Issue the RTE instruction to terminate the handler and return to the instruction stream. The

RTE instruction should be issued after two LDTLB instructions.

Figure 5.11 shows the flowchart for MMU exceptions.
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Figure 5.11  MMU Exception Generation Flowchart
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5.5.5 Proccssing Flow in Event of MMU Exception (Same Processing Flow
for Address Error)

Figure 5.12 shows the MMU exception signals in the instruction fetch mode.

£|5

Handler transition
processing

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

Exception source stage

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

Figure 5.12 MMU Exception Signals in Instruction Fetch
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Figure 5.13 shows the MMU exception signals in the data access mode.

Handler transition
WB processing

MA | WB |
NOP |
NOP
MMU exception handier — | IF | ID [ EX | MA| wB |
: 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 5.13 MMU Exception Signals in Data Access
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5.5.6 MMU Exception in Repeat Loop

When MMU exception or CPU address error occurs immediately before or within a repeat loop, the
PC of the instruction that generated the exception can not be saved in SPC correctly and repeat
loop can not be restarted after returning from exception handler. EXPEVT is set to H’ 070 in cases
of TLB miss, TLB invalid, and CPU address error. EXPEVT is set to H’0DO in case of TLB
protection violation. Figure 5.14 describes the places where this case occurs.

1 instruction repeat (inst1, SR.RC=2)

inst-1 [ IF [ ID [ EX[MA[WB|

inst0 IF EX

inst1 { ID

inst1 ;

inst2 ID | EX|MA| wWB]

2 instructions repeat (inst1 and inst2, SR.RC=2)

inst-1 | IF | D [EX|MA|[WB
insto
inst1
inst2
inst1
inst2
inst3

wB]|

3 instructions repeat (inst1, inst2 and inst3, SR.RC=2)

inst-1 [ IF [ D |EX|[MA
inst0
inst1
inst2
inst3
inst1
inst2
inst3
inst4

Exception source stage
where SPC is not correct
and repeat loop can not be restarted

Figure 5.14 MMU Exception in Repeat Loop
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4 or more instructions repeat (inst1, inst2, ..., instN, SR.RC=2)

inst-1 [ IF [ ID [ Ex [MA|WB
inst0 IF | ID | EX|MA|WB
insti IF | D [ Ex[MA|wWB]
inst2 IF [ 1D | Ex|MA[WB|
instN-3 IF
instN-2
instN-1
instN
inst1
inst2
instN-3
instN-2
instN-1
instN
instN-+1 IF | ID wB

: Exception source stage

where SPC is not correct

and repeat can not be restarted

Figure 5.14 MMU Exception in Repeat Loop (cont)
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5.6 Memory-Mapped TLB

In order for TLB operations to be managed by software, TLB contents can be read or written to in
the privileged mode using the MOV instruction. The TLB is assigned to the P4 area in the virtual
address space. The TLB address array (VPN, V bit, and ASID) is assigned to HF2000000—
H'F2FFFFFF, and the data array (PPN, PR, SZ, C, D, and SH bits) to H'F3000000-
H'F3FFFFFF. The V bit in the address array can also be accessed from the data array. Only
longword access is possible for both the address array and the data array.

5.6.1 Address Array

The address array is assigned to HF2000000 to HF2FFFFFF. To access an address array, the
32-bit address field (for read/write operations) and 32-bit data field (for write operations) must be
specified. The address field specifies information for selecting the entry to be accessed; the data field
specifies the VPN, V bit and ASID to be written to the address array (figure 5.15 (1)).

In the address field, specify the entry address for selecting the entry (bits 16-12), W for selecting
the way (bits 9-8: 00 is way 0, 01 is way 1, 10 is way 2, 11 is way 3) and HF2 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 as the 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 bit in
MMUCR and the MD bit in SR, just as in ordinary operations (see section 5.3.3, TLB Address
Comparison).

When the A bit is 0, it is written 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 data field in figure 5.15 without comparing
addresses.

To invalidate a specific entry, specify the entry and write O to its V bit. When 1 is specified for the
A bit, only the required VPN entry is invalidated.
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5.6.2 Data Array

The data array is assigned to HF3000000 to HF3FFFFFF. To access a data array, the 32-bit
address field (for read/write operations), and 32-bit data field (for write operations) must be
specified. These are specified in the general register. The address section specifies information for
selecting the entry to be accessed; the data section specifies the longword data to be written to the
data array (figure 5.15 (2)).

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

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

Read access

31 24 23 17 16 12111098 7 6 0

Address field [ 11110010 [a-ooooo-- *] VPN [*[¥] w [o]x- *|

31 1716 12111098 7 0

Data field | VPN [0 ofven[o]v]  AsID |

Write access

31 24 23 1716 12111098 7 6 0

Addressfield [ 11110010  [a----oeoveoe- x| VPN [x[*[ wofx--rooo *|

31 1716 12111098 7 0

Data field | VPN [*- *[vPeN]¢]v]  AsID |
VPN:  Virtual page number ASID:  Address space identifier

V:  Valid bit *. Don't care bit

0 read and written
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 [a----ooooooo- x| VPN [*[¥] w %o *|
31 109 87654 32 1 0
Data field | PPN [x]v]x]|PR[sz[c[D[sH[X]
PPN:  Physical page humber V:  Valid bit
PR: Protection key field SZ: Page-size bit
C: Cacheable bit D: Dirty bit
SH: Share status bit %. Dont-care bit

VPN: Virtual page number
X:  0for read, don'’t care bit for write
W: Way (00: Way 0, 01: Way 1, 10: Way 2, 11: Way 3)

Figure 5.15  Specifying Address and Data for Memory-Mapped TLB Access
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5.6.3 Usage Examples

Invalidating Specific Entries: Specific TLB entries can be invalidated by writing O to the
entry’s V bit. When the A bit is 1, the VPN and ASID specified by the write data is compared to
the VPN and ASID within the TLB entry selected by the entry address and data is written to the
matching way. If no match is found, there is no operation. RO specifies the write data and R1
specifies the address.

; RO=H'1547 381C RI1=H'F201 3080

; MMUCR. IX=0

; VPN(31-17)=B'0001 0101 0100 011 VPN (11-10)=B'10 ASID=B'0001 1100
; corresponding entry association is made from the entry selected by

; the VPN(l6-12)=B'l 001l index, the V bit of the hit way is cleared to
; 0,achieving invalidation.

MOV.L RO, @R1

Reading the Data of a Specific Entry: This example reads the data section of a specific
TLB entry. The bit order indicated in the data field in figure 5.15 (2) is read. RO specifies the
address and the data section of a selected entry is read to R1.

; RI=H'F300 4300 VPN(16-12)=B'00100 Way 3
; MOV.L QRO,RL

5.7 Usage Note

Instructions that manipulate the MD or BL bit in register SR (the LDC Rm, SR instruction, LDC
@Rm+, SR instruction, and RTE instruction) and the following instruction, or the LDTLB
instruction, should be used with the TLB disabled or in a fixed physical address space (the P1 or P2
space).
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Section 6 Exception Processing

6.1 Overview

6.1.1 Features

Exceplion processing is separale [rom normal program processing, and is performed by a routine
separate from the normal program. In response to an exception processing request due to abnormal
termination of the executing instruction, control is passed to a user-written exception handler.
However, in response 10 an interrupt request, normal program execution continues until the end of
the executing instruction. Here, all exceptions other than resets and interrupts will be called
general exceptions. There are thus three types of exceptions: resets, general exceptions, and
interrupts.

6.1.2 Register Configuration

Table 6.1 lists the registers used for exception processing. A register with an undefined initial
value should be initialized by software.

Table 6.1 Register Configuration

Register Abbr. R/W Size Initial Value Address
TRAPA exception register TRA R/W  Longword Undefined H'FFFFFFDO
Exception event register EXPEVT RMW Longword Power-on reset: H'FFFFFFD4
H'000
Manual reset: H'020
Interrupt event register INTEVT R/W  Longword Undefined H'FFFFFFD8
Interrupt event register2  INTEVT2 R Longword Undefined H'04000000

6.2  Exception Processing Function

6.2.1 Exception Processing Flow

In exception processing, the contents of the program counter (PC) and status register (SR) are
saved in the saved program counter (SPC) and saved status register (SSR), respectively, and
execution of the exception handler is invoked from a vector address. The return from exception
handler (RTE) instruction is issued by the exception handler routine at the completion of the
routine, restoring the contents of the PC and SR to return to the processor state at the point of
interruption and the address where the exception occurred.
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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.

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

The mode (MD) bit in SR is set to 1 to place the SH7729 in the privileged mode.

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

An exception code identifying the exception event is written to bits 11-0 of the exception
evenl (EXPEVT) or interrupl event (INTEVT and INTEVT?2) regisler.

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

& T N N R S

6.2.2 Exception Processing Vector Addresses

The reset vector address is fixed at H'AOO00000. The other three events are assigned offsets from
the vector base address by software. Translation look-aside buffer (TLLB) miss exceptions have an
offset from the vector base address of H00000400. The vector address offset for general exception
events other than TLB miss exceptions is H'00000100. The interrupt vector address offset is
H'00000600. The vector base address is loaded into the vector base register (VBR) by software. The
vector base address should reside in P1 or P2 fixed physical address space. Figure 6.1 shows the
relationship between the vector base address, the vector offset, and the vector table.

>
! -

'

VBR + Vector offset ————»

(Vector base address)

H'A000 0000 ——»

Vector address

Figure 6.1 Vector Addresses

In table 6.2, exceptions and their vector addresses are listed by exception type, instruction
completion state, relative acceptance priority, relative order of occurrence within an instruction
execution sequence and vector address for exceptions and their vector addresses.
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Table 6.2 Exception Event Vectors

ExceptionCurrent ExceptionVector Vector
Type InstructionException Event Priority*'Order Address Offset
Reset Aborted Power-on 1 — H'A00000000 —
Manual reset 1 — H'A00000000 —
H-UDI reset 2 — H’A00000000 —
General Aborted CPU Address error 2 1 — H'00000100
exception andretried (instruction access)
events TLB miss 2 2 — H'00000400
(instruction access
not in repeat loop)
TLB miss 2 2 H’00000100
(instruction access in
repeat loop)™
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
CPU_Address error 2 6 — H'00000100
(data access)
TLB miss 2 7 — H'00000400
(data access not in
repeat loop)
TLB miss 2 7 — H'00000100
(data access in
repeat loop)™
TLB invalid (data 2 8 — H'00000100
access)
TLB protection 2 9 — H'00000100
violation
(data access)
Initial page write 2 10 — H'00000100
Completed Unconditional trap 2 5 — H'00000100
(TRAPA instruction)
155

HITACHI



Table 6.2 Exception Event Vectors (cont)

Exception Current Exceptio Vector Vector
Type Instructio Exception Event Priority*n Order Address Offset
n 1
General Completed User breakpoint trap 2 n*2 — H'00000100
exception
events
General Completed DMA address error 2 12 — H'00000100
interrupt
requests Nonmaskable 3 — — H'00000600
interrupt
External hardware  4*3 — — H'00000600
interrupt
H-UDI interrupt 43 — — H'00000600

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

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

3. Use software to specify relative priorities of external hardware interrupts and peripheral
module interrupts (see section 9, Interrupt Controller (INTC)).

4. See section 6.5.2, General Exceptions for detalils.

6.2.3 Acceptance of Exceptions

Processor resets and interrupts are asynchronous events unrelated to the instruction stream. All
exception events are prioritized 1o 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 a relative order in the execution sequence of an instruction
(i.e. execution order), but are handled at priority level 2 in instruction-stream order (i.e. program
order), where an exception detected in a preceding instruction is accepted prior to an exception
detected in a subsequent instruction.

Three general exception events (reserved instruction code exception, unconditional trap, and illegal
slot instruction exception) are detected in the decode stage (ID stage) ol different instructions and
are mutually exclusive events in the instruction pipeline. They have the same execution priority.
Figure 6.2 shows the order of general exception acceptance.
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Pipeline Sequence:

Instruction n | F | o [ Ex [ ™A [ws |

¢ A TLB miss (data access)
Instruction n + 1 | F [ D [Ex [mA [wB |

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

ARiE (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 6.2 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 slot. A re-execution type exception detected in a delay slot is accepted before execution of the
delayed branch instruction. A completion type exception detected in a delayed branch instruction or
delay slot is accepted after execution of the delayed branch instruction. The delay slot here refers to

HITACHI



the next instruction after a delayed unconditional branch instruction, or the next instruction when a
delayed conditional branch instruction is true.

6.2.4 Exception Codes

Table 6.3 lists the exception codes written to bits 11-0 of the EXPEVT register (for reset or
general exceptions) or the INTEVT and INTEVT?2 registers (for general interrupt requests) to
identify each specific exception event. An additional exception register, the TRAPA (TRA)
register, is used to hold the 8-bit immediate data in an unconditional trap (TRAPA instruction).

Table 6.3 Exception Codes

Exceptlon Type Exceptlon Event Exceptlon Code
Reset Power-on reset H'000
Manual reset H'020
H-UDI reset H’'000
General exception events TLB miss/invalid (load) H'040
TLB miss/invalid (store) H'060
TLB miss/invalid/CPU Address error in H'070
repeat loop
Initial page write H'080
TLB protection violation (load) H'0AO
TLB protection violation (store) H'0CO
TLB protection violation in repeat loop H0DO
CPU Address error (load) H'OEOQ
CPU Address error (store) H100
Unconditional trap (TRAPA instruction) H'160
Reserved instruction code exception H'180
lllegal slot instruction exception H'1A0
User breakpoint trap H'1EO
DMA address error H'600
General interrupt requests Nonmaskable interrupt H'1CO
H-UDI interrupt H’620
External hardware interrupts:
IRL3—IRLO = 0000 H'200
IRL3—IRLO = 0001 H'220
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Table 6.3 Exception Codes (cont)

Exception Type Exception Event Exception
Code
General interrupt requests External hardware interrupts (cont):
(cont) 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'2E0
IRL3-IRLO = 1000 H'300
IRL3-IRLO = 1001 H'320
IRL3-IRLO = 1010 H'340
IRL3-IRLO = 1011 H'360
IRL3-IRLO = 1100 H'380
IRL3-IRLO = 1101 H'3A0
IRL3-IRLO= 1110 H'3CO0

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

6.2.5 Exception Request Masks

If a general exception event occurs when the BL bitin SR is 1, the CPU’s internal 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 a reset.

If a general interrupt occurs when BL = 1, the request is masked (held pending) and not accepted
until the BL bit is cleared to O by software. For reentrant exception processing, the SPC and SSR
must be saved and the BL bit in SR cleared t0 0.

6.2.6 Returning from Exception Handling

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

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

1. The exception event register (EXPEVT) resides at address HFFFFFFD4, and contains a 12-bit
cxception code. The exception code sct in EXPEVT is that for a resct or gencral exception
event. The exception code is set automatically by hardware when an exception occurs.
EXPEVT can also be modified by software.

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

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

The bit configurations of the EXPEVT, INTEVT, and TRA registers are shown in figure 6.3.

EXPEVT register, INTEVT and INTEVT2 registers  TRA register
31 11 0 31 9 20
0 0| Exception code | | 0 0 imm |00|

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

Figure 6.3  Bit Configurations of EXPEVT, INTEVT, INTEVT2, and TRA
Registers

6.4  Exception Handler Operation

6.4.1 Reset

The reset sequence is used to power up or restart the SH7709 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 a manual reset, however, processing to retain
external memory contents is continued. The reset sequence consists of the following operations:

1. The MD bit in SR is set to 1 to place the SH7709 in privileged mode.
2. The BL bit in SR is set to 1, masking any subsequent exceptions.
3. The RB bitin SR is set to 1.
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4. An encoded value of H000 in a power-on reset or H020 in a manual reset is written to bits
11-0 of the EXPEVT register to identify the exception event.

5. Instruction execution jumps to the user-written exception handler at address H'A0000000.

6.4.2 Interrupts

An interrupt 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.

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

The MD bit in SR is set to 1 to place the SH7709 in privileged mode.

The RB bit in SR is set to 1.

An encoded value identifying the exception event is written to bits 11-0 of the INTEVT and
INTEVT2 registers.

6. 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.

ok WD

6.4.3 General Exceptions

When the SH7729 encounters any cxception condition other than a resct or interrupt request, it
executes the following operations:

The contents of the PC and SR are saved in the SPC and SSR, respectively.
The BL bit in SR is set to 1, masking any subsequent exceptions.

The MD bit in SR is set to 1 to place the SH7729 in privileged mode.

The RB bit in SR is set to 1.

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

Al e

6. Instruction cxccution jumps to the vector location designated by cither the sum of the vector
base address and offset H'00000400 in the vector table in a TLB miss trap, or by the sum of the
vector base address and offset H'00000100 for exceptions other than TLB miss traps, to invoke
the exception handler.
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6.5 Individual Exception Operations

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

6.5.1 Resets

s Power-On Reset
— Conditions; RESETP low
— 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
— Conditions: RESETM low
— 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 1o B'1111. The CPU and on-chip supporling modules are
initialized. See the register descriptions in the relevant sections for details.

e H-UDI Reset
— Conditions: H-UDI reset command input (see section 25.4.3, H-UDI Reset)

— 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.

Table 6.4 Types of Reset

Internal State

Conditions for Transition

Type to Reset State CPU On-Chip Supporting
Modules

Power-on RESETP = Low Initialized (See register configuration in

reset relevant sections)

Manual RESETM = Low Initialized

reset

H-UDI H-UDI reset command input Initialized

reset
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6.5.2 General Exceptions

¢ TLB miss exception

— Conditions: Comparison of TLB addresses shows no address match

— 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 a read, H'040 is set in EXPEVT; if the exception

occurred during a write, H'060 is set in EXPEVT. The BL, MD and RB bits in SR are sel (0 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
— Conditions: Comparison of TLB addresses shows address match but V = 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 exeeption occurred. The way that gencrated the cxeeption
is set in the RC bits in MMUCR.

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

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

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

and a branch occurs to PC = VBR + H'0100.

¢ TLB exception/CPU address error in repeat loop

— Conditions: TLB miss, TLB invalid or CPU address error in the last several instructions of
repeat loop (see section 5.5.6, MMU Exception in Repeat Loop)

— Operations: TEA, PTEH and RC bit in MMUCR are set in the way of the type of
exception.

The SR of the instruction that generated the exception are saved in the SSR. But the SPC is

not the PC of the instruction that generated the exception. Repeat loop can not be restarted after

returning from exception handler. In order to complete a repeat loop, ensure not to cause TLB

exceptions or CPU address error in the last several instructions of repeat loop (see section

5.5.6, MMU Exception in Repeat Loop). If the TLB exception or CPU address error occurred

in the last several instructions of repeat loop, H'070 is set in EXPEVT. The BL, MD, and RB

bits in SR are set to 1 and a branch occurs to PC = VBR + H'0100.
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Initial page write exception

— 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.

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

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

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

branch occurs in PC = VBR + H'0100.

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

The PC and SR of the instruction that generated the exception are saved to the SPC and SSR,
respectively. If the exception occurred during a read, H'OAOQ is set in EXPEVT; if the exception
occurred during a write, HOCO is set in EXPEVT. The BL, MD, and RB bits in SR are set to

1 and a branch occurs to PC = VBR + H'0100.

TLB protection violation in repeat loop

— Conditions: TLB protection violation in the last several instruction of repeat loop (see
section 5.5.6, MMU Exception in Repeat Loop)

— Operations: TEA, PTEH and RC bit in MMUCR are set in the way of the type of
exception,
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The SR of the instruction that generated the exception are saved in the SSR. But the SPC is
not the PC of the instruction that generated the exception. Repeat loop can not be restarted after
returning from exception handler. In order to complete a repeat loop, ensure not to cause TLB
exceptions or CPU address error in the last several instructions of repeat loop (see section
5.5.6, MMU Exception in Repeat Loop). If the TLB exception or CPU address error occurred
in the last several instructions of repeat loop, H'070 is set in EXPEVT. The BL, MD, and RB
bits in SR are set to 1 and a branch occurs to PC = VBR + H'0100.

CPU Address error
— Conditions:
a. Instruction fetch from odd address (4n + 1, 4n + 3)

o

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

e

Longword accessed from addresses other than longword boundaries (4n + 1, 4n + 2,

4n + 3)

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

— 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 a read, H'OEO is set in EXPEVT; if the
exception occurred during a write, H'100 is set in EXPEVT. The BL, MD, and RB bits in
SR are set to 1 and a branch occurs to PC = VBR + H'0100.

Unconditional trap

— 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 cxccuting is saved to SSR. The 8-bit immediate valuc in the TRAPA
instruction is quadrupled and set in TRA (9-0). H'160 is set in EXPEVT. The BL, MD,
and RB bits in SR are set to 1 and a branch occurs to PC = VBR + H0100.

Reserved instruction exception

— Conditions:

a. When undefined code not in a delay slot is decoded
Delay branch instructions: JMP, JSR, BRA, BRAF, BSR, BSRF, RTS, RTE, BT/S,
BF/S

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

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

¢. When a DSP instruction not in a delay slot is decoded without DSP extension (SR.DSP=0)
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DSP instructions: LDS Rm, DSR/A0/X0/X1/Y0O/Y1, LDS.L @Rm+,
DSR/AO/X0/X1/Y0/Y 1, STS DSR/A0/X0/X1/Y0/Y1, Rn, STS.L
DSR/A0/X0/X1/Y0/Y1, @-Rn, LDC Rm, RS/RE/MOD, LDC.L. @Rm+, RS/RE/MOD,
STC RS/RE/MOD, Rn, STC.L RS/RE/MOD, @-Rn, LDRS, LDRE, SETRC, MOVS,
MOVX, MOVY, Pxxx

d. When an instruction that rewrites the PC/SR/RS/RE in the last three instructions of repeat
loop is decoded.
Instructions that rewrite the PC: JMP, JSR, BRA, BRAF, BSR, BSRF, RTS, RTE, BT,
BF, BT/S, BE/S, TRAPA, LDC Rm, SR, LDC.L @Rm+, SR
Instructions that rewrite the SR: LDC Rm, SR, LDC.LL. @Rm+, SR, SETRC
Instructions that rewrite the RS: LDC Rm, RS, LDC.L @Rm+, RS, LDRS
Instructions that rewrite the RE: LDC Rm, RE, LDC.L. @Rm+, RE, LDRE

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

¢ [llegal slot instruction
— Conditions:
a. When undefined code in a delay slot is decoded

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

b. When an instruction that rewrites the PC in a delay slot is decoded
Instructions that rewrite the PC: JMP, JSR, BRA, BRAF, BSR, BSRF, RTS, RTE, BT,
BF, BT/S, BF/S, TRAPA, LDC Rm, SR, LDC.L @Rm+, SR

¢. When a privileged instruction in a delay slot is decoded in user mode
Privileged instructions: LDC, STC, RTE, LDTLB, SLEEP; instructions that access GBR
with LDC/STC are not privileged instructions.

d. When a DSP instruction in a delay slot is decoded without DSP extension (SR.DSP=0)
DSP instructions: LDS Rm, DSR/A0/X0/X1/Y0/Y1, LDS.L @Rm+,
DSR/A0/X0/X1/Y0/Y1, STS DSR/A0/X0/X1/Y0/Y1, Rn, STS.L
DSR/A0/X0/X1/Y0/Y1, @-Rn, LDC Rm, RS/RE/MOD, LDC.L. @Rm+, RS/RE/MOD,
STC RS/RE/MOD, Rn, STC.L RS/RE/MOD, @-Rn, LDRS, LDRE, SETRC, MOVS,
MOVX, MOVY, Pxxx

— 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'1AQ is set in EXPEVT. The
BL, MD, and RB bits in SR are set to 1 and a branch occurs to PC = VBR + H'0100.
When an undefined instruction other than H'Fxxx is decoded, operation cannot be
guaranteed.

¢ User break point trap
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— 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 occurs is set in SSR. H'1EO is set in EXPEVT. The BL, MD, and RB bits in SR are
set o 1 and a branch occurs to PC = VBR + H'0100. See section 10, User Break
Controller, for more information.

¢ DMA Address error
— Conditions:
a. Word data accessed from addresses other than word boundaries (4n + 1, 4n + 3)
b. Longword accessed from addresses other than longword boundaries (4n + 1, 4n + 2,
4n + 3)

— Operations: The PC of the instruction immediately after the instruction executed before the
exception occurs is saved to the SPC. SR when the exception occurs is saved to SSR.
H'5CO0 is set in EXPEVT. The BL, MD, and RB bits in SR are set to 1 and a branch occurs
to PC = VBR + H'0100.

6.5.3 Interrupts

1. NMI
Conditions: NMI pin edge detection

Operations: The PC and SR after the instruction that receives the interrupt are saved to the
SPC and SSR, respectively. H01CO is set to INTEVT. The BL, MD, and RB bits of the SR
are set to 1 and a branch occurs to PC = VBR + H'0600. This interrupt is not masked by
SR.IMASK and received with top priority when the SR’s BL bit in SR is 0. When the BL bit
is 1, the interrupt is masked. When BLMSK in ICRI is a logic zero and not masked when
BLMSK in ICRI is a logic one. See section 9, Interrupt Controller, for more information.

2. IRL Interrupts

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

Operations: The PC after the instruction that accepts the interrupt is saved to the SPC. SR at
the time the interrupt is accepted is saved to SSR. The code corresponding to the

IRL3-IRLO level is set in INTEVT. The corresponding code is given as H'200 +

B' (IRL3-IRLO) x H'20. The BL, MD, and RB bits in SR are set t0 1 and a branch occurs (o
VBR + H'0600. The reccived level is not sct in SRIMASK. Sce scction 9, Interrupt
Controller, for more information.

3. IRQ Pin Interrupts

167
HITACHI



Conditions: IRQ pin is asserted and SR.IMASK is lower than the IRQ priority level and the
BL bitin SR is 0. The interrupt is accepted at an instruction boundary.

Operations: The PC after the instruction that accepts the interrupt is saved to the SPC. The SR
at the point the interrupt is accepted is saved to the SSR. The code corresponding to the
interrupt source is set to INTEVT and INTEVT2. The BL, MD, and RB bits of the SR are set
to 1 and a branch occurs to VBR + H'0600. The received level is not set to SR.IMASK. See
section 9, Interrupt Controller, for more information.

4. PINT Pin Interrupts

Conditions: The PINT pin is asserted and SR.IMASK is lower than the PINT priority level and
the BL bit in SR is 0. The interrupt is accepted at an instruction boundary.

Operations: The PC after the instruction that accepts the interrupt is saved to the SPC. The SR
at the point the interrupt is accepted is saved to the SSR. The code corresponding to the
interrupt source is set to INTEVT and INTEVT2. The BL, MD, and RB bits of the SR are set
to 1 and a branch occurs to VBR + H'0600. The received level is not set to SR.IMASK. See
section 9, Interrupt Controller, for more information.

5. On-Chip Module Interrupts
Conditions: SR.IMASK is lower than the on-chip module (TMU, RTC, SCI0, SCI1, SCI2,
A/D, LCDC, PCC, DMAC, CPG, REF) interrupt level and the BL bit in SR is 0. The
interrupt is accepted at an instruction boundary.

Operations: The PC after the instruction that accepts the interrupt is saved to the SPC. The SR
at the point the interrupt is accepted is saved to the SSR. The code corresponding to the
interrupt source is set to INTEVT and INTEVT?2. The BL, MD, and RB bits of the SR are set
to 1 and a branch occurs to VBR + H'0600. See section 9, Interrupt Controller, for more
information.

6. H-UDI Interrupt
Conditions: H-UDI interrupt command is input (see section 25.4.5, H-UDI Interrupt) and
SR.IMASK is lower than 15 and the BL bit in SR is 0. The interrupt is accepted at an
instruction boundary.

Operations: The PC after the instruction that accepts the interrupt is saved to the SPC. The SR
al the point the interruplt is accepled is saved (o the SSR. H'5EOQ is set 10 INTEVT and
INTEVT2. The BL, MD, and RB bits of the SR are set to 1 and a branch occurs to VBR +
H'0600. See section 9, Interrupt Controller, for more information.
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6.6 Cautions

¢ Return from exception processing
— Check the BL bit in SR with software. When the SPC and SSR have been saved to external
memory, set the BL bit in SR to 1 before restoring them.

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

e Operation when exception or interrupt occurs while SR BL =1

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

NMI is accepted when BLMSK in ICRI is 1.

— Exception: No user break point trap will occur even when the break 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 EXPEVT, SPC, and SSR registers are
undefined.

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

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

— 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.

e Initial register values after reset

— Undefined registers
RO_BANKO0/1-R7_BANKO/1, R8-R15, GBR, SPC, SSR, MACH, MACL, PR, RS, RE,
MOD, A0, AOG, Al, A1G, M0, M1, X0, X1, YO, Y1

— Initialized registers
VBR = H'00000000
SRMD =1, SRBL =1, SRRB =1, SR.I3-SR.I0 = HF. Other SR bits are undefined.
PC = H'A0000000
DSR = H’00000000
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e Ensure that an exception is not generated at an RTE instruction delay slot, as operation is not
guaranteed in this case.

When the BL bit in the SRL register is set to 1, ensure that a TLB-related exception or address
error does not occur at an LDC instruction that updates the SR register and the following
instruction. This occurrence will be identified as multiple exceptions, and may initiate reset
processing.
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Section 7 Cache

7.1 Overview

7.1.1 Features
The cache specifications are listed in table 7.1.

Table 7.1 Cache Specifications

Parameter Specification

Capacity 16 Kbytes

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

Line size 16 bytes

Number of entries 256 entries/way

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

7.1.2 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 256 entries. The data section of the entry is called a line.
Each line consists of 16 bytes (4 bytes x 4). The data capacity per way is 4 Kbytes (16 bytes X
256 entries), with a total of 16 Kbytes in the cache as a whole (4 ways). Figure 7.1 shows the
cache structure.
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Address array (ways 0-3) Data array (ways 0-) LRU

I —— —I
L L
Entry 0] v[{u| Address of two | Lwi | Lwe | Lwa 0
Entry 1] v|U| Address 1 1
Entry 255 v[U| Address |1 255 | I oss
24 (1 + 1 + 22) bits 128 (32 x 4) bits 6 bits
- P - ~—

LWO-LW3: Longword data 0-3

Figure 7.1 Cache Structure

Address Array: The V bit indicates whether the entry data is valid. When the V bit is 1, data is
valid; when 0, data is not valid. The U bit indicates whether the entry has been written to in write-
back mode. When the U bit is 1, the entry has been written to; when 0, it has not. The address 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 SH7729, the top three of 32 physical address bits are used as shadow bits (see section 10,
User Break Controller), and therefore in a normal replace operation the top three bits of the vector
address are cleared to (.

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

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

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

In normal operation, four ways are used as cache and six LRU bits indicate the way to be replaced
(table 7.2). If a bit pattern other than those listed in table 7.2 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 7.2,

The LRU bits are initialized to O by a power-on reset, but are not initialized by a manual reset.
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Table 7.2 LRU and Way Replacement (when lock is disabled)

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

7.1.3 Register Configuration
Table 7.3 shows details of the cache control register.

Table 7.3 Register Configuration

Register Abbr. R/W Size Initial Address
Value

Cache control register CCR R/W  Longword H'00000000 HFFFFFFEC

Cache control register 2~ CCR2 R/W  Longword H’00000000 H’040000B0

7.2  Register Description

7.2.1 Cache Control Register (CCR)

The cache is enabled or disabled using the CE bit of the cache control register (CCR). CCR also
has a CF bit (which invalidates all cache entries)*', and a WT 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 sel bits 4 (0 0. Figure 7.2 shows the confliguration of the CCR regisler.

Notes: 1. CB bit (which selects either write-through mode or write-back mode of P1)
2. PO, U0 and P3 modes
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Bit 5, 4: 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.

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

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

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

Figure 7.2 CCR Register Configuration

7.2.2 Cache Control Register 2 (CCR2)

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

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

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

CCR2 must be sel before cache is enabled (CCR.CE = 1).

Figure 7.3 shows the configuration of the CCR2 register.
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31 9 8 7 2 1 0

LOADI|LOCK LOADILOCK]

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

When W2LOCK =1 & W2LOAD = 1 & DSP = 1, the prefetched data will always be loaded
into Way2. In all other conditions the prefetched data will be loaded into the way pointed by
LRU.

WB3LOCK: Way 3 lock bit. W3LOAD: Way 3 load bit.

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

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

Figure 7.3 CCR2 Register Configuration

Whenever CCR2 bit 8 (W3LOCK) or bit 0 (W2LOCK) is high the cache is locked. The locked
data will not be overwritten unless W3LOCK bit and W2LOCK bit are reset or the PREF
condition during DSP mode matched. During cache locking mode, the LRU in table 7.2 will be
replaced by tables 7.4-7.6.

Table 7.4 LRU and Way Replacement (when W2LOCK=1)

LRU (5-0) Way to be
Replaced

000000, 000001, 000100, 010100, 100000, 100001, 110000, 110100 3

000011, 000110, 000111, 001011, 001111, 010110, 011110, 011111 1

101001, 101011, 111000, 111001, 111011, 111100, 111110, 111111 0

Table 7.5 LRU and Way Replacement (when W3LOCK=1)

LRU (5-0) Way to be
Replaced

000000, 000001, 000011, 001011, 100000, 100001, 101001, 101011 2

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

110000, 110100, 111000, 111001, 111011, 111100, 111110, 111111 0
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Table 7.6 LRU and Way Replacement (when W2LOCK=1 and W3LOCK=1)

LRU (5-0) Way to be
Replaced

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

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

7.3  Cache Operation

7.3.1 Searching the Cache

If the cache is enabled, whenever instructions or data in memory are accessed the cache will be
searched to see if the desired instruction or data is in the cache. Figure 7.4 illustrates the method by
which the cache is searched. The cache is a physical cache and holds physical addresses in its
address section.

Entries are selected using bits 114 of the address (virtual) of the access to memory and the address
tag of that entry is read. In parallel to reading of the address tag, the virtual address is translated to a
physical address in the MMU. The physical address after translation and the physical address read
from the address section are compared. The address comparison uses all four ways. When the
comparison shows a match and the selected entry is valid (V = 1), a cache hit occurs. When the
comparison does not show a match or the selected entry is not valid (V = 0), a cache miss occurs.
Figure 7.4 shows a hit on way 1.
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Virtual address

Ways 0-3

Lwi1

Lw2

LW3

31 11 10 4 3210
| L[]
-t - -
Entry selection | Longword (LW) selection
Ways 0-3
MMU 0|V |U| Address LWO
1
255 —
Physical address ; ) V

CMP

Hit signal 1

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

Figure 7.4  Cache Search Scheme

HITACHI

177




7.3.2 Recad Access

Read Hit: In a read 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
causcd the miss is loaded from cxternal memory to the cache, the instruction or data is 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 bit of a replaced entry in write-back mode is 1,
the cache fill cycle starts after the entry is transferred to the write-back buffer. After the cache
completes its fill cycle, the write-back buffer writes back the entry to the memory. The write-back
unit is 16 bytes.

7.3.3 Write Access

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

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

7.3.4 Write-Back Buffer

When the U bit of the entry to be replaced in the write-back mode is 1, it must be written back to
the external memory. To increase performance, the entry to be replaced is first transferred to the
write-back buffer and fetching of new entries to the cache takes priority over writing back to the
external memory. During the write back cycles, the cache can be accessed. The write-back buffer
can hold one line of the cache data (16 bytes) and its physical address. Figure 7.5 shows the
configuration of the write-back buffer.
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PA (31—4)|Longword 0 |Longword 1 | Longword 2 | Longword 3

PA (314): Physical address written to external memory
Longword 0-3: The line of cache data to be written to
external memory

Figure 7.5 Write-Back Buffer Configuration

7.3.5 Coherency of Cache and External Memory

Use software to ensure coherency between the cache and the external memory. When memory
shared by this LST and another device is accessed, the latest data may be in a write-back mode
cache, so invalidate the entry that includes the latest data in the cache, generate a write back, and
update the data in memory before using it. When the caching arca is updated by a device other than
the SH7729, invalidate the entry that includes the updated data in the cache.

7.4 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 HFO000000 to HFOFFFFFF and the data array onto
addresscs HF1000000 to HF1FFFFFEFE. In the privileged modc, the cache contents can be rcad or
written using the MOV instruction.

7.4.1 Address Array

The address array is mapped onto H'FO000000 to HFOFFFFFF. To access an address array, the 32-
bit address field (for read/write accesses) and 32-bit data field (for write accesses) must be specified.
The address ficld specifics information for sclecting the entry to be accessed; the data ficld specifics
the address, V bit, U bit, and LRU bits to be written to the address array (figure 7.6 (1)).

In the address field, specify the entry address for selecting the entry (bits 11-4), W for selecting the
way (bits 12-11: 00 is way 0, 01 is way 1, 10 is way 2, 11 is way 3), and H'FO to indicate address
array access (bits 31-24),

When writing, specify bit 2 as the A bit. The A bit indicates whether addresses are compared
during writing. When the A bit is 1, the addresses of four entries selected by the entry addresses are
compared to the addresses 10 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 (W) specified in bits 12-11 is not used. When the A bit
is 0, it is written to the entry selected with the entry address and way number without comparing
addresscs. The address specificd by bits 31-10 in the data specification in figure 7.6 (1), address
array access, is a virtual address. When the MMU is enabled, the address is translated into a
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physical address, then the physical address is used in comparing addresses when the A bitis 1. The
physical address is written into the address array.

When reading, the address tag, V bit, U bit, and LRU bits of the entry specified by the entry
address and way number (W) are read using the data format shown in figure 7.6 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 has a U bit set to 1, it will be written back.
This allows coherency to be achieved between the external memory and cache by invalidating the
entry. However, when 0 is written to the V bit, 0 must also be written to the U bit of that entry.

7.4.2 Data Array

The data array is mapped onto HF1000000 to HF1FFFFFF. 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 specifies information for selecting the entry to be accessed; the data field specifies the
longword data to be written to the data array (figure 7.6 (2)).

In the address field, specify the entry address for selecting the entry (bits 11-4), L for indicating the
longword position within the (16-byte) line (bits 3-2: 00 is longword 0, 01 is longword 1, 10 is
longword 2, 11 is longword 3), W for selecting the way (bits 13-12: 00 is way 0, 01 is way 1, 10
is way 2, 11 is way 3), and H'F1 to indicate data array access (bits 31-24).

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

Address specification

Read access

31 24 23 14 13 12 11 3 2 0

[ 11110000 Hecenenennnn * W Entry [o] = #

Write access

31 24 23 14 13 12 11 3 2 ]

[ 11110000 | socoenens * w Entry [A ] = *
Data specification

31 30 29 10 9 3 2 1 0

[o]o]o] Address tag (31-10) |  LRU x X [ul v]

2. Data array access (both read and write accesses)

Address specification

31 24 23 14 13 12 11

| 1111 0001 | Keveevreveens % w Entry

Data specification
31

| Longword

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

Note: Address tag [31:29] are reserved for future use.
Programmer shall always write Os to these bits.

Figure 7.6  Specifying Address and Data for Memory-Mapped Cache Access
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7.5 Usage Examples

7.5.1 Invalidating Specific Entries

Specific cache entrics can be invalidated by writing O to the entry’s V bit. When the A bitis 1, the
address tag specified by the write data is compared to the address tag within the cache selected by
the entry address, and data is written when a match is found. If no match is found, there is no
operation. RO specifies the write data in RO and R1 specifies the address. When the V bit of an
entry in the address array is set to 0, the entry is written back if the entry’s U bit is 1.

; RO=H'01100010; VPN=R'0000 0001 0001 0000 0000 00, U=0, V=0
; RI=H'F0000088; address array access, entry=B'00001000, A=1
H

MOV.L RO, @RL

7.5.2 Reading the Data of a Specific Entry

This example reads the data section of a specific cache entry. The longword indicated in the data
ficld of the data array in figure 7.6 18 rcad to the register. RO specifics the address and R1 is read.

; RI=H'F100 004C; data array access, entry=B'00000100, Way = O,
; longword address = 3
i

MOV.L @RO,Rl ; Longword 3 is read.
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Section 8§ X/Y Memory

8.1 Overview

The SH7729 has on-chip X-RAM and Y-RAM. It can be used by both CPU and DSP (0 store
instructions or data.

8.1.1 Features
The X/Y Memory specifications are listed in table 8.1.

Table 8.1 X/Y Memory Specifications

Parameter Specification
Addressing User selectable mapping mechanism
method

¢ Fixed mapping for mission-critical realtime applications (P2/Uxy area)

¢ Automatic mapping through TLB for easy to use (PO/P3/U0 area)

Ports 3 independent read/write ports

8-/16-/32-bit access from the CPU

¢ Maximum two 16-bit access from the DSP
8-/16-/32-bit access from the DMAC

Size 8-Kbytes RAM for X and Y memory each

8.2 X/Y Memory Access from the CPU

The X/Y memory can be located in either map-enabled area or fixed-mapped area, depending on the
mode bit (MD) and DSP bit (DSP) setting in the status register (SR). Figure 8.1 shows X/Y
memory logical mapping.

1. Privileged Mode
MD = 1, DSP = 0; Any virtual address in space PO or P3 can map to X/Y memory through
TLB translation. Addresses ranging from H'A500 0000 to H'ASFF FFFF in the P2 space can
also [ixed map to X/Y memory. Since the DSP exlension is disabled, the DSP instruction sel
and registers are not available to the programmer.

2. User Mode

MD = (, DSP = 0; Any address in the UQ space can access X/Y memory through TLB
translation. Any access to addresses beyond the UQ space will cause an address error. Since the
DSP extension is disabled, the DSP instruction set and registers are not available to the
programmer,

3. Privileged-DSP Mode
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MD = 1, DSP = 1; Any virtual address in space PO or P3 can map to X/Y memory through
TLB translation. Addresses ranging from H'A500 0000 to H'ASFF FFFF in the P2 space can
also fixed-map to X/Y memory. Since the DSP extension is enabled, the DSP instruction set
and registers are available to the programmer.

4. User-DSP Mode
MD = 0, DSP = 1; Any virtual address in space U0 can map to X/Y memory through TLB
translation. Addresses ranging from H'A500 0000 to H'ASFF FFFF in the Uxy spaces can also
fixed map to X/Y memory. Any access to outside of UQ and Uxy space will cause an address
error. Since the DSP extension is enabled, the DSP instruction set and registers are available to
the programmer.

It is recommended that for the mappable area, the C (cacheable) bit in the TLB entry must be set to
0 to guarantee a two-cycle access.

Mapping through TLB translation provides a flexible X/Y memory addressing scheme but takes
two cycles even when the C bit in the TLB entry is set to 0. Fixed mapping provides a one-cycle
access for read and two-cycle access for write, which is the appropriate method for mission-critical
realtime operations.

The X/Y memory resides on the second 16 MB of physical address spacc arca 1, from H'A500
0000 to H'ASFF FFFF. These 16-MB address spaces are shadowed and maps to the same 128-KB
X/Y ROM/RAM. Figures 8.1 and 8.2 show X/Y memory physical mapping.

8.3 X/Y Memory Access from the DSP

The X/Y memory can be accessed by the DSP through the X bus and Y bus. Each access is 16-bit
unit.
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8.4 X/Y Memory Access from the DMAC

The X/Y memory also exists on the I bus and can be accessed by the DMAC. The DMAC access
is 8-/16-/32-bit unit. If the I bus accesses X/Y memory simultaneously with an access from X
bus/Y bus or L bus, the I bus master has a higher priority.

MD =1,DSP =0 MD =0,DSP =0
Priviledged mode User mode
Same as SH3 Same as SH3
Po InMD = 1,CPU can uo In MD = 0, user cannot
change DSP flag change DSP flag
P1
P2 Address error
P3
P4
MD =1, DSP =1 MD = 0, DSP = 1
Priviledged-DSP mode User-DSP mode
In MD = 1,CPU can
PO change DSP flag uo

L x JL v | L x J[ v |

P1 Address error
= — / Uxy: Address range

From H’A500 0000

P3 Address error To HASFF FFFF

P4

Figure 8.1 X/Y Memory Logical Address Mapping
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4000000

5000000

5020000
XY Memory

6000000

7FFFFFF

Area 1, 64 Mbytes

1/O registers space
16 Mbytes

Shadow

16 Mbytes

Reserved area
32 Mbytes

5000000

5007000
5008FFF

5010000

5017000
5018FFF

501FFFF

128 kbytes X/Y Memory

X-ROM/X-RAM
Reserved space

X-RAM 8 kbytes

X-ROM/X-RAM
Reserved space

Y-ROM/X-RAM
Reserved space

Y-RAM 8 kbytes

Y-ROM/X-RAM
Reserved space
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Section 9 Interrupt Controller (INTC)

9.1 Overview

The interrupt controller (INTC) ascertains the priorily of interrupt sources and controls interrupt
requests to the CPU. The INTC registers set the order of priority of each interrupt, allowing the
user to process interrupt requests according to the user-set priority.

9.1.1 Features
INTC has the following features:

® 16 levels of interrupt priority can be set: By setting the five interrupt-priority registers, the
priorities of on chip peripheral module interrupts can be selected from 16 levels for different
request sources.

¢ NMI noise canceler function: NMI input-level bit indicates NMI pin states. By reading this bit
in the interrupt exception service routine, the pin state can be checked, enabling it to be used as
anoise canceler.

¢ External devices can be notified that an interrupt has been received (IRQOUT): For example,
when the SH7729 has released the bus right, the external bus master can be notified that an
external interrupt, an on-chip peripheral module interrupt or a memory refresh request has
occurred, enabling this LSI to request the bus right.
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9.1.2 Block Diagram

Figure 9.1 is a block diagram of the INTC.

i
IRQOUT !
I
_ NMI——> '
IRL3—IRLO —+—~> :
I ——— Input I
IRLS3-IRLS0 —+——F» trol I
[RQORQE ——2n > |
5 g |
PINTO-PINT15 —l—{GL» !
! L} | Interrupt
DMAC _{Interrupt request) - c°”t" request
IrDA (Interrupt request) N parator
r Interrupt request Priority SR
SCIF P >
<Cl (Interrupt request) | identifier m
ADC ((Illn;erruptt requestt)) - cPU
nterrupt reques
MU rterrupt request 4
RTC P = >
Interrupt request
wDT R >
REF (Interrupt request/ N
I refresh request) "
Interrupt request .
H-up| —{nterrupt request) >

o ]| |lre ]

i

IPRA-IPRE
J ) :
2
< Bus ©
interface 8
£
e -NFE -

TMU:  Timer unit
RTC:  Realtime clock unit
SCl:  Serial communication interface
DA Serial communication interface (with IrDA)
SCIF:  Serial communication interface (with FIFO)
WDT:  Walchdog timer
REF:  Refresh requests in the bus state controller
ICR:  Interrupt control register
IPRA-IPRE:  Registers A-E for setting the interrupt proprity levels
SR.  Status register
DMAC:  Direct memory access controller
ADC:  Analog-to-digital converter
H-UDI:  Hitachi user-debugging interface

Figure 9.1 INTC Block Diagram
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9.1.3 Pin Configuration
Table 9.1 lists the INTC pin configuration.

Table 9.1 Pin Configuration

Name Abbreviation 1/O Description
Nonmaskable interrupt input pin NMI | Input of interrupt request signal, which
is honmaskable by SR.IMASK
Interrupt input pins IRQ5-IRQ0/ | Input of interrupt request signals,
IRL3—IRLO which is maskable by SR.IMASK
IRLS3-IRLSO
Port interrupt input pins PINTO-PINT15 | Port input of interrupt request signals,
which is maskable by SR.IMASK
Interrupt request output pin IRQOUT o Output of signal that notifies external

devices that an interrupt source or
memory refresh has occurred
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9.1.4

Register Configuration

The INTC has 12 registers listed in table 9.2.

Table 9.2 Register Configuration

Acces
Name Abbr. R/W Initial Address s Size

Value+'

Interrupt control register O ICRO RW =2 HFFFFFEEO 16
Interrupt control register 1 ICR1 RW H'0000 H'4000010 16
Interrupt control register 2 ICR2 RW H'0000 H'4000012 16
PINT interrupt enable register PINTER RW H'0000 H'4000014 16
Interrupt priority level setting register A IPRA RW H'0000 HFFFFFEE2 16
Interrupt priority level setting register B IPRB RW H'0000 HFFFFFEE4 16
Interrupt priority level setting register C IPRC RW H'0000 H'4000016 16
Interrupt priority level setting register D IPRD R/W H'0000 H'4000018 16
Interrupt priority level setting register E IPRE RW  H'0000 H'400001A 16
Interrupt request register 0 IRRO RW H'00 H'4000004 8
Interrupt request register 1 IRR1 R H'00 H'4000006 8
Interrupt request register 2 IRR2 R H'00 H'4000008 8
Notes: 1. Initialized by a power-on or manual reset.
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9.2 Interrupt Sources

There are five types of interrupt sources: NMI, IRQ, IRL,PINT, and on-chip peripheral modules.
Each interrupt has priority levels (0-16) with 0 the lowest and 16 the highest. Priority level 0
masks an interrupt.

9.2.1 NMI Interrupts

The NMI interrupt has the highest priority level of 16. When the BLMSK bit of the interrupt
control register (ICR1) is 1 or the BL bit of the status register (SR) is 0, NMI interrupts are
accepted when the MAI bit of the ICR1 register is 0. NMI interrupts are edge-detected. In sleep or
standby mode, the interrupt is accepted regardless of the BL. The NMI edge select bit (NMIE) in
the interrupt control register 0 (ICRO) is used to select either the rising or falling edge. When the
NMIE bit of the ICRO register is changed, the NMI interrupt is not detected for 20 cycles after
changing the ICR.NMIE to avoid a false detection of the NMI interrupt. NMI interrupt exception
processing does not affect the interrupt mask level bits (I3—10) in the status register (SR).

When the BLMSK bit of the ICR1 register is set to 1 and only NMI interrupts are accepted, the
SPC register and SSR register are updated by the NMI interrupt handler, making it impossible to
return to the original processing from exception processing initiated prior to the NMI. Use should
therefore be restricted to cases where return is not necessary.

It is possible to wake the chip up from the standby state with an NMI interrupt (except when the
MALI bit of the ICR1 register is set to 1).

9.2.2 1IRQ Interrupt

IRQ interrupts are input by priority from pins IRQO-IRQS5 with a level or an edge. The priority
level can be set by priority setting registers C—D (IPRC-IPRD) in a range from levels 0-15.

To clear IRQ interrupt input with an edge, write O to the corresponding bits in IRRO after reading
1.

When the ICR1 register is rewritten, IRQ interrupts may be mistakenly detected, depending on the
pin states. To prevent this, rewrite the register while interrupts are masked, then release the mask
after clearing the illegal interrupt by writing O to interrupt request register 0 (IRR0).

It is necessary for an edge input interrupt detection to input a pulse width more than two-cycle
width by P clock basis.

The interrupt mask bits (I3-10) of the status register (SR) are not affected by IRQ interrupt
processing.
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Interrupts IRQ4-IRQO can wake the chip up from the standby state when the relevant interrupt
level is higher than [3-10 in the SR register (but only when the RTC 32-kHz oscillator is used).

9.2.3 IRL Interrupts

IRL interrupts are input by level at pins IRL3-IRLO and IRLS3-IRLS0. IRLS3-IRLSO is enabled
when IRQLVL bit and IRLSEN bit in interrupt control register 1 (ICR1) are both 1. The priority
level is the higher level indicated by pins IRL3-IRLO and IRLS3-IRLSO. An IRL3-IRLO/IRLS3-
IRLSO value of 0 (0000) indicates the highest-level interrupt request (interrupt priority level 15). A
value of 15 (1111) indicates no interrupt request (interrupt priority level 0). Figure 9.2 shows an
examples of an IRL interrupt connection. Table 9.3 shows IRL/IRLS pins and interrupt levels.

SH7729
— >
. 4
_
Interrupt —bS Priority = IRL3t0 IRLO
request ————2 | encoder N
E— IRL3 to IRLO
—_—
. 4 —_—
————P]
Interrupt g Priority /| IR[S31t0 RLSO
request ——————pm! encoder E—
—— IRLS3 to IRLSO

Figure 9.2 Example of IRL Interrupt Connection
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Table 9.3 IRL3-IRLO/IRLS3-IRLSO Pins and Interrupt Levels

IRL3/  IRL2/ IRL1/  IRLO/
IRLS3 IRLS2 IRLS1 IRLSO 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 (eature is built in, and the IRL interrupt is not detected unless the levels
sampled at every supporting module cycle remain unchanged for two consecutive cycles, so that no
transient level on the IRL/IRLS pin change is detected. In the standby mode, as the peripheral
clock is stopped, noise cancellation is performed using the 32-kHz clock for the RTC instead.
Therefore when the RTC is not used, interruption by means of IRL interrupts cannot be performed
in standby mode.

The priority level of the IRL interrupt must not be lowered unless the interrupt is accepted and the
interrupt processing starts. However, the priority level can be changed to a higher one.

The interrupt mask bits (I3-I0) in the status register (SR) are not affected by IRL/IRLS interrupt
processing.
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9.2,4 PINT Intcerrupt

PINT interrupts are input by priority from pins PINTO-PINT15 with a level. The priority level
can be set by priority setting registers D (IPRD) in a range from levels 0—15, in the unit of
PINTO-PINT7 or PINT8-PINTI15.

The interrupt mask bits (I3-10) of the status register (SR) are not affected by PINT interrupt
processing.

PINT interrupts can wake the chip up from the standby state when the relevant interrupt level is
higher than 13-I0 in the SR register.

9.2.5 On-Chip Peripheral Module Interrupts
On-chip peripheral module interrupts are generated by the following nine modules:

¢ Timer unit (TMU)

¢ Realtime clock (RTC)

¢ Serial communication interface (SCI, [rDA, SCIF)
¢ Bus state controller (BSC)

¢ Waichdog timer (WDT)

¢ Direct memory access controller (DMAC)

¢ Analog-lo-digital converler (ADC)

¢  User-debugging interface (H-UDI)

Not every interrupt source is assigned a different interrupt vector. Sources are reflected on the
interrupt event register INTEVT and INTEVT?). It is easy to identify sources by using the values
of the INTEVT or INTEVT2 register as branch offsets (in the exception service routine).

The priority level (from 0-15) can be set for each module except for H-UDI by writing to the
interrupt priority setting registers A, B and E (IPRA, IPRB and IPRE). The priority level of H-
UDI interrupt is 15 (fixed).

The interrupt mask bits (I3-10) of the status register are not affected by the on-chip peripheral
module interrupt processing.

TMU and RTC interrupts can wake the chip up from the standby state when the relevant interrupt
level is higher than I3-I0 in the SR register (but only when the RTC 32-kHz oscillator is used).
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9.2.6 Interrupt Exception Processing and Priority

Table 9.4 lists the codes for the interrupt event register (INTEVT and INTEVT?2), and the order of
interrupt priority. BEach interrupt source is assigned unique code. The start address of the interrupt
service routine is common to each interrupt source. This is why, for instance, the value of
INTEVT or INTEVT2 is used as offset at the start of the interrupt service routine and branched to
identify the interrupt source.

The order of priority of the on-chip peripheral module is set within the priority levels 015 at will
by using the interrupt priority level set to registers A—E (IPRA-IPRE). The order of priority of the
on-chip peripheral module is set to zero by RESET.

When the order of priorities for multiple interrupt sources are set to the same level and such
interrupts are generated at the same time, they are processed according to the default order listed in
tables 9.4 and 9.5.
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Table 9.4 Interrupt Exception Handling Sources and Priority (IRQ Mode)

Interrupt Priority
INTEVT Code Priority IPR (Bit within IPR Default
Interrupt Source (INTEVT2 Code) (Initial Numbers) Setting Priorit
Value) Unit y

NMI 0x1C0 (0x1C0) 16 — — High
H-UDI 0x5E0 (0x5E0) 15 — —
IRQ IRQO 0x200-3C0* (0x600) 0-15 (0) IPRC 3-0) —

IRQ1 0x200-3C0* (0x620) 0-15(0) IPRC (7—4) —

IRQ2 0x200-3C0* (0x640) 0-15(0) IPRC (11-8) —

IRQ3 0x200-3C0* (0x660) 0-15 (0) IPRC (15-12) —

IRQ4 0x200-3C0* (0x680) 0-15 (0) IPRD (3-0) —

IRQ5 0x200-3C0" (0Ox6A0) 0-15(0) IPRD (7—4) —
PINT  PINTO-7 0x200-3C0* (0x700) 0-15(0) IPRD (15-12) —

PINT8-15 0x200-3C0* (0x720) 0-15(0) IPRD (11-8) —
DMAC DElo 0x200-3C0* (0x800) 0-15(0) IPRE (15-12) High

DEN 0x200-3C0* (0x820)

DEI2 0x200—-3C0* (0x840)

DEI3 0x200-3C0* (0x860) Low
IrDA ERI1 0x200-3C0* (0x880) 0-15(0) IPRE (11-8) High

RXI1 0x200—-3C0* (0x8A0)

BRI 0x200—-3C0* (0x8C0)

TXH 0x200-3C0* (Ox8EO0) Low
SCIF  ERI2 0x200-3C0* (0x900) 0-15(0) IPRE (7—4)  High

RXI2 0x200-3C0* (0x920)

BRI2 0x200-3C0* (0x940)

TXI2 0x200-3C0* (0x960) Low
ADC  ADI 0x200-3C0* (0x980) 0-15(0) IPRE (3-0) —
TMUO  TUNIO 0x400 (0x400) 0-15(0) IPRA (15-12) —
TMU1  TUNN 0x420 (0x420) 0-15(0) IPRA (11-8) —
TMU2  TUNI2 0x440 (0x440) 0-15(0) IPRA (7—4)  High

TICPI2 0x460 (0x460) Low Low
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Table 9.4 Interrupt Exception Handling Sources and Priority (IRQ Mode)

Interrupt Priority
INTEVT Code Priority IPR (Bit within IPR Default
Interrupt Source (INTEVT2 Code) (Initial Numbers) Setting Priorit
Value) Unit y
RTC ATI 0x480 (0x480) 0-15(0) IPRA (3-0)  High High
PRI 0x4A0 (0x4A0)
CuUl 0x4C0 (0x4C0) Low
SCI0 ERI O0x4EO (0x4EO) 0-15(0) IPRB (7-4)  High
RXI 0x500 (0x500)
TXI 0x520 (0x520)
TEI 0x540 (0x540) Low
WDT ITI 0x560 (0x560) 0-15(0) IPRB (15-12) —
REF  RCMI 0x580 (0x580) 0-15 (0) IPRB (11-8) High
ROVI 0x5A0 (0x5A0) Low Low
Note: * The code corresponding to an interrupt level shown in table 9.6 is set.
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Table 9.5 Interrupt Exception Handling Sources and Priority (IRL Mode)

Interrupt Priority
INTEVT Code Priority IPR (Bit within IPR Defaul
Interrupt Source (INTEVT2 Code) (Initial Numbers) Setting t
Value) Unit Priorit
y

NMI 0x1CO (0x1CO0) 16 — — High
H-UDI O0x5E0 (0x5EO0) 15 — —
IRL IRL(3:0) * = 0000 0x200 (0x200) 15 — —

IRL(3.0)® = 0001 0x220 (0x220) 14 — —

IRL(3:0) ? = 0010 0x240 (0x240) 13 — —

IRL(3:0) = 0011 0x260 (0x260) 12 — —

IRL(3:0) ® = 0100 0x280 (0x280) 11 — —

IRL(3:0) = 0101 0x2A0 (0x2A0) 10 — —

IRL(3:0) = 0110 0x2CO0 (0x2CO0) 9 — —

IRL(3.0) = 0111 Ox2EO (0x2EO0) 8 — —

IRL(3:0) © = 1000 0x300 (0x300) 7 — —

IRL{3:0) * = 1001 0x320 (0x320) 6 — —

IRL(3:0) ® = 1010 0x340 (0x340) 5 — —

IRL(3:0) * = 1011 0x360 (0x360) 4 — —

IRL(3:0) * = 1100 0x380 (0x380) 3 — —

IRL(3.0) * = 1101 Ox3A0 (0x3A0) 2 — —

IRL(3:0) ® = 1110 0x3CO (0x3C0) 1 — —
IRQ IRQ4 0x200-3C0*' (0x680) 0-15 (0) IPRD (3-0) —

IRQ5 0x200-3C0*' (0x6A0) 0-15 (0) IPRD (74) —
PINT PINTO-7 0x200-3C0*' (0x700) 0-15 (0) IPRD (15-12) —

PINT8-15 0x200-3C0*' (0x720) 0-15 (0) IPRD (11-8) —
DMAC DEI0 0x200-3C0*' (0x800) 0-15 (0) IPRE (15-12) High

DEN 0x200-3C0*' (0x820)

DEI2 0x200-3C0*' (0x840)

DEI3 0x200-3C0*' (0x860) Low
IrDA  ERN 0x200-3C0*' (0x880) 0-15 (0) IPRE (11-8) High

RXI1 0x200-3C0*' (0x8A0)

BRI 0x200-3C0*' (0x8C0)

TXI 0x200-3C0*' (0x8E0) Low Low
198

HITACHI



Table 9.5 Interrupt Exception Handling Sources and Priority (IRL Mode)

(cont)
Interrupt Priority
INTEVT Code Priority IPR (Bit within IPR Defaul
Interrupt Source (INTEVT2 Code) (Initial Numbers) Setting t
Value) Unit Priorit
y
SCIF  ERI2 0x200-3C0*" (0x900) 0—15 (0) IPRE (7—4) High High
RXI2 0x200-3C0*" (0x920)
BRI2 0x200-3C0*" (0x940)
TXI2 0x200-3C0*" (0x960) Low
ADC  ADI 0x200-3C0*' (0x980) 0—15 (0) IPRE (3-0) —
TMUC  TUNIO 0x400 (0x400) 0-15 (0) IPRA (15-12) —
TMU1  TUNN 0x420 (0x420) 0-15 (0) IPRA (11-8) —
TMU2  TUNI2 0x440 (0x440) 0-15 (0) IPRA (7—4)  High
TICPI2 0x460 (0x460) Low
RTC ATI 0x480 (0x480) 0-15 (0) IPRA (3-0) High
PRI 0x4A0 (0x4A0)
Cul 0x4C0 (0x4C0) Low
SCI0  ERI Ox4E0 (0x4E0) 0-15 (0) IPRB (7—4)  High
RXI 0x500 (0x500)
TXI 0x520 (0x520)
TEI 0x540 (0x540) Low
WDT  ITI 0x560 (0x560) 0-15 (0) IPRB (15-12) —
REF RCMI 0x580 (0x580) 0-15 (0) IPRB (11-8) High
ROVI 0x5A0 (0x5A0) Low Low

Notes: 1. The code corresponding to an interrupt level shown in table 9.6 is set.
2. When IRLS3-IRLSO0 are enabled, IRL is higher level of IRL3—IRLO and IRLS3—-IRLSO.
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Table 9.6 Interrupt Level and INTEVT Code

Interrupt level

INTEVT Code

15

H200

14

H220

13

H240

12

H’260

11

-
o

H’280
H'2A0

H’2COo

H’2EO0

H’300

H’320

H’340

H’360

H’380

H’3A0

N W RO O ||| ©

H’3C0

200

HITACHI



9.3 INTC Registers

9.3.1 Interrupt Priority Registers A to E (IPRA-IPRE)

Interrupt priority registers A to E (IPRA to IPRE) are 16-bit read/write registers that set priority
levels from O to 15 for on-chip peripheral module interrupts. These registers are initialized to
H'0000 at power-on reset, manual reset, or in hardware standby mode, but is not initialized in
standby mode.

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

RW: RW RW RW RW RW RW RW RW

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

RW: RMW RW RW RW RW RW RW RW

Table 9.7 lists the relationship between the interrupt sources and the IPRA and TPRE bits.

Table 9.7 Interrupt Request Sources and IPRA-IPRE

Register Bits 15 to 12 Bits 11 to 8 Bits 7 to 4 Bits 3 to 0
IPRA ™UO TMU1 ™U2 RTC

IPRB WDT REF SCIo Reserved*
IPRC IRQ3 IRQ2 IRQ1 IRQO

IPRD PINTO to PINT7 PINT8 to PINT15 IRQ5 IRQ4

IPRE DMAC IrDA SCIF ADC

Note: * Always read as 0. Only 0 should be written in.

As listed in table 9.7, four sets of on-chip peripheral modules are assigned to each register. 4-bit
groups (bits 15 to 12, bits 11 1o 8, bits 7 to 4, and bits 3 to 0) are set with values from H'0
(0000) to HF (1111). Setting H'0 means priority level 0 (masking is requested); H'F is priority
level 15 (the highest level). A reset initializes IPRA-IPRE to H'0000.

H'0 should be set into bits corresponding to an unused interrupt.
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9.3.2 Interrupt Control Register 0 (ICRO0)

The ICRO is a 16-bit register that sets the input signal detection mode of the external interrupt
input pin NMI and indicates the input signal level to the NMI pin. This register is initialized to
H'0000 at power-on reset or manual reset, but is not initialized in standby mode.

Bit: 15 14 13 12 11 10 9 8
Bit name: NMIL — — — — — — NMIE
Initial value: 0/1* 0 0 0 0 0 0 0
R/W: R — — — — — — RW
Bit: 7 6 5 4 3 2 1 0
Bit name: — — — — — — — —
Initial value: 0 0 0 0 0 0 0 0
R/W: — — — — — — — —

Note: * When NMl input is high: 1; when NMI input is low: 0.
Bit 15—NMI Input Level (NMIL): Sets the level of the signal input at the NMI pin. This
bit can be read to determine the NMI pin level. This bit cannot be modified.

Bit 15: NMIL Description
0 NMI input level is low

1 NMI input level is high

Bit 8—NMI Edge Select (NMIE): Selects whether the falling or rising edge of the interrupt
request signal (o the NMI is detecled.

Bit 8: NMIE Description
0 Interrupt request is detected on the falling edge of NMI input

1 Interrupt request is detected on rising edge of NMI input

Bits 14-9 and 7-0—Reserved: Writing is invalid. Always read as 0.
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9.3.3 Interrupt Control Register 1 (ICR1)

The ICR1 is a 16-bit register that specifies the detection mode to external interrupt input pins,
TRQO to IRQS individually: rising edge, falling edge, or low level. This register, initialized to
H'4000 at power-on reset or manual reset, is not initialized in the standby mode. Bits 15 and 13
must be cleared. Write 1 to these bits is inhibited.

Bit: 15 14 13 12 11 10 9 8
Bit name: MAI IRQLVL BLMSK IRLSEN IRQ51S IRQ50S IRQ41S IRQ40S
Initial value: 0 1 0 0 0 0 0 0
R/W: RW RW RW RW RW RW RW RW
Bit: 7 6 5 4 3 2 1 0
Bit name: IRQ31S IRQ30S IRQ21S [|RQ20S [IRQ11S IRQ10S [RQO01S [RQO0S
Initial value: 0 0 0 0 0 0 0 0

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

Bit 15—Mask All Interrupts (MAI): Masks NMI interrupts when set to 1. Also selects
whether or not all interrupt requests are masked when a low level is being input to the NMI pin.

Bit 15: MAlI Description
0 All interrupt requests are not masked (Initial value)

1 All interrupt requests are masked

Bit 14—Interrupt Request Level Detect (IRQLVL): Selects whether the TRQ3-IRQO
pins are used as [our independent interrupt pins or as 15-level interrupt pins encoded asIRL3-
IRLO.

Bit 14: Description

IRQLVL

0 Used as four independent interrupt request pins IRQ3-IRQO

1 Used as encoded 15-level interrupt pins as IRL3—-IRLO (Initial value)

Bit 13—BL Bit Mask (BLMSK): Specifies whether NMI interrupts are masked when the
BL bit of the SR register is 1.
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Bit 13: Description

BLMSK
0 NMI interrupts are masked when the BL bit is 1 (Initial value)
1 NMI interrupts are accepted regardless of the BL bit setting

Bit 12—IRLS Enable (IRLSEN): Enable IRLS3-IRLSO pins. This bit is effective only
when IRQLVL bit is 1.

Bit 12: Description

IRLSEN

0 Disable IRLS3—-IRLS0 pins (Initial value)
1 Enable IRLS3-IRLSO pins

Bits 11 and 10—IRQS Sense Select (IRQS51S and IRQS50S): Select whether the
interrupt signal to the IRQS pin is detected at the rising edge, at the falling edge, or at low level.

Bit 11: Bit 10: Description
IRQ51S IRQ50S
0 0 An interrupt request is detected at IRQ5 input falling edge
(Initial value)
1 An interrupt request is detected at IRQ5 input rising edge
1 0 An interrupt request is detected at IRQS5 input low level
1 Reserved

Bits 9 and 8—IRQ4 Sense Select (IRQ41S and IRQ40S): Select whether the interrupt
signal to the IRQ4 pin is detected at the rising edge, at the falling edge, or at low level.

Bit 9: IRQ41SBit 8: IRQ40S Description

0 0 An interrupt request is detected at IRQ4 input falling edge
(Initial value)
1 An interrupt request is detected at IRQ4 input rising edge
1 0 An interrupt request is detected at IRQ4 input low level
1 Reserved

Bits 7 and 6—IRQ3 Sense Select (IRQ31S and IRQ30S): Select whether the interrupt
signal to the IRQ3 pin is detected at the rising edge, at the falling edge, or at low level.
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Bit 7: IRQ31SBit 6: IRQ30S Description

0 0 An interrupt request is detected at IRQ3 input falling edge
(Initial value)
1 An interrupt request is detected at IRQ3 input rising edge
1 0 An interrupt request is detected at IRQ3 input low level
1 Reserved

Bits 5 and 4—IRQ2 Sense Select (IRQ21S and TRQ20S): Select whether the interrupt
signal to the IRQ2 pin is detected at the rising edge, at the falling edge, or at low level.

Bit 5: IRQ21SBit 4: IRQ20S Description

0 0 An interrupt request is detected at IRQ2 input falling edge
(Initial value)
1 An interrupt request is detected at IRQ2 input rising edge
1 0 An interrupt request is detected at IRQ2 input low level
1 Reserved

Bits 3 and 2—IRQ1 Sense Select (IRQ11S and IRQ10S): Select whether the interrupt
signal to the TRQ1 pin is detected at the rising edge, at the falling edge, or at low level.
Blt 3: IRQ11SBIt 2: IRQ10S Description

0 0 An interrupt request is detected at IRQ1 input falling edge
(Initial value)

1 An interrupt request is detected at IRQ1 input rising edge
1 0 An interrupt request is detected at IRQ1 input low level
1 Reserved

Bits 1 and 0—IRQ0 Sense Select (IRQO01S and IRQO00S): Select whether the interrupt
signal to the IRQO pin is detected at the rising edge, at the falling edge, or at low level.

Bit 1: IRQO1SBit 0: IRQ00S Description

0 0 An interrupt request is detected at IRQO input falling edge
(Initial value)

1 An interrupt request is detected at IRQO input rising edge
1 0 An interrupt request is detected at IRQO input low level
1 Reserved
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9.3.4 Interrupt Control Register 2 (ICR2)

The ICR2 is a 16-bit read/write register that sets the detection mode to external interrupt input pins
PINTO to PINT15. This register is initialized to H'0000 at power-on reset or manual reset, but is
not initialized in software standby mode.

Bit: 15 14 13 12 11 10 9 8
Bit name: PINT15S PINT14S PINT13S PINT14S PINT11S PINT10S PINT9S PINT8S
Initial value: 0 0 0 0 0 0 0 0

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

Bit: 7 6 5 4 3 2 1 0
Bit name: PINT7S PINT6S PINT5S PINT4S PINT3S PINT2S PINT1S PINT0S
Initial value: 0 0 0 0 0 0 0 0

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

Bits 15-0—PINT15 to PINTO Sense Select (PINT15S to PINTOS): Select whether
interrupt request signals to PINT15 to PINTO are detected at low levels or high levels.

Bits 15-0:
PINT15S to PINTOS Description
0 Interrupt requests are detected at low level input to the PINT pins
(Initial value)
1 Interrupt requests are detected at high level input to the PINT pins
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9.3.5 PINT Interrupt Enable Register (PINTER)

The PINTER is a 16-bit read/write register that enables interrupt requests input to external
interrupt input pins PINTO to PINT15. This register is initialized to H'0000 at power-on reset or
manual reset, but is not initialized in standby mode.

Bit: 15 14 13 12 11 10 9 8
Bit name: PINT15E PINT14E PINT13E PINT12E PINT11E PINT10E PINT9E PINT8E
Initial value: 0 0 0 0 0 0 0 0

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

Bit: 7 6 5 4 3 2 1 0
Bitname: PINT7E PINT6E PINTS5E PINT4E PINT3E PINT2E PINT1E PINTOE
Initial value: 0 0 0 0 0 0 0 0

R/W: RMW RW RW RwW RwW RW RW RW

Bits 15-0—PINT15 to PINTO Interrupt Enable (PINT1SE to PINTOE): Enable
whether the interrupt requests input to the PINT15 to PINTO pins.

Bits 15-0:

PINT15E to PINTOE Description

0 Disables PINT input interrupt requests (Initial value)
1 Enables PINT input interrupt requests

When all or some of these pins, PINTO-PINT 15 are not used as an interrupt input, a bit
corresponding to a pin unused as an interrupt request should be set to 0.
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9.3.6 Interrupt Request Register 0 (IRRO0)

The IRRO is an §-bit register that indicates interrupt requests from external input pins IRQO to
IRQ5 and PINTO to PINT15. This register is initialized to H'00 at power-on reset or manual reset,
but is not initialized in standby mode.

Bit: 7 6 5 4 3 2 1 0
Bitname: PINTOR PINTIR IRQ5R IRQ4R IRQ3R IRQ2R IRQ1R IRQOR
Initial value: 0 0 0 0 0 0 0 0
R/W: R R RW RW RW RW RW RW

When clearing IRQSR-IRQOR bit to 0, 0 should be writien to the bit after the bit is set to 1 and
the contents of 1 are read. Only 0 can be written to IRQSR-IRQOR.

Bit 7—PINTO0 to PINT7 Interrupt Request (PINTOR): Indicates whether interrupt
requests are input to PINTO to PINT7 pins.

Bit 7: PINTOR Description

0 Interrupt requests are not input to PINTO to PINT7 pins (Initial value)

1 Interrupt requests are input to PINTO to PINT7 pins.

Bit 6—PINT8 to PINT1S Interrupt Request (PINT1R): Indicates whether interrupt
requests are input to PINT8 to PINT 15 pins.

Bit 6: PINT1R Description

0 Interrupt requests are not input to PINT8 to PINT15 pins (Initial value)

1 Interrupt requests are input to PINT8 to PINT15 pins.

Bit 5—IRQS Interrupt Request (IRQSR): Indicates whether an interrupt request is input
to the TRQS pin. When edge detection mode is set for IRQS, an interrupt request is cleared by
clearing the IRQS5R bit.

Bit 5: IRQ5R Description

0 An interrupt request is hot input to IRQ5 pin (Initial value)
1 An interrupt request is input to IRQ5 pin
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Bit 4—IRQ4 Interrupt Request (IRQ4R): Indicates whether an interrupt request is input
to the IRQ4 pin. When edge detection mode is set for IRQ4, an interrupt request is cleared by
clearing the IRQ4R bit.

Bit 4: IRQ4R Description

0 An interrupt request is not input to IRQ4 pin (Initial value)

1 An interrupt request is input to IRQ4 pin

Bit 3—IRQ3 Interrupt Request (IRQ3R): Indicates whether an interrupt request is input
to the IRQ3 pin. When edge detection mode is set for IRQ3, an interrupt request is cleared by
clearing the TRQ3R bit.

Bit 3: IRQ3R Description

0 An interrupt request is not input to IRQ3 pin (Initial value)

1 An interrupt request is input to IRQ3 pin

Bit 2—IRQ2 Interrupt Request (IRQ2R): Indicates whether an interrupt request is input to
the TRQ2 pin. When edge detection mode is set for IRQ2, an interrupt request is cleared by clearing
the IRQ2R bit.

Bit 2: IRQ2R Description

0 An interrupt request is not input to IRQ2 pin (Initial value)

1 An interrupt request is input to IRQ2 pin

Bit 1—IRQ1 Interrupt Request (IRQ1R): Indicates whether an interrupt request is input to
the IRQ1 pin. When edge detection mode is set for IRQ1, an interrupt request is cleared by clearing
the IRQIR bit.

Bit 1: IRQ1R Description

0 An interrupt request is not input to IRQ1 pin (Initial value)

1 An interrupt request is input to IRQ1 pin

Bit 0—IRQO0 Interrupt Request (IRQOR): Indicates whether an interrupt request is input to
the IRQO pin. When edge detection mode is set for IRQO, an interrupt request is cleared by clearing
the IRQOR bit.

Bit 0: IRQOR Description

0 An interrupt request is not input to IRQO pin (Initial value)

1 An interrupt request is input to IRQO pin
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9.3.7 Interrupt Request Register 1 (IRR1)

The IRR1 is an 8-bit read-only register that indicates whether DMAC or IrDA interrupt requests are
generated. This register is initialized to H'O0 at power-on reset or manual reset, but is not
initialized in software mode.

Bit: 7 6 5 4 3 2 1 0

Bitname: TXHHR BRIHR RXIHR ERHR DEI3BR DEI2R DEIHR DEIOR
Initial value: 0 0 0 0 0 0 0 0
R/W: R R R R R R R R

Bit 7—TXI1 Interrupt Request (TXI1R): Indicates whether a TXI1 (IrDA) interrupt
request is generated.

Bit 7: TXH Description

0 A TXIH interrupt request is not generated (Initial value)

1 A TXI1 interrupt request is generated

Bit 6—BRI1 interrupt request (BRIIR): Indicates whether a BRI1 (IrDA) interrupt request is
generated.

Bit 6: BRI1TR Description

0 A BRI interrupt request is not generated (Initial value)

1 A BRI interrupt request is generated

Bit 5—RXI1 interrupt request (RXI1R): Indicates whether an RXI1 (IrDA) interrupt
request is generated.

Bit 5: RXI1R Description

0 An RXI1 interrupt request is not generated (Initial value)

1 An RXI1 interrupt request is generated

Bit 4—ERI1 Interrupt Request (ERI1R): Indicates whether an ERI1 (IrDA) interrupt
request is generated.

Bit 4: ERI1R Description

0 An ERI1 interrupt request is not generated (Initial value)
1 An ERI interrupt request is generated
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Bit 3—DEI3 Interrupt Request (DEI3R): Indicates whether a DEI3 (DMAC) interrupt
request is generated.

Bit 3: DEI3R Description
0 A DEI3 interrupt request is not generated (Initial value)
1 A DEIS interrupt request is generated

Bit 2—DEI2 Interrupt Request (DEI2R): Indicates whether a DEI2 (DMAC) interrupt
request is generated.

Bit 2: DEI2R Description
0 A DEI2 interrupt request is not generated (Initial value)
1 A DEI2 interrupt request is generated

Bit 1—DEI1 Interrupt Request (DEI1R): Indicates whether a DEI1 (DMAC) interrupt
request is gencrated.

Bit 1: DEI1R Description
0 A DEH interrupt request is not generated (Initial value)
1 A DEHN interrupt request is generated

Bit 0—DEI0 Interrupt Request (DEIOR): Indicates whether a DEI0 (DMAC) interrupt
request is generated.

Bit 0: DEIOR Description
0 A DEIO interrupt request is not generated (Initial value)
1 A DEIO interrupt request is generated

9.3.8 Interrupt Request Register 2 (IRR2)

The IRR?2 is an 8-bit read-only register that indicates whether A/D converter, or SCIF interrupt
requests are generated. This register is initialized to H'00 at power-on reset, manual reset, or in
hardware standby mode, but is not initialized in soltware standby mode.

Bit: 7 6 5 4 3 2 1 0
Bit name: — — — ADIR TXI2R BRI2R RXI2R ERI2R
Initial value: 0 0 0 0 0 0 0 0
R/W: — — — R R R R R
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Bits 7 to S—Reserved Bits: Writing is invalid. Always read as 0.

Bit 4—ADI Interrupt Request (ADIR): Indicates whether an ADI (ADC) interrupt request
is generated.

Bit 4: ADIR Descriptlion
0 An ADI interrupt request is not generated (Initial value)
1 An ADI interrupt request is generated

Bit 3—TXI2 Interrupt Request (TXI2R): Indicates whether a TXI2 (SCIF) interrupt
request is generaled.

Bit 3: TXI2R Description
0 A TXI2 interrupt request is not generated (Initial value)
1 A TXI2 interrupt request is generated

Bit 2—BRI2 Interrupt Request (BRI2R): Indicates whether a BRI2 (SCIF) interrupt
request is generated.

Bit 2: BRI2R Description
0 A BRI2 interrupt request is not generated (Initial value)
1 A BRI2 interrupt request is generated

Bit 1—RXI12 Interrupt Request (RXI2R): Indicates whether an RXI2 (SCIF) interrupt
request is generated.

Bit 1: RXI2R Description
0 An RXI2 interrupt request is hot generated (Initial value)
1 An RXI2 interrupt request is generated

Bit 0—ERI2 Interrupt Request (ERI2R): Indicates whether an ERI2 (SCIF) interrupt
request is generated.

Bit 0: ERI2R Description

0 An ERI2 interrupt request is not generated (Initial value)
1 An ERI2 interrupt request is generated
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9.4 INTC Operation

9.4.1 Interrupt Sequence

The sequence of interrupt operations is cxplained below. Figure 9.3 is a flowchart of the
operations.

1.
2.

© w0 ow

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

The interrupt controller selects the highest priority interrupt from the interrupt requests sent,
following the priority levels set in interrupt priority registers A to E (IPRA to IPRE). Lower
priority interrupts are held pending. If two of these interrupts have the same priority level or if
multiple interrupts occur within a single module, the interrupt with the highest default priority
or the highest priority within its TPR setting unit (as indicated in table 9.4) is selected.

. The priority level of the interrupt selected by the interrupt controller is compared with the

interrupt mask bits (I3-10) in the status register (SR) of the CPU. If the request priority level
is higher than the level in bits 13-10, the interrupt controller accepts the interrupt and sends an
interrupt request signal to the CPU.

When the interrupt controller receives an interrupt, a low level is output from the IRQOUT
pin.

The CPU receives an interrupt at a break in instructions.

The interrupt source code is set in the interrupt event registers INTEVT and INTEVT?2),

The status register (SR) and program counter (PC) are saved to SSR and SPC, respectively.
The block bit (BL), mode bit (MD), and register bank bit (RB) in SR are set to 1.

The CPU jumps to the start address of the interrupt handler (the sum of the value set in the
vector base register (VBR) and H'00000600). The interrupt handler may branch with the
INTEVT register value as its offset in order to identify the interrupt source. This enables it to
branch to the processing routine for the individual interrupt source.

Notes: 1. The interrupt mask bits (I3-I0) in the status register (SR) are not changed by acceptance

of an interrupt in the SH7729.

2. TRQOUT outputs a low 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 bit.

3. The interrupt source flag should be cleared in the interrupt handler. To ensure that an
interrupt request that should have been cleared is not inadvertently accepted again, read
the interrupt source flag after it has been cleared, then wait for the interval shown in
table 9.8 (Time for priority decision and SR mask bit comparison) before clearing the
BL bit or executing an RTE instruction.
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v 7
Program
execution state

Interrupt
generated?

(SR. BL
= 0) or (sleep
or standby
mode)?

Yes Level 15
interrupt?
Level 14 No
interrupt?
Yes 13-10 level P
14 or lower?
< Level 1
v interrupt?
13-10 level
IRQOUT = low 13 or lower?
v
Setinterruptcausein L | v ______| ___= 13-10

INTEVT, INTEVT2 level 0?

) No
Save SR to SSR;
save PC to SPC

v
Set BLMD/RB
bits in SR to 1
v
Branch to exception
handler
[ A 4 h 4

13-10: Interrupt mask bits in status register (SR)

Figure 9.3 Interrupt Operation Flowchart
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9.4,2 Multiple Interrupts

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

1.

AN

Branch to a specific interrupt handler corresponding to a code sct in INTEVT and INTEVT2.
The code in INTEVT and 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 the memory.

Clear the BL bit in SR, and set the accepted interrupt level in the interrupt mask bits in SR.
Handle the interrupt.

Execute the RTE instruction.

When these procedures arc followed in order, an interrupt of higher priority than the onc being
handled can be accepted after clearing BL in step 4. Figure 9.3 shows a sample interrupt operation
flowchart.

9.5 Interrupt Response Time

The time from generation of an interrupt request until interrupt exception processing is performed
and fetching of the first instruction of the exception handler is started (the interrupt response time)
is shown in table 9.8. Figure 9.4 shows an example of pipeline operation when an IRL interrupt
is accepted. When SR.BL is 1, interrupt exception processing is masked, and is kept waiting until
completion of an instruction that clcars BL to 0.
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Table 9.8 Interrupt Response Time

Number of States

Peripheral
Item NMI IRQ PINT Modules Notes

Time for priority 05xlcyc 05xlcyc 05xlcyc 0.5 x leyc
decision and SR +0.5xBeyc + 1xBeyc+ +3.5x Pcyc + 1.5 x Pcyc*®

mask bit + 0.5 x Pcyc 4.5x Pcyc**
comparison 0.5 x lcyc 0.5 x lcyc

+1xBeyc + + 3 x Peyc*”

+25x%

Pcyc*®
Waittime untilend X (20) x IlcycX (= 0) X Icyc X (> 0) x lcycX (= 0) X Icyc Interrupt exception
of sequence being processing is kept
executed by CPU 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 setto 1 by
instruction execution
or by an exception,
interrupt exception
processing is deferred
until completion of an
instruction that clears
BL to 0. If the following
instruction masks
interrupt exception
processing, the
processing may be
further deferred.

Time from interrupt 5 x lcyc 5% leye 5% leyc 5 x Icyc
exception

processing (save

of SR and PC) until

fetch of first

instruction of

exception handler

is started
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Table 9.8 Interrupt Response Time (cont)

Number of States

Peripheral
Item NMI IRQ PINT Modules Notes
Response Total (5.5 + X) (5.5 + X) (5.5 + X) (5.5 + X)
time x lcyc x leyc % lcyc x lcyc
+0.5xBcyc +1xBeyc+ +1.5x% + 1.5 x Pcyc*®

+ 0.5 x Pcyc 2.5 x Pcyc*® Pcyc*®

G5+X) (5+X)  (55+X)

% leye % leye % leye
+ 3 x Pcyc*® + 3 x Peyc*” + 3 x Pcyc*”
Minimum 7.5 16.5 12.5 8.5%/11.5%" At 60-MHz (CKIO =
case*2 30) operation:
0.13-0.28 s
Maximum 7+S 265+S 185+S 10.5 + S*° At 60-MHz (CKIO =
case*3 16.5 + S*7 15) operation:

0.26-0.56 ps (in
case of operand
cache-hit)

At 60-MHz (CKIO
15) operation:
0.29-0.59 us (when
external memory
access is performed

with wait = 0)
Icyc: Duration of one cycle of internal clock supplied to CPU.
Bceyc: Duration of one CKIO cycle.
Pcyc: Duration of one cycle of peripheral clock supplied to peripheral modules.

Notes: *1.S also includes the memory access wait time.

The processing requiring the maximum execution time is LDC.L @Rm+, SR. When the
memotry access is a cache-hit, this requires seven instruction execution cycles. When
the external access is performed, the corresponding number of cycles must be added.
There are also instructions that perform two external memory accesses; if the external
memory access is slow, the number of instruction execution cycles will increase

accordingly.
#2_The internal clock: CKIO: peripheral clock ratio is 2: 1: 1.
#3.The internal clock: CKIO: peripheral clock ratio is 4: 1: 1.
*4.IRQ mode
*5.IRL mode
*6.Modules: TMU, RTC, SCI, WDT, REFC
*7.Modules: DMAGC, ADC, IrDA, SCIF

HITACHI
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IRL

Instruction (instruction ;
replaced by interrupt | IF I ID | EX | EX | EX ‘ EX
exception processing) '

Overrun fetch IF

Interrupt Start of interrupt
acceptance processing

0.5 x Ieye
+ 0.5 x Beye

+ 2 x Peyc

5 x leyc
e |

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 9.4 Example of Pipeline Operations when IRL Interrupt is Accepted
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Section 10 User Break Controller

10.1 Overview

The user break controller (UBC) provides functions that simplily program debugging. Break
conditions are set in the UBC and a user break is generated according to the conditions of the bus
cycle generated by the CPU or on-chip DMAC. The breakpoint check function monitors
instruction fetches and operand read/writes, generating a variable combination of pre-execution
instruction fetch, post-execution instruction fetch, and post-execution operand access breakpoint
traps under designated read/write conditions.

This function makes it easy to design an effective self-monitoring debugger, enabling the chip to
debug programs without using an in-circuit emulator.

10.1.1 Features
The user break controller has the following (eatures:

¢ The following break comparison conditions can be set.

Number of break channels: two channels (channels A and B)

User break can be requested as either the independent or sequential condition on channels A and
B (sequential break setting: channel A and, then channel B match with logical AND, but not in
the same bus cycle).

— Address (Compares 40 bits comprised of a 32-bit logical address prefixed with an ASID
address

Comparison bits are maskable in 32-bit units, user can easily program it to mask addresses
at bottom 12 bits (4-k page), bottom 10 bits (1-k page), or any size of page, etc.
The 8-bit ASID checking is from MMU control to indicate hit or not hit.)
One of four address buses (CPU address bus (LAB), cache address bus (IAB),
X-memory address bus (XAB) and Y-memory address bus (YAB)) can be selected.
— Data (only on channel B, 32-bit maskable)

One of the four data buses (CPU data bus (LDB), cache data bus (IDB), X-memory data bus
(XDB) and Y-memory data bus (YDB)) can be selected.

— Bus master: CPU cycle or DMAC cycle
— Bus cycle: instruction fetch or data access
— Read/write

— Operand size: byte, word, or longword

e User break is generated upon satisfying break conditions. A user-designed user-break condition
exception processing routine can be run.
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¢ In an instruction fetch cycle, it can be selected that a break is set before or after an instruction
1s executed.

¢ Breaks can be specified for on-chip I/O accesses or LDTLB instruction execution in ASE mode.
¢ The number of repeat times can be specified as a break condition. (It is only for channel B)

e Maximum repeat times for the break condition: 2> — 1 times.

¢ Eight pairs of branch source/destination buffers.
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10.1.2 Block Diagram

A XABYAB
Control A AB LAB MDB
A A A

Access
comparator

Y

Y

ASID ~

comparator BASRA

- Channel A

Access
comparator

\

Yy

Y

ASID ‘

comparator <—-<—BASRB >

i

Channel B

PC Trace

vy

» CONTROL

v Y
LDB/IDB/ User break request

XDB/YDB CPU state
signals

UBC Location [ ] CCN Location

Figure 10.1  Block Diagram of User Break Controller
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10.1.3 Register Configuration

Table 10.1Register Configuration

Initial Access

Name Abbr. R/W Value*' Address Slze Locatlon Sectlo
n

Break address BARA RW  H'00000000 HFFFFFFBO Word/long UBC 10.2.1
register A
Break address BAMRA R/W  H'00000000 HFFFFFFB4 Word/long UBC 10.2.2
mask register A
Break bus cycle BBRA RW  H'0000 HFFFFFFB8 Word uBC 10.2.3
register A
Break address BARB R/W  H'00000000 HFFFFFFA0O Word/long UBC 10.2.4
register B
Break address BAMRB R/W  H'00000000 HFFFFFFA4 Word/long UBC 10.2.5
mask register B
Break bus cycle BBRB RW  H'0000 HFFFFFFA8 Word uBC 10.2.6
register B
Break data BDRB RW  H'00000000 HFFFFFF90 Word/long UBC 10.2.7
register B
Break data mask BDMRB R/W  H'00000000 HFFFFFF94 Word/long UBC 10.2.8
register B
Break control BRCR RW  H'00000000 HFFFFFF98 Word/long UBC 10.2.9
register
Execution count BETR R/W  H'0000 HFFFFFFOC  Word uBcC 10.2.10
break register
Branch source BRSR R Undefined*2 HFFFFFFAC Word/long UBC 10.2.11
register
Branch BRDR R Undefined*2 HFFFFFFBC Word/long UBC 10.2.12
destination
register
Break ASID BASRA R/W  Undefined HFFFFFFE4 Byte CCN 10.2.13
register A
Break ASID BASRB R/W  Undefined HFFFFFFE8 Byte CCN 10.2.14
register B
Notes: 1. Initialized by power-on reset. Values held in standby state and undefined by manual

resets.

2. Bit 31 of BRSR and BRDR (valid flag) is initialized by power-on resets. But other bits are
not initialized.
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10.2 Register Descriptions

10.2.1 Break Address Register A (BARA)

Bit:

BARA:

Initial value:
R/W:

Bit:

BARA:

Initial value:
R/W:

Bit:

BARA:

Initial value:
R/W:

Bit:

BARA:

Initial value:
R/W:

31 30 29 28 27 26 25 24
BAA31 BAA30 BAA29 BAA28 BAA27 BAA26 BAA25 BAA24
0 0 0 0 0 0 0 0

RW RW RW RW RW RW RW RW
23 22 21 20 19 18 17 16
BAA23 BAA22 BAA21 BAA20 BAA19 BAA18 BAA17 BAA16
0 0 0 0 0 0 0 0

RW RW RW RW RW RW RW RW
15 14 13 12 11 10 9 8
BAA15 BAA14 BAA13 BAA12 BAA11 BAA10 BAA9 BAAS8
0 0 0 0 0 0 (0] (0]

RW RW RW RW RW RW RW RW

7 6 5 4 3 2 1 0
BAAY BAA6  BAA5 BAA4  BAA3 BAA2 BAA1 BAAO
0 0 0 0 0 0 0 0

RW RW RW RW RW RW RW RW

BARA is a 32-bit read/write register. BARA specifies the address used as a break condition in
channel A. A power-on reset initializes BARA to H'00000000.

BARA—Break Address A31-A0 (BAA31-BAAO0): Storcs the address on the LAB or TAB

specifying break conditions of channel A.

HITACHI
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10.2.2 Break Address Mask Register A (BAMRA)

Bit: 31 30 29 28 27 26 25 24

BAMRA: BAMA31 BAMA30 BAMA29 BAMA28 BAMA27 BAMA26 BAMA25 BAMA24
Initial value: 0 0 0 0 0 0 0 0

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

Bit: 23 22 21 20 19 18 17 16

BAMRA: BAMA23 BAMA22 BAMA21 BAMA20 BAMA19 BAMA18 BAMA17 BAMA16
Initial value: 0 0 0 0 0 0 0 0

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

Bit: 15 14 13 12 11 10 9 8

BAMRA: BAMA15 BAMA14 BAMA13 BAMA12 BAMA11 BAMA10 BAMA9 BAMAS
Initial value: 0 0 0 0 0 0 0 0

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

Bit: 7 6 5 4 3 2 1 0

BAMRA: BAMA7 BAMA6 BAMA5 BAMA4 BAMA3 BAMA2 BAMA1 BAMAO
Initial value: 0 0 0 0 0 0 0 0

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

BAMRA is a 32-bit read/write register. BAMRA specifies bits masked in the break address
specilied by BARA. A power-on resel inilializes BAMRA (o0 H'00000000.

BAMRA—Break Address Mask Register A31-A0 (BAMA31-BAMAO): Specifies
bits masked in the channel A break address bits specified by BARA (BAA31-BAAOQ).

Bits 31 to O:
BAMAN Description
0 Break address bit BAAn of channel A is included in the break condition
(Initial value)
1 Break address bit BAAn of channel A is masked and is not included in the break
condition
n=31-0
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10.2.3 Brcak Bus Cycle Register A (BBRA)

Bit:

BBRA:

Initial value:
R/W:

Bit:

BBRA:

Initial value:
R/W:

15 14 13 12 11 10 9 8

0 0 0 0 0 0 0 0

R R

7 6 5 4 3 2 1 (0]
CDA1 CDAO IDAA IDAO RWA1 RWAQ0  SZA1 SZA0
0 0 0 0 0 0 0 0
RW RW RW RW RW RW RW RW

Break bus cycle register A (BBRA) is a 16-bit read/write register, which specifies (1) CPU cycle or
DMAC cycle, (2) instruction fetch or data access, (3) read or write, and (4) operand size in the
break conditions of channel A. A power-on reset initializes BBRA to H'0000.

Bits 15 to 8—Reserved Bits: Writing is disabled. These bits are always read as 0.

Bits 7 and 6—CPU Cycle/DMAC Cycle Select A (CDA1, CDAO): Selects the CPU

cycle or DMAC cycle as the bus cycle of the channel A break condition.

Bit 7: CDA1 Bit 6: CDA0 Description

0 0 Condition comparison is not performed (Initial value)
* 1 The break condition is the CPU cycle

1 0 The break condition is the DMAC cycle

Bits 5 and 4—Instruction Fetch/Data Access Select A (IDA1, IDAO): Sclects the
instruction fetch cycle or data access cycle as the bus cycle of the channel A break condition.

Bit 5: IDA1 Bit 4: IDA0 Description

0 0 Condition comparison is not performed (Initial value)
1 The break condition is the instruction fetch cycle

1 0 The break condition is the data access cycle

The break condition is the instruction fetch cycle or data
access cycle
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Bits 3 and 2—Read/Write Select A (RWA1, RWAQ0): Sclects the read cycle or write
cycle as the bus cycle of the channel A break condition.

Bit 3: RWA1 Bit 2: RWAO Description

0 0 Condition comparison is not performed (Initial value)
1 The break condition is the read cycle

1 0 The break condition is the write cycle
1 The break condition is the read cycle or write cycle

Bits 1 and 0—Operand Size Select A (SZA1, SZA0): Selects the operand size of the
bus cycle for the channel A break condition.

Bit 1: SZA1 Bit 0: SZA0 Description

0 0 The break condition does not include operand size
(Initial value)

1 The break condition is byte access
1 0 The break condition is word access
1 The break condition is longword access
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10.2.4 Break Address Register B (BARB)

Bit: 31 30 29 28 27 26 25 24

BARB: BAB31 BAB30 BAB29 BAB28 BAB27 BAB26 BAB25 BAB24
Initial value: 0 0 0 0 0 0 0 0

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

Bit: 23 22 21 20 19 18 17 16

BARB: BAB23 BAB22 BAB21 BAB20 BAB19 BAB18 BAB17 BAB16
Initial value: 0 0 0 0 0 0 0 0

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

Bit: 15 14 13 12 11 10 9 8

BARB: BAB15 BAB14 BAB13 BAB12 BABi11 BAB10 BAB9 BABS
Initial value: 0 0 0 0 0 0 0 0

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

Bit: 7 6 5 4 3 2 1 0

BARB: BAB7 BAB6 BAB5 BAB4  BAB3 BAB2 BAB1 BABO
Initial value: 0 0 0 0 0 0 0 0

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

BARB is a 32-bit read/write register. BARB specifies the address used as a break condition in
channel B. Control bits XYE and XYS in the BBRB selects an address bus for break condition B.
If the XYE is 0, then BARB specifies the break address on logic or internal bus, LAB or IAB. If
the XYE is 1, then the BAB 31-16 specifies the break address on XAB (bits 15-1) and the BAB 15-
0 specifies the break address on YAB (bits 15-1). However, you have to choose one of two address
buses for the break. A power-on reset initializes BARB to H'00000000.

BAB31-16 BAB15-0
XYE =0 L() AB31-16 L(I) AB15-0
XYE = 1 XAB15-1 (XYS = 0) YAB15-1 (XYS = 1)
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10.2.5 Break Address Mask Register B (BAMRB)

Bit:

BAMRB:

Initial value:
R/W:

Bit:

BAMRB:

Initial value:
R/W:

Bit:

BAMRB:

Initial value:
R/W:

Bit:

BAMRB:

Initial value:
R/W:

31 30 29 28 27 26 25 24
BAMB31 BAMB30 BAMB29 BAMB28 BAMB27 BAMB26 BAMB25 BAMB24
0 0 0 0 0 0 0 0

RW RW RW RW RW RW RW RW

23 22 21 20 19 18 17 16
BAMB23 BAMB22 BAMB21 BAMB20 BAMB19 BAMB18 BAMB17 BAMB16
0 0 0 0 0 0 0 0

RW RW RW RW RW RW RW RW

15 14 13 12 11 10 9 8
BAMB15 BAMB14 BAMB13 BAMB12 BAMB11 BAMB10 BAMB9 BAMBS8
0 0 0 (0] (0] (0] (0] (0]

RW RW RW RW RW RW RW RW

7 6 5 4 3 2 1 0
BAMB7 BAMB6 BAMB5 BAMB4 BAMB3 BAMB2 BAMB1 BAMBO
0 0 0 0 0 0 0 0

RW RW RW RW RW RW RW RW

BAMRRB is a 32-bit read/write register. BAMRB specifies bits masked in the break address
specified by BARB. A power-on reset initializes BAMRB to H'00000000.

BAMB31-16 BAMB15-0
XYE=0 Mask L(l) AB31-16 Mask L(l) AB15-0
XYE =1 Mask XAB15—1 (XYS = 0) Mask YAB15—1 (XYS = 1)
Bits 31-0:
BAMBnN Description
0 Break address BABnN of channel B is included in the break condition (Initial value)
1 Break address BABn of channel B is masked and is not included in the break
condition
n=31-0
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10.2.6 Break Data Register B (BDRB)

Bit: 31 30 29 28 27 26 25 24

BDRBH: BDB31 BDB30 BDB29 BDB28 BDB27 BDB26 BDB25 BDB24
Initial value: 0 0 0 0 0 0 0 0

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

Bit: 23 22 21 20 19 18 17 16

BDRBH: BDB23 BDB22 BDB21 BDB20 BDB19 BDB18 BDB17 BDB16
Initial value: 0 0 0 0 0 0 0 0

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

Bit: 15 14 13 12 11 10 9 8

BDRBH: BDBi15 BDB14 BDB13 BDB12 BDB11 BDB10 BDB9 BDBS8
Initial value: 0 0 0 0 0 0 0 0

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

Bit: 7 6 5 4 3 2 1 0

BDRBH: BDB7 BDB6 BDB5 BDB4  BDB3 BDB2 BDBH1 BDBO
Initial value: 0 0 0 0 0 0 0 0

BDRB is a 32-bit read/write register. The control bits XYE and XYS in BBRB select a data bus for
break condition B. If the XYE is 0, then BDRB specifies the break data on LDB or IDB. If the
XYE is 1, then BDB 31-16 specifies the break data on XDB (bits 15-0) and BDB 15-0 specifies the
break data on YDB (bits 15-0). However, you have to choose one of two data buses for the break.
A power-on reset initializes BDRB to H'00000000.

BDB31-16 BDB15-0
XYE =0 L(l) DB31-16 L(l) DB15-0
XYE = 1 XDB15-0 (XYS = 0) YDB15-0 (XYS = 1)
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10.2.7 Break Data Mask Register B (BDMRB)

Bit: 31 30 29 28 27 26 25 24

BDMRBH BDMB31 BDMB30 BDMB29 BDMB28 BDMB27 BDMB26 BDMB25 BDMB24
Initial value: 0 0 0 0 0 0 0 0

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

Bit: 23 22 21 20 19 18 17 16

BDMRBH: BDMB23 BDMB22 BDMB21 BDMB20 BDMB19 BDMB18 BDMB17 BDMB16
Initial value: 0 0 0 0 0 0 0 0

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

Bit: 15 14 13 12 11 10 9 8

BDMRBL: BDMB15 BDMB14 BDMB13 BDMB12 BDMB11 BDMB10 BDMB9 BDMBS8
Initial value: 0 0 0 0 0 0 0 0

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

Bit: 7 6 5 4 3 2 1 0

BDMRBL: BDMB7 BDMB6 BDMBS BDMB4 BDMB3 BDMB2 BDMB1 BDMBO
Initial value: 0 0 0 0 0 0 0 0

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

BDMRB is a 32-bit read/write register. BDMRB specifies bits masked in the break data specified
by BDRB. A power-on reset initializes BDMRB to H'00000000.

BDMB31-16 BDMB15-0
XYE=0 Mask L(l) DB31-16 Mask L(l) DB15-0
XYE =1 Mask XDB15-0 (XYS = 0) Mask YDB15-0 (XYS = 1)
Bits 31-0:
BDMBn Description
0 Break data BDBn of channel B is included in the break condition (Initial value)
1 Break data BDBn of channel B is masked and is not included in the break
condition
n=31-0

Notes: 1. Specify an operand size when including the value of the data bus in the break condition.
2. When a byte size is selected as a break condition, the break data must be set in bits
15-8 in BDRB for an even break address and bits 7-0 for an odd break address. Another
8 bits have no influence on a break condition.
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10.2.8 Break Bus Cycle Register B (BBRB)

Bit: 15 14 13 12 11 10 9 8
BBRB: — — — — — — XYE XYS
Initial value: 0 0 0 0 0 0 0 0
R/W: R R R R R R RW RW
Bit: 7 6 5 4 3 2 1 0
BBRB: CDBH1 CDBO IDB1 IDBO RWBH1 RWB0 SZB1 SZB0
Initial value: 0 0 0 0 0 0 0 0

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

Break bus cycle register B (BBRB) is a 16-bit read/write register, which specifies (1) logic or
internal bus (L or I bus), X bus, of Y bus, (2) CPU cycle or DMAC cycle, (3) instruction fetch or
data access, (4) read/write, and (5) operand size in the break conditions of channel B. A power-on
reset initializes BBRB to H'0000.

Bits 15 to 10—Reserved Bits: Writing is disabled. These bits are always read as 0.

Bit 9—X/Y Memory Bus Enable (XYE): Selects the logic or internal bus (L or I bus) or
X/Y memory bus as the bus of the channel B break condition.

Bit 9: XYE Description

0 Select internal bus (I bus) for the channel B break condition

1 Select X/Y memory bus (X/Y bus) for the channel B break condition

Bits 8—X or Y Memory Bus Select (XYS): Selects the X bus or the Y bus as the bus of
the channel B break condition.

Bit 8: XYS Description

0 Select the X bus for the channel B break condition

1 Select the Y bus for the channel B break condition
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Bits 7 and 6—CPU Cycle/DMAC Cycle Select B (CDB1 and CDBO0): Select the
CPU cycle or DMAC cycle as the bus cycle of the channel B break condition.

Bit 7: CDB1 Bit 6: CDBO Description

0 0 Condition comparison is not performed (Initial value)
* 1 The break condition is the CPU cycle
1 0 The break condition is the DMAC cycle

Bits 5 and 4—Instruction Fetch/Data Access Select B (IDB1 and IDBO0): Select
the instruction fetch cycle or data access cycle as the bus cycle of the channel B break condition.

Bit 5: IDB1 Bit 4: IDBO Description

0 0 Condition comparison is not performed (Initial value)
1 The break condition is the instruction fetch cycle

1 0 The break condition is the data access cycle
1 The break condition is the instruction fetch cycle or data

access cycle

Bits 3 and 2—Recad/Write Select B (RWB1 and RWBO0): Select the read cycle or write
cycle as the bus cycle of the channel B break condition.

Bit 3: RWB1 Bit 2: RWB0 Description

0 0 Condition comparison is not performed (Initial value)
1 The break condition is the read cycle

1 0 The break condition is the write cycle
1 The break condition is the read cycle or write cycle

Bits 1 and 0—Operand Size Select B (SZB1 and SZB0): Select the operand size of the
bus cycle for the channel B break condition.

Bit 1: SZB1 Bit 0: SZBO Description

0 0 The break condition does not include operand size (Initial value)
1 The break condition is byte access

1 0 The break condition is word access
1 The break condition is longword access
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10.2.9 Break Control Register (BRCR)

Bit: 31 30 29 28 27 26 25 24

BRCR: — — — — — — — —
Initial value: 0 0 0 0 0 0 0 0

R/W: R R R R R

Bit: 23 22 21 20 19 18 17 16

BRCR: — — BASMA BASMB — — — —
Initial value: 0 0 0 0 0 0 0 0

R/W: R R RW RW R R

Bit: 15 14 13 12 11 10 9 8

BRCR: SCMFCA SCMFCB SCMFDA SCMFDB PCTE PCBA — —
Initial value: 0 0 0 0 0 0 0 0

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

Bit: 7 6 5 4 3 2 1 0

BRCR: DBEB PCBB — — SEQ — — ETBE
Initial value: 0 0 0 0 0 0 0 0

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

BRCR sets the following conditions:

1. Channels A and B are used in two independent channels condition or under the sequential

condition.
A break is set before or after instruction execution.
A break is set by the number of execution times.

Enable PC trace.

Enable on-chip I/O break.
Enable LDTLB execution break.
Enable the ASID check.

. Enable the trigger output.

LN R e

10.Indicate whether to mask user interrupts after RTB.
10. Allow user to use UBC in the ASE user mode.

HITACHI

Determine whether o include data bus on channel B in comparison conditions.
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The break control register (BRCR) is a 32-bit read/write register that has break conditions match
flags and bits for setting a variety of break conditions. The reading of SCMFIOB, SCMFLDT,
TOEA, BIEA, TOEB, BIEB, IOBE, LDTE, NPROT and RTBMK bits are meaningless in main
chip mode. They are always read as 0.

BRCR has many condition match flags, SCMFCA, SCMFCB, SCMFDA, SCMFDB,
SCMFLDT, and SCMFIOB. A power-on reset initializes BRCR to H'00000000.

Bits 31 to 22—Reserved Bits: Writing is disabled. These bits are always read as 0.

Bit 21—Break ASID Mask A (BASMA): Specifies whether the bits of the channel A
break ASID7-ASIDO (BASA7 to BASAO) set in BASRA are masked or not.

Bit 21: Description

BASMA

0 All BASRA bits are included in break condition, ASID is checked  (Initial value)
1 No BASRA bits are included in break condition, ASID is not checked

Bit 20—Break ASID Mask B (BASMB): Specifies whether the bits of channel B break
ASID7-ASIDO (BASB7 to BASBO) set in BASRB are masked or not.

Bit 20: Description

BASMB

0 All BASRB bits are included in break condition, ASID is checked  (Initial value)
1 No BASRB bits are included in break condition, ASID is not checked

Bit 19—LDTLB Condition Match Flag (SCMFLDT): Indicates that LDTLB execution
break condition has been met. Not cleared to 0. (To check a flag setting after it has been set, clear
it by writing 0.)

Bit 19:

SCMFLDT Description

0 LDTLB execution break condition does not match (Initial value)
1 LDTLB execution break condition matches

Bit 18—On-chip I/0 Condition Match Flag (SCMFIOB): Indicates that on-chip /O
break conditions have been met. Not cleared 1o 0. (To check a flag setting after it has been set,
clear it by writing 0.)
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Bit 18:
SCMFIOB Description

0 On-chip I/O break conditions do not match (Initial value)

1 On-chip I/O break conditions match

Bit 17—LDTLB Condition Break Enable (LDTE): Specifies whether to include LDTLB
cxccution in break conditions. This bit is meaningless in the main chip modc.

Bit 17: LDTE Description

0 LDTLB execution is not included in break conditions (Initial value)

1 LDTLB execution is included in break conditions

Bit 16—On-Chip IO Break Enable (IOBE): Specifies whether to include on-chip 1I/0
access in break conditions. This bit is meaningless in the main chip mode.

Bit 16: IOBE Description

0 On-chip I/O access is not included in break conditions (Initial value)

1 On-chip I/O access is included in break conditions

Bit 15—CPU Condition Match Flag A (SCMFCA): When the CPU bus cycle
condition in the break conditions set for channel A is satisfied, this flag is set to 1 (not cleared to
0). In order to clear this flag, write 0 into this bit.

Bit 15:

SCMFCA Description

0 The CPU cycle condition for channel A does not match (Initial value)
1 The CPU cycle condition for channel A matches

Bit 14—CPU Condition Match Flag B (SCMFCB): When the CPU bus cycle
condition in the break conditions set for channel B is satisfied, this flag is set to 1 (not cleared to
0). In order to clear this flag, write 0 into this bit.

Bit 14:

SCMFCB Description

0 The CPU cycle condition for channel B does not match (Initial value)
1 The CPU cycle condition for channel B matches

235
HITACHI



Bit 13—DMAC Condition Match Flag A (SCMFDA): When the on-chip DMAC bus
cycle condition in the break conditions set for channel A is satisfied, this flag is set to 1 (not
cleared to 0). In order to clear this flag, write 0 into this bit.

Bit 13:

SCMFDA Description

0 The DMAC cycle condition for channel A does not match (Initial value)
1 The DMAC cycle condition for channel A matches

Bit 12—DMAC Condition Match Flag B (SCMFDB): When the on-chip DMAC bus
cycle condition in the break conditions set for channel B is satisfied, this flag is set to 1 (not
cleared to 0). In order to clear this flag, write 0 into this bit.

Bit 12:

SCMFDB Description

0 The DMAG cycle condition for channel B does not match (Initial value)
1 The DMAC cycle condition for channel B matches

Bit 11—PC Trace Enable (PCTE): Enables PC trace.

Bit 11: PCTE Description
0 Disables PC trace (Initial value)

1 Enables PC trace

Bit 10—PC Break Select A (PCBA): Selects the break timing of the instruction fetch
cycle for channel A as before or after instruction execution.

Bit 10: PCBA Description

0 PC break of channel A is set before instruction execution (Initial value)

1 PC break of channel A is set after instruction execution

Bit 9—Trigger Output Enable A (TOEA): Sclects whether to enable output of a trigger
to the external pin when channel A set conditions are met. This bit is meaningless in the SH7729.

Bit 9: TOEA Description

0 Trigger is not output to external pin on channel A condition match  (Initial value)
1 Trigger is output to external pin on channel A condition match
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Bit 8—ASE Break Enable A (BIEA): Specifies whether to request an ASE break to the
CPU when channel A set conditions are met. This bit is meaningless in the main chip mode.

Bit 8: BIEA Description

0 An ASE break is not requested to the CPU on channel A condition match
(Initial value)

1 An ASE break is requested on channel A condition match

Bit 7—Data Break Enable B (DBEB): Selects whether or not the data bus condition is
included in the break condition of channel B.

Bit 7: DBEB Description

0 No data bus condition is included in the condition of channel B (Initial value)

1 The data bus condition is included in the condition of channel B

Bit 6—PC Break Select B (PCBB): Sclects the break timing of the instruction fetch cycle
for channel B as before or after instruction execution.

Bit 6: PCBB Description

0 PC break of channel B is set before instruction execution (Initial value)

1 PC break of channel B is set after instruction execution

Bit 5—Trigger Output Enable B (TOEB): Selects whether to enable output of a trigger to
the external pin when channel B set conditions are met. This bit is meaningless in the SH7729.

Bit 5: TOEB Description

0 Trigger is not output to external pin on channel B condition match  (Initial value)

1 Trigger is output to external pin on channel B condition match

Bit 4—ASE Break Enable B (BIEB): Specifies whether to request an ASE break to the
CPU when channel B set conditions are met. This bit is meaningless in the main chip mode.

Bit 4: BIEB Description

0 An ASE break is not requested to the CPU on channel B condition match
(Initial value)

1 An ASE break is requested on channel B condition match
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Bit 3—Sequence Condition Select (SEQ): Selects two conditions of channels A and B as
independent or sequential.

Bit 3: SEQ Description

0 Channels A and B are compared under the independent condition  (Initial value)

1 Channels A and B are compared under the sequential condition

Bit 2—NPROT Bit: Indicates whether to release UBC to user. This bit is meaningless in the
main chip mode. The reading of BRCR.NPROT bit could be impossible in the ASE break mode if
the value is 1 because the mode has switched to the ASE user mode.

Bit 2: NPROT Description

0 UBC is not released to user (Initial value)

1 UBC is released tc user

Bit 1—RTB Interrupt Mask (RTBMK): Indicatcs whether to mask user intcrrupts after
RTB. This bit is meaningless in the main chip mode.

Bit 1: RTBMK Description

0 Interrupts are accepted after RTB (Initial value)

1 Interrupts are not accepted after RTB

Bit 0—The Number of Execution Times Break Enable (ETBE): Enable the
execution-times break condition only on channel B. If this bit is 1 (break enable), a user break is
issued when the number of break conditions matches with the number of execution times that is
specified by the BETR register.

Bit 0: ETBE Description

0 The execution-times break condition is masked on channel B (Initial value)
1 The execution-times break condition is enabled on channel B
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10.2.10Exccution Times Break Register (BETR)

Bit: 15 14 13 12 11 10 9 8
BETR: — — — —

Initial value: 0 0 0 0 0 0 0 0
R/W: R R R R RW RW RW RW
Bit: 7 6 5 4 3 2 1 0
BETR:

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

When the execution-times break condition of channel B is enabled, this register specifies the
number of execution times to make the break. The maximum number is 2 — 1 times. A power-
on reset initializes BETR to H'0000. When a break condition is satisfied, it decreases the BETR. A
break is issued when the break condition is satisfied after the BETR becomes H'0001. Bits 15-12
are always read as 0 and O should always be written in these bits.
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10.2.11Branch Source Register (BRSR)

Bit: 31 30 29 28 27 26 25 24

BRSR: SVF PID2 PID1 PIDO BSA27 BSA26 BSA25 BSA24
Initial value: 0 * * * * * * *

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

Bit: 23 22 21 20 19 18 17 16

BRSR: BSA23 BSA22 BSA21 BSA20 BSA19 BSA18 BSA17 BSA16
Initial value: * * * * * * * *

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

Bit: 15 14 13 12 11 10 9 8

BRSR: BSA15 BSA14 BSA13 BSA12 BSAi1 BSA10 BSA9 BSA8
Initial value: * * * * * * * *

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

Bit: 7 6 5 4 3 2 1 0

BRSR: BSA7 BSA6 BSA5 BSA4 BSA3 BSA2 BSA1 BSAO0
Initial value: * * * * * * * *

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

BRSR is a 32-bit read register. BRSR stores the last fetched address before branch and the pointer
(3 bits) which indicates the number of cycles from fetch to execution for the last executed
instruction. BRSR has the flag bit that is set to 1 when branch occurs. This flag bit is cleared to
0, when BRSR is read and also initialized by power-on resets or manual resets. Other bits are not
initialized by reset. Four BRSR registers have queue structure and a stored register is shifted every
branch,

Bit 31—BRSR Valid Flag (SYF): Indicates whether the address and the pointer by which
the branch source address can be calculated. When a branch source address is fetched, this flag is set
to 1. This flag is cleared to 0 in reading BRSR.

Bit 31: SVF Description

0 The value of BRSR register is invalid
1 The value of BRSR register is valid
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Bits 30 to 28—Instruction Decode Pointer (PID2-0): PID is a 3-bit binary pointer (0—
7). These bits indicate the instruction buffer number which stores the last executed instruction
before branch.

Bits 30 to 28:

PID Description

Even PID indicates the instruction buffer number.
Odd PiD+2 indicates the instruction buffer number

Bits 27 to 0—Branch Source Address (BSA27-BSA0): These bits store the last fetched
address before branch.

10.2.12Branch Destination Register (BRDR)

Bit: 31 30 29 28 27 26 25 24

BRDR: DVF — — — BDA27 BDA26 BDA25 BDA24
Initial value: 0 * * * * * * *

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

Bit: 23 22 21 20 19 18 17 16

BRDR: BDA23 BDA22 BDA21 BDA20 BDA19 BDA18 BDA17 BDA16
Initial value: * * * * * * * *

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

Bit: 15 14 13 12 11 10 9 8

BRDR: BDA15 BDA14 BDA13 BDA12 BDA11 BDA10 BDA9 BDAS8
Initial value: * * * * * * * *

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

Bit: 7 6 5 4 3 2 1 0

BRDR: BDA7 BDA6  BDAS5 BDA4  BDA3 BDA2 BDA1 BDAO
Initial value: * * * * * * * *

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

BRDR is a 32-bit read register. BRDR stores the branch destination fetch address. BRDR has the
flag bit that is set to 1 when branch occurs. This flag bit is cleared to 0, when BRDR is read and
also initialized by power-on resets or manual resets. Other bits are not initialized by resets. Four

BRDR registers have queue structure and a stored register is shifted every branch.
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Bit 31—BRDR Valid Flag (DVF): Indicates whether a branch destination address is stored.
When a branch destination address is fetched, this flag is set to 1. This flag is set to 0 in reading
BRDR.

Bit 31: DVF Description

0 The value of BRDR register is invalid

1 The value of BRDR register is valid

Bits 30 to 28—Reserved Bits: These bits are always read as 0. Writing is disabled.

Bits 27 to 0—Branch Destination Address (BDA27-BDA(): These bits store the first
fetched address after branch.

10.2.13Break ASID Register A (BASRA)

Bit: 7 6 5 4 3 2 1 0

BASRA: BASA7 BASA6 BASA5 BASA4 BASA3 BASA2 BASA1 BASAO
Initial value: * * * * * * * *

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

Break ASID register A (BASRA) is an 8-bit read/write register that specifies the ASID that serves
as the break condition for channel A. It is not initialized by resets. It is located in CCN.

Bits 7 to 0—Break ASID A7 to 0 (BASA7 to BASA0): These bits store the ASID
(bits 7 to 0) that is the channel A break condition.

10.2.14Break ASID Register B (BASRB)

Bit: 7 6 5 4 3 2 1 0

BASRB: BASB7 BASB6 BASB5 BASB4 BASB3 BASB2 BASB1 BASBO
Initial value: * * * * ® * # *

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

Break ASID register B (BASRB) is an 8-bit read/write register that specifies the ASID that serves
as the break condition for channel B. It is not initialized by resets. It is located in CCN.

Bits 7 to 0: Break ASID A7 to 0 (BASB7 to BASBO0): These bits store the ASID (bits
7 to 0) that is the channel B break condition.

242
HITACHI



10.2.151/0 Break Address Register (IOBAR)

Bit:

IOBAR:

Initial value:
R/W:

Bit:

IOBAR:

Initial value:
R/W:

Bit:

IOBAR:

Initial value:
R/W:

Bit:

IOBAR:

Initial value:
R/W:

31

30

29 28

24

IOBA31

*

RW

23

IOBA30

*

RW

22

IOBA29 |0BA28

* %
R/W RW
21 20

I0BA24

*

RW

16

IOBA23

I0BA22

IOBA21 10BA20

IOBA16

3

RW

15

*

RW

14

* *
RW RW
13 12

3

RW

8

IOBA15

IOBA14

IOBA13 IOBA12

IOBA8

®

RW

7

*

RW

6

®

RW

0

IOBA7

IOBA6

IOBAO

®

RW

*

RW

* *

RW RW

5 4
IOBAS I0BA4
* *

®

RW RW RW RW RW RW

The I/O break address register (IOBAR) is a 32-bit read/write register in the ASE mode. It writes
the on-chip I/0 address that was accessed in the on-chip I/O break. It is not initialized by resets.

Bits 31 to 0—I/O break address 31 to 0 (IOBA31 to IOBAOQ): These bits store the
on-chip I/O address when an on-chip I/0 break occurs.
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10.2.161/0 Break Data Register (IOBDR)

Bit: 31 30 29 28 27 26 25 24

IOBDR: IOBD31 I0BD30 IOBD29 I0BD28 I0OBD27 10BD26 I0BD25 I0BD24
Initial value: 0 0 0 0 0 0 0 0

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

Bit: 23 22 21 20 19 18 17 16

IOBDR: |OBD23 I0BD22 IOBD21 I0BD20 IOBD19 I0BD18 I0BD17 I0BD16
Initial value: 0 0 0 0 0 0 0 0

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

Bit: 15 14 13 12 11 10 9 8

IOBDR: |OBD15 10BD14 I0BD13 I10BD12 I0BD11 10BD10 I10BD9 10BDS8
Initial value: 0 0 0 0 0 0 0 0

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

Bit: 7 6 5 4 3 2 1 0

IOBDR: I[OBD7 10BD6 I0OBD5 |I10BD4 I0OBD3 I10BD2 I10BD1 10BDO
Initial value: 0 0 0 0 0 0 0 0

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

The I/O break data register (IOBDR) is a 32-bit read/write register in the ASE mode. It writes the
on-chip I/O data that was accessed in the on-chip I/0O break. It is not initialized by resets.

Bits 31 to 0—I/O break data 31 to 0 (IOBD31 to IOBD0): These bits store the on-
chip I/0 data when an on-chip I/O break occurs.
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10.3 Operation Description

10.3.1 Flow of the User Break Operation
The flow from sctting of break conditions to uscr break cxception processing is described below:

1. The break addresses and the corresponding ASIDs arc loaded in the break address registers
(BARA and BARB) and break ASID registers (BASRA and BASRB in CCN). The masked
addresses are set in the break address mask registers (BAMRA and BAMRB). The break data is
set in the break data register (BDRB). The masked data is set in the break data mask register
(BDMRB). The breaking bus conditions are set in the break bus cycle registers (BBRA and
BBRB). Three groups of the BBRA and BBRB (CPU cycle/DMAC cycle select, instruction
fetch/data access select, and read/write select) are each set. No user break will be generated if
even one of these groups is set with 00. The respective conditions are set in the bits of the
BRCR.

2. When the break conditions are satisfied, the UBC sends a user break request to the interrupt
controller. The break type will be sent to CPU indicating the instruction fetch, pre/post
instruction break, data access break, or on-chip I/O access/LDTLB break. When conditions
match up, the CPU condition match flags (SCMFCA and SCMFCB) and DMAC condition
match flags (SCMFDA and SCMFDB) for the respective channels are set.

3. When the ASE mode is set (not in the main chip mode) and the set conditions are satisfied, the
UBC sends an ASE break request to interrupt controller. When conditions match up, the
corresponding match flags (SCMFIOB and SCMFLDT) or other flags are set.

4. The appropriate condition match flags (SCMFCA, SCMFDA, SCMFCB, and SCMFDB) can
be used to check if the set conditions match or not. The matching of the conditions sets flags,
but they are not reset. () must first be written to them before they can be used again.

5. There is a chance that the data access break and its following instruction fetch break occur
around the same time, there will be only one break request to the CPU, but these two break
channel match flags could be both set.
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10.3.2 Break on Instruction Fetch Cycle

1.

When CPU/instruction fetch/read/word or longword is set in the break bus cycle registers
(BBRA/BBRB), the break condition becomes the CPU instruction fetch cycle. Whether it then
breaks before or after the execution of the instruction can then be selected with the
PCBA/PCBB bits of the break control register (BRCR) for the appropriate channel.

. Aninstruction sct for a brcak before cxccution breaks when it is confirmed that the instruction

has been fetched and will be executed. This means this feature cannot be used on instructions
fetched by overrun (instructions fetched at a branch or during an interrupt transition, but not to
be executed). When this kind of break is set for the delay slot of a delay branch instruction, the
break is generated prior to execution of the instruction that then first accepts the break.
Meanwhile, the break set for pre-instruction-break on delay slot instruction and post-
instruction-break on SLEEP instruction are also prohibited.

. When the condition is specificd to be occurred after cxecution, the instruction sct with the break

condition is executed and then the break is generated prior to the execution of the next
instruction. As with pre-execution breaks, this cannot be used with overrun feich instructions.
When this kind of break is sct for a delay branch instruction, the break is gencrated at the
instruction that then first accepts the break.

. When an instruction fetch cycle is set for channel B, break data register B (BDRB) is ignored.

There is thus no need to set break data for the break of the instruction fetch cycle.

10.3.3 Break by Data Access Cycle

1.
2.

The memory cycles in which CPU data access breaks occur are from instructions.

The relationship between the data access cycle address and the comparison condition for operand
size are listed in table 10.2:

Table 10.2Data Access Cycle Addresses and Operand Size Comparison

Conditions
Access Size Address Compared
Longword Compares break address register bits 31-2 to address bus bits 31-2
Word Compares break address register bits 31—1 to address bus bits 31-1
Byte Compares break address register bits 31-0 to address bus bits 31-0

This means that when address H'00001003 is set without specifying the size condition, for
example, the bus cycle in which the break condition is satisfied is as follows (where other
conditions arc mct).

Longword access at H'00001000
Word access at H'00001002
Byte access at H'00001003
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3.

When the data value is included in the break conditions on B channel:

When the data value is included in the break conditions, either longword, word, or byte is
specified as the operand size of the break bus cycle registers (BBRA and BBRB). When data
values are included in break conditions, a break is generated when the address conditions and
data conditions both match. To specify byte data for this case, set the same data in two bytes at
bits 15-8 and bits 7-0 of the break data register B (BDRB) and break data mask register B
(BDMRB). When word or byte is set, bits 31-16 of BDRB and BDMRB are ignored.

. When the DMAC data access is included in the break condition:

When the address is included in the break condition on DMAC data access, the operand size of
the break bus cycle registers (BBRA and BBRB) should be byte, word or no specified operand
size. When the data value is included, select either byte or word.

10.3.4 Break on X/Y-Memory Bus Cycle

1.

The break condition on X/Y-memory bus cycle is specified only in channel B. If XYE in
BBRB is set to 1, break address and break data on X/Y-memory bus are selected. At this time,
select X-memory bus or Y-memory bus by specifying XYS in BBRB. The Break condition
cannot include both X-memory and Y-memory at the same time. The break condition is applied
to X/Y-memory bus cycle by specifying CPU/data access/rcad or write/word or no specified
operand size in the break bus cycle register B (BBRB).

. When X-memory address is selected as the break condition, specify X-memory address in upper

16 bits in BARB and BAMRB. When Y-memory address is selected, specify Y-memory address
in lower 16 bits. Specification of X/Y-memory data is the same for BDRB and BDMRB.

10.3.5 Sequential Break

1.

By specifying SEQ in BRCR is set to 1, the sequential break is issued when channel B break
condition matches after channel A break condition matches. A user break is ignored even if
channel B break condition matches before channel A break condition matches. When channels
A and B condition match at the same time, the sequential break is not issued.

. In sequential break specification, internal/X/Y bus can be selected and the execution times break

condition can be also specified. For example, when the execution times break condition is
specified, the break condition is satisfied at channel B condition maich with BETR = H'0001
after channel A condition match.

10.3.6 Value of Saved Program Counter

The PC when a break occurs is saved to the SPC in user breaks but saved to a fixed address
(H'FD000000) in the ASE space in ASE break. The PC value saved is as follows depending on the
type of break.

1.

When instruction fetch (before instruction execution) is specified as a break condition:
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The value of the program counter (PC) saved is the address of the instruction that matches the
break condition. The fetched instruction is not executed, and a break occurs before it.

. When instruction fetch (after instruction execution) is specified as a break condition:

The PC value saved is the address of the instruction to be executed following the instruction in
which the break condition matches. The fetched instruction is cxccuted, and a break occurs
before the execution of the next instruction.

. When data access (address only) is specified as a break condition:

The PC value is the address of the instruction to be executed following the instruction that
matched the break condition. The instruction that matched the condition is executed and the
break occurs before the next instruction is executed.

. When data access (address + data) is specified as a break condition:

The PC value is the start address of the instruction that follows the instruction already executed
when break processing started up. When a data value is added to the break conditions, the place
where the break will occur cannot be specified exactly. The break will occur before the
execution of an instruction fetched around the data access where the break occurred.

. Software ASE breaks (BRK instructions):

The PC value saved is the address of the instruction following the BRK instruction.

. On-chip T/0O breaks and LDTLB ASE breaks:

Same as 3 above.

10.3.7 PC Trace

1. Setting PCTE in BRCR 1o 1 enables PC traces. When branch (branch instruction, repeat, and

interrupt) is generated, the address from which the branch source address can be calculated and
the branch destination address are stored in BRSR and BRDR, respectively. The branch address
and the pointer, which corresponds to the branch, are included in BRSR.

. The branch address before branch occurs can be calculated from the address and the pointer stored
in BRSR. The expression (rom BSA (the address in BRSR), PID (the pointer in BRSR), and
IA (the instruction address before branch occurs) is as follows: IA = BSA -2 * PID.

Notes are needed when an interrupt (a branch) is issued before the branch destination instruction
is executed. In case of the next figure, the instruction “Exec” executed immediately before
branch is calculated by IA = BSA - 2 * PID. However, when branch “branch” has delay slot
and the destination address is 4n + 2 address, the address “Dest” which is specified by branch
instruction is stored in BRSR (Dest = BSA). Therefore, as IA = BSA — 2 * PID is not applied
to this case, this PID is invalid. The case where BSA is 4n + 2 boundary is applied only to

this case and then some cases are classified as follows:

Exec:branch Dest
Dest:instr (not executed)
interrupt
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Int: interrupt routine

If the PID value is odd, instruction buffer indicates PID+2 buffer. However, these expressions
in this table are accounted for it. Therefore, the true branch source address is calculated with
BSA and PID values stored in BRSR.

. The branch address before branch occurrence, IA, has different values due to some kinds of
branch.

a. Branch instruction
The branch instruction address

b. Repeat
The instruction before the last instruction of a repeat loop
Repeat_Start:inst (1); —-——> BRDR
inst (2);
inst (n—-1); —-—> the address calculated from BRSR

Repeat_End: inst (n);
c. Interrupt
The last instruction executed before interrupt
The top address of intcrrupt routine is storcd in BRDR.

In a repeat loop with instructions less than three, no instruction fetch cycle appears and branch
source address is unknown. Therefore, PC trace is disabled.

. BRSR and BRDR have eight pairs of queue structures. The top of queues is read first when the
address stored in the PC trace register is read. BRSR and BRDR share the read pointer. Read
BRSR and BRDR in order, the queue only shifts after BRDR is read. When reading BRDR,
longword access should be used. Also, the PC trace has a trace pointer, which initially points
to the bottom of the queues. The first pair of branch addresses will be stored at the bottom of
the quecucs, then push up when next pairs come into the quecucs. The trace pointer will points
to the next branch address to be executed, unless it got push out of the queues. When the
branch address has been executed, the trace pointer will shift down to next pair of addresses,
until it reaches the bottom of the queues. After switching the PCTE bit (in BRCR) off and on,
the values in the queues are invalid. The read pointer stay at the position before PCTE is
switched, but the trace pointer restart at the bottom of the queues.
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10.3.8 Usage Examples

Break Condition Specified to a CPU Instruction Fetch Cycle

1. Register specifications
BARA = H'00000404, BAMRA = H'00000000, BBRA = H'0054, BARB = H'00008010,
BAMRB = H'00000006, BBRB = H'0054, BDRB = H'00000000, BDMRB = H'00000000,
BRCR = H'00300400

Specified conditions: Channel A/channel B independent mode

Channel A
Address: H'00000404, Address mask: H'00000000

Bus cycle:  CPUfinstruction fetch (after instruction execution)/read (operand size is not
included in the condition)

No ASID check is included

Channel B

Address: H'00008010, Address mask: H'00000006

Data: H'00000000, Data mask: H'00000000

Bus cycle: CPUfinstruction fetch (before instruction execution)/read (operand size is nol
included in the condition)

No ASID check is included

A user break occurs after an instruction of address H00000404 is executed or before
mstructions of addresses H'00008010 to H'00008016 are executed.

2. Register specifications

BARA =H'00037226, BAMRA = H'00000000, BBRA = H'0056, BARB = H'0003722E,
BAMRB = H'00000000, BBRB = H'0056, BDRB = H'00000000, BDMRB = H'00000000,
BRCR = H'00000008, BASRA = H'80, BASRB = H'70

Specified conditions: Channel A/channel B sequence mode

Channel A

Address:  H'00037226, Address mask: H'00000000, ASID = H'80

Bus cycle: CPUfinstruction fetch (before instruction execution)/read/word
Channel B

Address: H'0003722E, Address mask: H'00000000, ASID = H'70

Data: H'00000000, Data mask: H'00000000

Bus cycle: CPUfinstruction fetch (before instruction execution)/read/word

An instruction with ASID = H'80 and address H'00037226 is executed, and a user break occurs
before an instruction with ASID = H'70 and address H'0003722E is executed.
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3. Register specifications
BARA = H'00027128, BAMRA = H'00000000, BBRA = H'005A, BARB = H'00031415,
BAMRB = H'00000000, BBRB = H'0054, BDRB = H'00000000, BDMRB = H'00000000,
BRCR = H'00300000

Specified conditions: Channel A/channel B independent mode

Channcl A

Address: H'00027128, Address mask: H'O0000000

Bus cycle: CPUfinstruction fetch (before instruction execution)/write/word
No ASID check is included

Channel B
Address: H'00031415, Address mask: H'0O0000000
Data: H'00000000, Data mask: H'00000000

Bus cycle: CPUfinstruction fetch (before instruction execution)/read (operand size is not
included in the condition)

No ASID check is included

On channel A, no user break occurs since instruction fetch is not a write cycle. On channel B,
no user break occurs since instruction fetch is performed for an even address.

Register specifications

BARA = H'00037226, BAMRA = H00000000, BBRA = H'005A, BARB = H'0003722E,
BAMRB = H'00000000, BBRB = H'0056, BDRB = H'00000000, BDMRB = H'00000000,
BRCR = H'00000008, BASRA = H'80, BASRB = H'70

Specificd conditions: Channcl A/channcl B scquence mode

Channel A

Address: H'00037226, Address mask: H'00000000, ASID: H'80

Bus cycle: CPUfinstruction fetch (before instruction execution)/write/word
Channel B

Address: H'0003722E, Address mask: H'00000000, ASID: H'70

Data: H'00000000, Data mask: H'00000000

Bus cycle: CPUfinstruction fetch (before instruction execution)/read/word

Since instruction fetch is not a write cycle on channel A, a sequence condition does not match.
Therefore, no user break occurs.
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5. Register specifications
BARA = H'00000500, BAMRA = H'00000000, BBRA = H'0057, BARB = H'00001000,
BAMRB = H'00000000, BBRB = H'0057, BDRB = H'00000000, BDMRB = H'00000000,
BRCR = H'00300001, BETR = H'0005

Specified conditions: Channel A/channel B independent mode
¢ Channcl A
Address: H'00000500, Address mask: H'00000000
Bus cycle:  CPU/instruction fetch (before instruction execution)/read/longword
¢ Channel B
Address: H'00001000, Address mask: H'00000000
Data: H'00000000, Data mask: H'00000000
Bus cycle: CPUfinstruction fetch (before instruction execution)/read/longword
The number of execution-times break enable (5 times)

On channel A, a user break occurs before an instruction of address H'00000500 1s executed. On
channel B, a user break occurs before the fifth instruction execution after instructions of address
H'00001000 are executed four times.

6. Register specifications

BARA = H'00008404, BAMRA = H'00000FFF, BBRA = H'0054, BARB = H'00008010,
BAMRB = H'00000006, BBRB = H'0054, BDRB = H'00000000, BDMRB = H'00000000,
BRCR = H'00000400, BASRA = H'80, BASRB = H'70

Specified conditions: Channel A/channel B independent mode
¢ Channcl A
Address: H'00008404, Address mask: H'O0000FFF, ASID: H'80

Bus cycle:  CPUfinstruction fetch (after instruction execution)/read (operand size is not
included in the condition)

¢ Channel B
Address: H'00008010, Address mask: H'00000006, ASID: H'70
Data: H'00000000, Data mask: H'00000000

Bus cycle: CPUfinstruction fetch (before instruction execution)/read (operand size is not
included in the condition)

A user break occurs after an instruction with ASID = H'80 and address H'00008000 to
H'00008FEE is executed or before instructions with ASID = H'70 and addresses H'00008010 to
H'00008016 are executed.
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Break Condition Specified to a CPU Data Access Cycle

1. Register specifications
BARA = H'00123456, BAMRA = H'00000000, BBRA = H'0064, BARB = H000ABCDE,
BAMRB = H'000000FF, BBRB = H'006A, BDRB = H'0000A512, BDMRB = H'00000000,
BRCR = H'00000080, BASRA = H'80, BASRB = H'70
Specificd conditions: Channcl A/channel B independent mode
¢ Channel A
Address: H'00123456, Address mask: H'00000000, ASID: H'80
Bus cycle: CPU/data access/read (operand size is not included in the condition)
¢ Channel B
Address: H'O00ABCDE, Address mask: H'OO0000FF, ASID: H'70
Data: H'0000A512, Data mask: H'00000000
Bus cycle: CPU/data access/write/word

On channel A, a user break occurs with ASID = H'80 during longword read to address
H'00123454, word read to address H'00123456, or byle read (o address H'00123456. On channel
B, a user break occurs with ASID = H'70 when word H'A512 is written in addresses
H'O00ABCO00 to HO00ABCFE.

2. Register specifications:

BARA = H'01000000, BAMRA = H'00000000, BBRA = H'0066, BARB = H'0000F000,
BAMRB = HFFFF0000, BBRB = H'036A, BDRB = H'00004567, BDMRB = H'00000000,
BRCR = H'00300080

Specified conditions: Channel A/channel B independent mode
¢ Channel A
Address: H'01000000, Address mask: H'00000000
Bus cycle: CPU/data access/read/word
No ASID check is included
¢ Channel B
Y Address: H'0001F000, Address mask: HFFFF0000
Data: H'00004567, Data mask: H'00000000
Bus cycle: CPU/dala access/wrile/word
No ASID check is included

On channel A, a user break occurs during word read to address H01000000 on the memory
space. On channel B, a user break occurs when word H'4567 is written in address H'O001F000
on Y memory space. The X/Y-memory space is changed by a mode specification. Section 3.1,
Memory Map, describes the memory space in detail.
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Break Condition Specified to a DMAC Data Access Cycle

1. Register specifications:

BARA = H'00314156, BAMRA = H'00000000, BBRA = H'0094, BARB = H'00055555,
BAMRB = H'00000000, BBRB = H00A9, BDRB = H'00000078, BDMRB = H'0000000F,
BRCR = H'00000080, BASRA = H'80, BASRB = H'70

Specificd conditions: Channcl A/channcl B independent mode
¢ Channel A

Address: H'00314156, Address mask: H'00000000, ASID: H'S80

Bus cycle:  DMAC/instruction fetch/read (operand size is not included in the condition)
¢ Channel B

Address: H'00055555, Address mask: H'00000000, ASID: H'70

Data: H'00000078, Data mask: H'OO00000OF

Bus cycle: DMAC/data access/write/byte

On channel A, no user break occurs since instruction fetch is not performed in DMAC cycles.
On channel B, a user break occurs with ASID = H'70 when the DMAC writes byte H'7* in
address H'00055555.

Break Condition Specified to On-Chip I/O Access or LDTLB Instruction

Execution

1. Break condition set for on-chip I/O access
Register specifications:

Register Value
BRCR H'00010000

Specified conditions: On-chip I/O break enabled (other register settings have no effect).
When an access to the register occurs, on-chip I/O access break is generated.

2 . Break condition set for LDTLB instruction execution
Register specifications:

Register Value
BRCR H'00020000

Specified conditions: LDTLB execution break enabled (other register settings have no effect).
When an LDTLB instruction is executed, an LDTLB execution break is generated.
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10.3.9 Notes

1. Only CPU can read/write UBC registers.

2. UBC cannot monitor CPU and DMAC access in the same channel.

3. Notes in specification of sequential break are described below:

a. A condition match occurs when B-channel match occurs in a bus cycle after an A-channel
match occurs in another bus cycle in sequential break setting. Therefore, no condition
maltch occurs even if a bus cycle, in which an A-channel maich and a channel B match
occur simultaneously, is set.

b. Since the CPU has a pipeline configuration, the pipeline determines the order of an
instruction fetch cycle and a memory cycle. Therefore, when a channel condition matches in
the order of bus cycles, a sequential condition is satisfied.

¢. When the bus cycle condition for channel A is specified as a break before execution (PCBA
=0 in BRCR) and an instruction fetch cycle (in BBRA), the attention is as follows. A
break is issued and condition match flags in BRCR are set to 1, when the bus cycle
conditions both for channels A and B match simultaneously.

4. The change of a UBC register value is executed in MA (memory access) stage. Therefore, even
if the break condition matches in the instruction fetch address following the instruction in
which the pre-execution break is specified as the break condition, no break occurs. In order to
know the timing UBC register is changed, read the last written register. Instructions after then
are valid for the newly written register value.

5. Notes in specifying the instruction during repeat execution with repeat instruction as the break
condition are as follows: When the instruction during repeat execution is specified as the break
condition,

a. The break is not issued during repeat execution, which has fewer than three instructions.

b. When the execution times break is set, no instruction fetch from memory occurs during
repeat execution under three instructions. Therefore, the execution times register BETR is
not decreased.

6. The branch instruction should not be executed as soon as PC trace register BRSR and BRDR
are read.

7. When PC breaks and TLB exceptions or errors occur in the same instruction. The priority is as
follows:

a. Break and instruction fetch exceptions: Instruction fetch exception occurs first.

b. Break before execution and operand exception: Break before execution occurs first.

¢. Break after execution and operand exception: Operand exception occurs first.
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Section 11 Power-Down Modes

11.1 Overview

In the power-down modes, all CPU and some on-chip supporting module [unctions are halted. This
lowers power consumption.

11.1.1 Power-Down Modes
The SH7729 has three power-down modes:

1. Sleep mode
2. Standby mode
3. Module standby function (TMU, RTC, and SCI on-chip supporting modules)

Table 11.1 shows the transition conditions for entering the modes from the program execution
state, as well as the CPU and supporting module states in each mode and the procedures for
canceling each mode.
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Table 11.1Power-Down Modes
State
CPU On-Chip

Transition Reg- On-Chip Peripheral External Canceling
Mode Conditions CPG CPU ister Memory Modules Pins Memory Procedure
Sleep mode Execute SLEEP Runs Halts Held Held Run Held Refresh 1. Interrupt

instruction with 2. Reset

STBY bit cleared to 0

in STBCR
Standby  Execute SLEEP Halts Halts Held Held Halt*! Held Self-refreshl. Interrupt
mode instruction with 2. Reset

STBY bit setto 1in

STBCR
Module  SetMSTPbitof  Runs Runs Held Held Specified  *2 Refresh 1. Clear MSTP
standby  STBCRto 1 module halts bitto 0

2. Reset
Hardware Drive CApinlow Halts Halts Held Held Halt*s Held Self-refreshPower-on reset
standby
mode
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
SClI external pin: Reset
3. The RTC still runs if the START bit in RCR2 is set to 1. TMU does not run.
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11.1.2 Register Configuration
Table 11.2 shows the configuration of the control register for the power-down modes.

Table 11.2Register Configuration

Name Abbreviation R/W  Initial Access SizeAddress
Value

Standby control register STBCR RW H'00 Byte HFFFFFF82

Standby control register 2~ STBCR2 RW H'00 Byte HFFFFFF88

Note: Initialized by power-on resets. This value is not initialized by manual resets but the
contents are held.
11.1.3 Pin Configuration

Table 11.3 lists the pins used for the power-down modes.
Table 11.3Pin Configuration

Pin Name Symbol 1/0 Description

Processing state STATUSH o Operating state of the processor.
1

Processing state STATUSO HH: Reset, HL: Sleep mode, LH: Standby mode, LL: Normal

0 operation

Wakeup from WAKEUP 0 Low active assert after accepting wakeup interrupt in

standby mode standby mode until returning to normal operation with WDT
overflow.*

Note: H means high level, and L means low level. In the sleep mode that sets the powerdown mode.
The STBCR is initialized to H0O0 by a power-on reset. Always set bits 63 to 0 when writing
to the STBCR register.

11.2 Register Description

11.2.1 Standby Control Register (STBCR)

The standby control register (STBCR) is an 8-bit read/write register that sets the power-down
mode. STBCR is initialized to H'0OO by a power-on reset. Always set bits 6-3 to 0 when writing
to the STBCR register.
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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 RW RW R/W

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 t0 3—Reserved: These bits always read 0. The write value should always as 0.

Bit 2—Module Standby 2 (MSTP2): Specifies halting the clock supply to the timer unit TMU (an
on-chip supporting module). When the MSTP2 bit is set to 1, the supply of the clock to the TMU
is halted.

Bit 2: MSTP2 Description
0 TMU runs. (Initial value)
1 Clock supply to TMU is halted.

Bit 1—Module Standby 1 (MSTP1): Specifies halting the clock supply to the realtime clock RTC
(an on-chip supporting module). When the MSTP1 bit is set to 1, the supply of the clock to RTC
is halted. When the clock halts, all RTC registers become inaccessible, but the counter keeps
running.

Bit 1: MSTP1 Description
0 RTC runs. (Initial value)
1 Clock supply to RTC is halted.

Bit —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 SCl operates. (Initial value)

1 Clock supply to SCl is halted.
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11.2.2 Standby Control Register 2 (STBCR2)

The standby control register 2 (STBCR?2) is a read/write 8-bit register that sets the power-down
mode. The STBCR? is initialized to H'0O during a power-on reset.

Bit: 7 6 5 4 3 2 1 0
Bit name: — MDCHG MSTP8 MSTP7 MSTP6 MSTPS5 MSTP4 MSTP3
Initial value: 0 0 0 0 0 0 0 0

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

Bit 6—Pin MD5 to MDO Control (MDCHG): Specifies whether or not pins MD5 to MDO are
changed in standby mode. When this bit is set to 1, the MD5 to MDO pin values are latched when
returning from standby mode by means of a reset or interrupt.

Bit 6: MDCHG Description

0 Pin MD5 to MDO change is not performed in standby mode (Initial value)

1 Pin MD5 to MDQ change is performed in standby mode

Bit 5— Module Standby 8 (MSTPS): Specifies halting the clock supply to the user break
controller UBC ( an on-chip supporting module). When the MSTPS bit is set to 1, the supply of
the clock to the UBC is halted.

Bit 5: MSTP8 Description
0 UBC runs (Initial value)
1 Clock supply to UBC is halted

Bit 4—Module Stop 7 (MSTP7): Specifies halting of clock supply to the DMAC (an on-chip
peripheral module). When the MSTP7 bit is set to 1, the supply of the clock to the DMAC is
halted.

Bit 4: MSTP7 Description
0 DMAC runs (Initial value)
1 Clock supply to DMAC halted

261
HITACHI



Bit 3—Module Stop 6 (MSTP6): Specifies halting of clock supply to the DAC (an on-chip
peripheral module). When the MSTP6 bit is set to 1, the supply of the clock to the DAC is
halted.

Bit 3: MSTP6 Description
0 DAC runs (Initial value)
1 Clock supply to DAC halted

Bit 2—Module Stop 5 (MSTP5): Specifies halting of clock supply to the ADC (an on-chip
peripheral module). When the MSTPS bit is set to 1, the supply of the clock to the ADC is
halted.

Bit 2: MSTP5 Description
0 ADC runs (Initial value)
1 Clock supply to ADC halted

Bit 1—Module Stop 4 (MSTP4): Specifies halting the clock supply to the serial communication
interface with FIFO (an on-chip peripheral module). When the MSTP1 bit is set to 1, the supply
of the clock to the SCIF is halted.

Bit 1: MSTP4 Description
0 SCIF runs (Initial value)
1 Clock supply to SCIF halted

Bit 0—Module Stop 3 (MSTP3): Specifies halting the clock supply to the infrared data association
interface with FIFO (an on-chip peripheral module). When the MSTP1 bit is set to 1, the supply
of the clock to the IrDA 1is halted.

Bit 0: MSTP3 Description

0 IrDA runs (Initial value)

1 Clock supply to IrDA halted
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11.3 Sleep Mode

11.3.1 Transition to Sleep Mode

Executing the SLEEP instruction when the STBY bit in STBCR is O causes a transition from the
program execution state to sleep mode. Although the CPU halts immediately after executing the
SLEEP instruction, the contents of its internal registers remain unchanged. The on-chip
supporting modules continue to run during sleep mode and the clock continues to be output to the
CKIO pin. In sleep mode, the STATUSI1 pin is set high and the STATUSO pin low. However,
during a refresh cycle, the STATUSI pin and STATUSO pin are both set low.

11.3.2 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. If necessary, save
SPC and SSR in the stack before excuting the SLEEP instruction.

Canceling with an Interrupt: When an NMI, IRL or on-chip supporting module interrupt
occurs, sleep mode is canceled and interrupt exception handling is executed. A code indicating the
interrupt source is set in the INTEVT and INTEVT?2 registers.

Canceling with a Reset: Sleep mode is canceled by a power-on reset or a manual reset.
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11.4 Standby Mode

11.4.1 Transition to Standby Mode

To enter standby mode, sct the STBY bit to 1 in STBCR, then cxecute 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 11.4 lists the states of
registers in standby mode.

Table 11.4Register 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

A/D converter All registers —

D/A converter — All registers

The procedure for moving to standby mode is as follows:

1. Clear the TME bit in the WDT’s timer control register (WTCSR) to 0 to stop the WDT. Set
the WDT’s timer counter (WTCNT) and the CKS2-CKSO bits of the WTCSR register to
appropriate values to secure the specified oscillation settling time.

2. When PLL circuit 1 is running in clock modes 3-6, 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 STATUST pin output
goes low and the STATUSO pin output goes high.
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11.4.2 Canccling Standby Mode

Standby mode is canceled by an interrupt (NMI, IRQ, IRL, PINT, or on-chip supporting module)
or a reset.

Canceling with an Interrupt: The on-chip WDT can be used for hot starts. When the chip
detects an NMI, IRL, IRQ, PINT,*! or on-chip supporting module (except the interval timer)*2
interrupt, the clock will be supplicd to the entire chip and standby mode canceled after the time sct
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 source is set in the
INTEVT and INTEVT? registers. After branching to the interrupt processing routine occurs, clear
the STBY bit in the STBCR register. The WTCNT stops automatically. If the STBY bit is not
cleared, WTCNT continues operation and transits to the standby mode *3 when it reaches H'80.
This function prevents the data from being destroyed due to a rising voltage under an unstable
power supply. 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 CKIO pin may
be unstable, until the processor starts interrupt handling. (The canceling condition is that the
IRL3-IRLO level is higher than the mask level in the I3-I0 bits in the SR register.)

Notes: 1. When the RTC is being used, standby mode can be canceled using IRL3-IRL0, IRQ4—
TRQO or PINTO/1.

2. Standby mode can be canceled with an RTC or TMU (only when running on the RTC
clock) interrupt.

Canceling with a Reset: Standby modc can be canceled with a resct (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.

11.4.3 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 uscd as follows:

1. Enter standby mode using the appropriate procedures.

2. Once standby mode is entered and the clock stopped within the chip, the STATUS1 pin output
is low and the STATUSO pin output is high.

3. Once the STATUSI 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, IRL, IRQ, PINT or on chip supporthing mudule
(cxcept the internal timer) interrupt is input after the change. When the clock is stopped, the same
interrupts are input after the clock is applied.

5. After the time set in the WDT has elapsed, the clock starts being applied internally within the
chip, the STATUS1-STATUSO pins both go low, interrupts are handled, and operation resumes.
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11.5 Module Standby Function

11.5.1 Transition to Module Standby Function

Setting the standby control register MSTP2-MSTPO bits to 1 halts the supply of clocks to the
corresponding on-chip supporting modules. This function can be used to reduce the power
consumption in sleep mode. The module standby function holds the status prior to halt of the
external pins of the on-chip supporting modules. TMU external pins hold their status prior to the
halt. SCT external pins go to the reset state. With a few exceptions, all registers hold their values.

Bit Value Description
MSTP8 0 UBC runs.
1 Supply of clock to UBC halted.
MSTP7 0 DMAC runs.
1 Supply of clock to DMAC halted.
MSTP6 0 DAC runs.
1 Supply of clock to DAC halted.
MSTP5 0 ADC runs.
1 Supply of clock to ADC halted.
MSTP4 0 SCIF runs.
1 Supply of clock to SCIF halted.
MSTP3 0 IRDA runs.
1 Supply of clock to SCIF1 halted.
MSTP2 0 TMU runs.
1 Supply of clock to TMU halted. Registers initialized.™
MSTP1 0 RTC runs.
1 Supply of clock to RTC halted. Register access prohibited. ™2
MSTPO 0 SCI operates.
1 Supply of clock to SCI halted.

Notes: 1. The registers initialized are the same as in standby mode (table 11.4).
2. The counter runs.

11.5.2 Clearing the Module Standby Function

The module standby function can be cleared by clearing the MSTPSLPO MSTP8-MSTPO bits to
0, or by a power-on reset or manual reset.
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11.6 Timing of STATUS Pin Changes
The timing of STATUS1 and STATUSO pin changes is shown in figures 11.1 through 11.9.
The meaning of the STATUS descriptions is as follows:

Reset: HH (STATUSI1 high, STATUSO high)
Sleep: HL (STATUS1 high, STATUSO low)
Standby: LH (STATUS1 low, STATUSO high)
Normal: LL (STATUSI1 low, STATUSO low)

The meaning of the clock units is as follows:

Beye: Bus clock cycle
Pcyc: Peripheral clock cycle

11.6.1 Timing for Resets

Power-On Reset (Clock Modes 0, 1, 2, and 7):

— \ \
'PLL settling } }
. time } }
RESET ! ! }
| | |
o | |
| | |
STATUS Normal ‘ ! Reset Normal
e - A
! | ! !
S 1 | | !
RESETOUT | | |
— - N
0 to 5 Beyc 0 to 30 Beye

Figure 11.1 Power-On Reset (Clock Mode 0, 1, 2, and 7) STATUS Output
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Power-On Reset (Clock Modes 3 and 4):

| | | |
RESET j i j i
| | | |
| | | |
STATUS Normal | ‘ ! Reset Normal
. S A
| | | |
S 1 1 } ‘
RESETOUT } | [
—
0 to 5 Beyc 0 to 30 Beyc

Figure 11.2  Power-On Reset (Clock Mode 3 and 4) STATUS Output

Manual Reset:

| | | |
RESET i 1 i i
| | | |
| | | |
STATUS Normal ‘ . | Reset Normal

— A
| | | |
N I | ‘
RESETOUT | ! | |
| | | |
> b >

0 Bcyc or more*® 0 to 30 Beyce

Note: During manual reset, STATUS becomes HH (reset) and the internal
reset begins after waiting for the executing bus cycle to end.

Figure 11.3 Manual Reset STATUS Output
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11.6.2 Timing for Canccling Standbys

Standby to Interrupt:

Oscillation stops Interrupt request WDT overflow

ckio _[ LT 1T l +_|'|T|'|'|§S]]]_I_+—I_I_I_l_l

WDT count

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

WAKEUP

Figure 11.4  Standby to Interrupt STATUS Output

Standby to Power-On Reset:

Oscillation stops  Reset

ckio _[1 LI l lFﬂTFHTF%SED_I_I_I‘ISSJ_‘—l_I—Fl—l_l

RESETP*

T
|
|
|
|
i
|

STATUS  Normal X Standby Reset

| — PU—
0to 10 Beye 0 to 30 Beyc

Note: When standby mode is cleared with a power-on reset, the WDT does not
count. Keep RESETP low during the PLLs oscillation settling time.

#: Undefined

Figure 11.S  Standby to Power-On Reset STATUS Output
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Standby to Manual Reset:

Oscillation stops Reset

CKIO _I_I_I_I_I_ll +‘I‘I‘|‘I‘I‘ITF$(TI'I "QMS—U_LDIU

| |
| |
RESETM* | | i i
| |
| |
STATUS Normal X Standby X Reset : Normal
' 0t020 Beyc ‘

Note: When standby mode is cleared with a manual reset, the WDT does not count.
Keep RESETM low during the PLLs oscillation settling time.

Figure 11.6 Standby to Manual Reset STATUS Output

11.6.3 Timing for Canceling Sleep Mode

Sleep to Interrupt:

Interrupt request

X Normal

STATUS  Normal >< Sleep

Figure 11.7  Sleep to Interrupt STATUS Output
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Sleep to Power-On Reset:

Reset

|
ckio LML ML T ML L

| |
- | ‘ |
RESETP* | L !
1 o | |
| | | ! |
| ! ‘
STATUS Normal >< Sleep ‘ Reset | X, Normal
| — —
0to 10 Beyc 0 to 30 Beye
Note: When the PLL1’s multiplication ratio is changed by a power-on reset,
keep RESETP low during the PLLs oscillation settling time.
*: Undefined
Figure 11.8 Sleep to Power-On Reset STATUS Output
Sleep (o Manual Resel:
Reset
CKIO » b) ))
| | | | |
| | | | |
RESETM#* } [ ] ! }
| | | | |
: : J :
STATUS Normal Y . Slee ‘ " Reset X Norma
X e X
0 to 80 Beyc 0 to 30 Beyc
Note: Keep RESETM low until the STATUS becomes reset.
Figure 11.9  Sleep to Manual Reset STATUS Output
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11.7 Hardware Standby Function

11.7.1 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 ((software) standby mode).

Hardware standby mode differs from (software) standby mode as follows.

1. Interrupts and manual resets are not accepted.
2. The TMU does not operate.

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

Operation when a low-level signal is input at the CA pin depends on the CPG state, as follows.

1. In standby mode

The clock remains stopped and the chip enters the hardware standby state. Acceptance of
interrupts and manual resets is disabled, TCLK output is fixed low, and the TMU halls.

2. During WDT operation when standby mode is canceled by an interrupt

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

3. Insleep mode

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

4. During PLL standby (see section 9.6 for the PLL standby (unction)
The chip enters hardware standby mode after the PLL turned off.

Hold the CA pin low in hardware standby mode.
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11.7.2 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 RESETP pin is low, clock oscillation is started. Hold
the RESETP pin low until clock oscillation stabilizes. When the RESETP pin is driven high, the
CPU begins power-on reset processing.

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

11.7.3 Hardware Standby Mode Timing
Figures 11.10 and 11.11 show examples of pin timing in hardware standby mode.

The CA pin 1s sampled using EXTAL?2 (32.768 kHz), and a hardwarc standby rcquest is only
recognized when the pin is low for two consecutive clock cycles.

The CA pin must be held low while the chip is in hardware standby mode.

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

Rcyc: EXTAL2 (32.768 kHz) cycle

| |
| |
CKIO NINRNRNENENERERERERENN ) [T
| W |
| |
| |
CA ] 1 ‘:
|
| o
RESETP 1 |
| \
| | |
\ } }
STATUS normal ‘ standby XUndefined ‘ reset
< =3 ‘N—N‘
2 Reyc or more 0-10Bcyc

Figure 11.10 Hardware Standby Mode
(When CA Goes Low in Normal Operation)
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| |
CKIo EENNRNRNRENENRERINEENY D)
|

CA — ]

¢

|
|
|
|
|
|
|
|
RESETP !
|
|
|
T
|
|
|
|
|

T
| |
1 ! }
: !
[ | [ !
| ; |
| ; |
|
T |
STATUS Standby X Normal >< Standby XUndefined ‘ Reset
‘ |
|
WDT operation 0-10 Beye

le

|
|
|
|
|
|
=\
1

2 Rcyc or more

Figure 11.11
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Section 12 On-Chip Oscillation Circuits

12.1 Overview

The clock pulse generator (CPG) supplies all clocks (o the processor and controls the power-down
modes. The watchdog timer (WDT) is a single-channel timer that counts the clock settling time
and 1s 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.

12.1.1 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: An internal clock for the CPU, cache, and TLB (b); a
peripheral clock (P¢) for the on-chip supporting modules; and a bus clock (CKIO) for the
external bus interface.

Frequency change function: Internal and peripheral clock frequencies can be changed
independently using the PLL circuit and divider circuit within the CPG. Frequencies are
changed by software using frequency control register (FRQCR) settings.

PLL on/off function: Power consumption can be decreased by stopping the PLL circuit when
opcrating at low frequencics.

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 interrupts in 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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12.2 Overview of the CPG

12.2.1 CPG Block Diagram

A block diagram of the on-chip clock pulsc generator is shown in figure 12.1.

Clock pulse generato

r

Internal
P clock (19)
Cycle = Icyc

Peripheral

clock (Pg)

Cycle = Pcyc

. Standby

cAPi1 X |
PLL circuit 1 Divider 1
> (x1,2,3,4 »
é, ;3)’ ’ L [ x T |
CKIO — , | x12f> |
x 1/3 P
Cycle = Beyc x 1/4 ™
car2 X
Divider 2
Crystal |,
XTAL & osci”ator - PLL CirCUit 2 x 1 |
i T (x1,4) X 1/2
EXTAL [X] . > }“ x 1/3 >
X 1/4 ™
A J
CPG control unit
4
& Clock frequency |« » Standby control
MD2 control circuit circuit
MD1 X T T
MDo [ FRQCR STBCR

C

A

Y

y

Bus interface

A

>
control

FRQCR: Frequency control register

Internal bus

STBCR: Standby control register

Figure 12.1
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The clock pulse generator blocks function as follows:

1.

PLL Circuit 1: PLL circuit 1 doubles, triples, quadruples, sextuples, octuples, or leaves
unchanged the mput clock frequency from the CKIO terminal. The multiplication rate is set by
the frequency control register. When this is 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 CKIO pin.
PLL Circuit 2: PLL circuit 2 leaves unchanged or quadruples the frequency of the crystal
oscillator or the input clock frequency coming from the EXTAL pin. The multiplication ratio
is fixed by the clock operation mode. The clock operation mode is set by pins MD0, MD1, and
MD2. See table 12.3 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

opcrating 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 division ratio is set in
the frequency control register.

. 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, as long as it stays at or below the clock frequency of
the CKIO pin. The division ratio is set in the frequency control register.

Clock Frequency Control Circuit: The clock frequency control circuit controls the clock
frequency using the MD pin and the frequency control register.

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

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 11, Power-Down Modes, for more information.
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12.2.2 CPG Pin Configuration
Table 12.1 lists the CPG pins and their functions.

Table 12.1Clock Pulse Generator Pins and Functions

Pin Name Symbol 1/0 Description
Maode control MDO | Set the clock operating mode.
pins MDA |

MD2 |

Crystal /O pins  XTAL O  Connects a crystal oscillator.

(clock input pins)

EXTAL | Connects a crystal oscillator. Also used to input an external
clock.
Clock I/O pin CKIO 1’0 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).

12.2.3 CPG Register Configuration
Table 12.2 shows the CPG register configuration.

Table 12.2Register Configuration

Initial
Register Name Abbreviatio R/W Value Address Access
n Size
Frequency control register FRQCR RW  H0102 HFFFFFF80 16
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12.3 Clock Operating Modes

Table 12.3 shows the relationship between the mode control pin (MD2-MDO) combinations and
the clock operating modes. Table 12.4 shows the usable frequency ranges in the clock operating
modes.

Table 12.3Clock Operating Modes

Pin Values  Clock /O p |5 pLL1 Divider Divider CKIO
1 2
Mod MD MD MD SourceQOutput On/OffOn/Offlnput Input Frequency
e 2 1 0
0 0o o0 0 EXTAL CKIO On, On PLLA PLLA (EXTAL)
multi- output
plication
ratio: 1
1 0o 0 1 EXTAL CKIO On, On PLLA PLLA (EXTAL) x 4
multi- output
plication
ratio: 4
2 o 1 0 Crystal CKIO On, On PLL1 PLL1 (Crystal) x 4
oscillato multi- output
r plication
ratio: 4
3 0o 1 1 EXTAL CKIO On, Off PLL2 PLL2 (EXTAL) x 1
multi-  (initial output
plication value)
ratio: 1
On PLLA1
output
4 1 0 O Crystal CKIO On, Off PLL2 PLL2 (Crystal) x 1
oscillato multi-  (initial output
r plication value)
ratio: 1
On PLLA
output
7 1 1 1 CKIO - Off On PLLA PLLA1 (CKIO)
output

HITACHI
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Mode 0: An external clock is input from the EXTAL pin and undergoes waveform shaping by
PLL circuit 2 before being supplied inside this LSI. PLL circuit 1 is constantly on, and there are
no frequency range restrictions compared to mode 3. An input clock frequency of 16 MHz to 66
MHz can be used, and the CKIO frequency range is 10 MHz to 66 MHz.

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

Mode 1: An external clock is input from the EXTAL pin and its frequency is multiplied by 4 by
PLL circuit 2 before being supplied inside this LSI, allowing a low-frequency external clock to be
used. An input clock frequency of 5 MHz to 16.7 MHz can be used, and the CKIO frequency range
is 20 MHz to 66 MHz.

As PLL 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 this LSI, allowing a low crystal frequency to be
used. A crystal oscillation frequency of 5 MHz to 16.7 MHz can be used, and the CKIO frequency
range is 20 MHz to 66 MHz.

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

Mode 3: An external clock is input from the EXTAL pin and undergoes waveform shaping by
PLL circuit 2 before being supplied inside this LSI. PLL circuit 1 is off in the default state at
power-on reset, and PLL circuit 1 can be selected as on or off, enabling power consumption to be
kept lower than in mode 0. An input clock frequency of 16 MHz to 33 MHz can be used, and the
CKIO frequency range is 16 MHz to 33 MHz.

Mode 4: The on-chip crystal oscillator operates, with its output supplied inside this LST 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 16 MHz to 33 MHz can be used, and the CKIO frequency range
is 16 MHz to 33 MHz.

Mode 7: In this mode, the CKIO pin is an input, an external clock is input to this pin, and
undergoes waveform shaping, and also frequency multiplication according to the setting, by PLL
circuit 1 before being supplied to this LSI. In modes 0 to 4, the system clock is generated from the
output of this LST’s CKIO pin. Consequently, if a large number of ICs are operating on the clock
cycle, the CKIO pin load will be large. This mode, however, assumes a comparatively large-scale
system. If a large number of ICs are operating on the clock cycle, a clock generator with a number
of low-skew clock outputs can be provided, so that the ICs can operate synchronously by
distributing the clocks to each one.
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As PLL circuit 1 compensates for fluctuations in the CKIO pin load, this mode is suitable for
connection of synchronous DRAM.

Table 12.4Available Combination of Clock Mode and FRQCR Values

Clock Clock Input Frequency CKIO Frequency
Mode FRQCR PLL1 PLL2 Rate* Range Range
(1:B:P)

0 H'0100 ON(x1) ON(x1) 1:1:1 20MHzto 33 MHz 20 MHz to 33 MHz
H'0101 ON(x1) ON(x1) 1:1:1/2 20MHzto 66 MHz 20 MHz to 66 MHz
H'0102 ON(x1) ON(x1) 1:1:1/4 20MHz to 66 MHz 20 MHz to 66 MHz
H'0111 ON(x2) ON(x1) 2:1:1 20MHzto 33 MHz 20 MHz to 33 MHz
H'0112 ON(x2) ON(x1) 2:1:1/2 20MHz to 66 MHz 20 MHz to 66 MHz
H'0115 ON(x2) ON(x1) 1:1:1 20MHzto 33 MHz 20 MHz to 33 MHz
H'0116 ON (x2) ON(x1) 1:1:1/2 20MHz to 66 MHz 20 MHz to 66 MHz
H'0122 ON (x4) ON(x1) 4:1:1 20MHzto 33 MHz 20 MHz to 33 MHz
H'0126 ON (x4) ON(Xx1) 2:1:1 20MHzto 33 MHz 20 MHz to 33 MHz
H'012A ON (x4) ON(x1) 1:1:1 20MHzto 33 MHz 20 MHz to 33 MHz
H'A100 ON(x3) ON(x1) 3:1:1 25MHzto 33 MHz 25 MHz to 33 MHz
H'A101 ON(x3) ON(x1) 3:1:1/2 25MHz to 44 MHz 25 MHz to 44 MHz
H'E100 ON(x3) ON(x1) 1:1:1 25MHzt0 33 MHz 25 MHz to 33 MHz
H'E101 ON(x3) ON(x1) 1:1:1/2 25MHz to 44 MHz 25 MHz to 44 MHz
H'A111 ON (x6) ON(x1) 6:1:1 20MHzto 22 MHz 20 MHz to 22 MHz

1,2 H'0100 ON(x1) ON(x4) 4:4:4 5MHz to 8.3 MHz 20 MHz to 33 MHz
H'0101 ON (x1) ON(x4) 4:4:2 5MHzto 16.7 MHz 20 MHz to 66 MHz
H'0102 ON(x1) ON(x4) 4:4:1 5MHzto 16.7 MHz 20 MHz to 66 MHz
H'0111 ON (x2) ON(x4) 8:4:4 5 MHz to 8.3 MHz 20 MHz to 33 MHz
H'0112 ON (x2) ON(x4) 8:4:2 5MHzto 16.6 MHz 20 MHz to 66 MHz
H'0115 ON (x2) ON(x4) 4:4:4 5 MHz to 8.3 MHz 20 MHz to 33 MHz
H'0116 ON (x2) ON(x4) 4:4:2 5MHzto 16.6 MHz 20 MHz to 66 MHz
H'0122 ON (x4) ON(x4) 16:4:4 5 MHz to 8.3 MHz 20 MHz to 33 MHz
H'0126 ON (x4) ON(x4) 8:4:4 5 MHz to 8.3 MHz 20 MHz to 33 MHz
H'012A ON (x4) ON(x4) 4:4:4 5 MHz to 8.3 MHz 20 MHz to 33 MHz
H'A100 ON(x3) ON((x4) 12144 5 MHz to 8.3 MHz 20 MHz to 33 MHz
H'A101 ON(x3) ON(x4) 12:4:2 5MHz to 11 MHz 20 MHz to 44 MHz
HE100 ON(x3) ON(x4) 4:4:4 5 MHz to 8.3 MHz 20 MHz to 33 MHz
H'E101 ON(x3) ON(x4) 4:4:2 5MHz to 11 MHz 20 MHz to 44 MHz
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Table 12.4Available Combination of Clock Mode and FRQCR Values (cont)

Clock Clock Input Frequency CKIO Frequency
Mode FRQCR PLL1 PLL2 Rate* Range Range
(1:B:P)

3,4 H'0100 OFF ON(X1) 1:1: 16 MHzto 33 MHz 16 MHz to 33 MHz
H'0101 OFF ON((x1) 1:1:1/2 16 MHzto 33 MHz 16 MHz to 33 MHz
H'0102 OFF ON((x1) 1:1:1/4 16 MHzto 33 MHz 16 MHz to 33 MHz
H'01D0 ON(x2) ON((x1) 2:1:1 16 MHzto 33 MHz 16 MHz to 33 MHz
H'01D1 ON((x2) ON(x1) 2:1:1/2 16 MHzto 33 MHz 16 MHz to 33 MHz
H'01D2 ON((x2) ON(Xx1) 2:1:1/4 16 MHzZto 33 MHz 16 MHz to 33 MHz
H01D4 ON(x2) ON(x1) 1:1:1 16 MHzZto 33 MHz 16 MHz to 33 MHz
HO01D5 ON(x2) ON(x1) 1:1:1/2 16 MHzto 33 MHz 16 MHz to 33 MHz
H01D6  ON(x2) ON(x1) 1:1:1/4 16 MHzto 33 MHz 16 MHz to 33 MHz
H'81CO ON(x3) ON((x1) 3:1:1 16 MHzto 33 MHz 16 MHz to 33 MHz
H'81C1 ON((x3) ON(x1) 3:1:1/2 16 MHzto 33 MHz 16 MHz to 33 MHz
HC1CO ON(x3) ON(x1) 1:1:1 16 MHzto 33 MHz 16 MHz to 33 MHz
H'C1CA ON (x3) ON(x1) 1:1:1/2 16 MHzto 33 MHz 16 MHz to 33 MHz
H'O1EO ON(x4) ON(x1) 4:1:1 16 MHzto 33 MHz 16 MHz to 33 MHz
H'O1E1 ON(x4) ON(x1) 4:1:1/2 16 MHzto 33 MHz 16 MHz to 33 MHz
HO1E4  ON(x4) ON(x1) 2:1:1 16 MHzto 33 MHz 16 MHz to 33 MHz
HO1E5  ON(x4) ON(x1) 2:1:1/2 16 MHzto 33 MHz 16 MHz to 33 MHz
HO1E6  ON(x4) ON(x1) 2:1:1/4 16 MHzto 33 MHz 16 MHz to 33 MHz
HO1E8 ON(x4) ON(x1) 1:1:1 16 MHzto 33 MHz 16 MHz to 33 MHz
H'O1E9 ON(x4) ON(x1) 1:1:1/2 16 MHzto 33 MHz 16 MHz to 33 MHz
HO1EA  ON(x4) ON(x1) 1:1:1/4 16 MHzto 33MHz 16 MHz to 33 MHz
H'01FO ON(x8) ON(x1) 8:1:1 16 MHz to 16.6 MHz 16 MHz to 16.6 MHz
H'81D0 ON(x6) ON((x1) 6:1:1 16 MHzto 22 MHz 16 MHz to 22 MHz

7 H'0100 ON(x1) OFF 1:1:1 20 MHzto 33 MHz 20 MHz to 33 MHz
H'0101 ON(x1) OFF 1:1:1/2 20 MHzto 66 MHz 20 MHz to 66 MHz
H'0102 ON(x1) OFF 1:1:1/4 20 MHzto 66 MHz 20 MHz to 66 MHz
H'0111 ON (x2) OFF 2:1:1 20 MHzto 33 MHz 20 MHz to 33 MHz
H'0112 ON(x2) OFF 2:1:1/2 20 MHzto 66 MHz 20 MHz to 66 MHz
H'0115 ON (x2) OFF 1:1:1 20 MHzto 33 MHz 20 MHz to 33 MHz
H'0116 ON (x2) OFF 1:1:1/2 20 MHzto 66 MHz 20 MHz to 66 MHz
H'0122 ON (x4) OFF 4:1:1 20 MHzto 33 MHz 20 MHz to 33 MHz
H'0126 ON (x4) OFF 2:1:1 20 MHzto 33 MHz 20 MHz to 33 MHz
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H'012A ON (x4) OFF 1:1:1 20MHz to 33MHz 20 MHz to 33 MHz

Table 12.4Available Combination of Clock Mode and FRQCR Values (cont)

Clock Clock Input Frequency CKIO Frequency
Mode FRQCR PLL1 PLL2 Rate* Range Range
(1:B:P)
7 H'A100 ON (x3) OFF 3:1:1 25MHzt0 33 MHz 25 MHz to 33 MHz
H'E100 ON (x3) OFF 1:1:1 25MHzt0 33MHz 25 MHz to 33 MHz
H'E101 ON(x3) OFF 1:1:1/2 25MHzto 44 MHz 25 MHz to 44 MHz
H'A111 ON (x6) OFF 6:1:1 20MHzto 22 MHz 20 MHz to 22 MHz

Max. frequency: Ip = 133 MHz, B¢ (CKIO) = 66 MHz, Py = 33 MHz
Note: * Taking input clock as 1

Cautions:

1. When clock operating modes 3, 4 are used:
o The on/off state of PLL circuit 1 is set by the frequency control register.
e PLL circuit 1 is initialized to the off state by a power-on reset.
e Always turn PLL circuit 1 off before going into standby mode.
2. The input to divider 1 becomes the output of:
e PLL circuit 1 when PLL circuit 1 is on.
¢ PLL circuit 2 when PLL circuit 1 is off and PLL circuit 2 is on.
3. The input of divider 2 becomes the output of:
e PLL circuit 1 when the clock operating mode is 0-2 or 7.
¢ PLL circuit 2 when the clock operating mode is 3, 4 and PLL circuil 2 is on.
4. The frequency of the internal clock (I¢) becomes:

¢ The product of the frequency of the CKIO pin, the frequency multiplication ratio of PLL
circuit 1, and the division ratio of divider 1 when PLL circuit 1 is on.

s 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. The frequency of the peripheral clock (Pd) becomes:

¢ The product of the frequency of the CKIO pin, the frequency multiplication ratio of PLL
circuit 1, and the division ratio of divider 2 when the clock operating mode is 0-2 or 7.

¢ The product of the frequency of the CKIO pin and the division ratio of divider 2 when
the clock operating mode is 3, 4.

o The peripheral clock frequency should not be set higher than the frequency of the CKIO
pin, higher than 33 MHz, or lower than 1/8 the internal clock (I¢).
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6. The output frequency of PLL circuit 1 is the product of the CKIO frequency and the
multiplication ratio of PLL circuit 1. This frequency should be equal to or lower than 133
MHz.

7. x1,x2,%x3,%x4, %6, or x 8 can be used as the multiplication ratio of PLL circuit 1. X 1, X
172, x 1/3, x 1/4, and x 1/6 can be selected as the division ratios of dividers 1 and 2. Set the
rate in the frequency control register. The on/off state of PLL circuit 2 is determined by the
mode.

12.4 Register Descriptions

12.4.1 Frequency Control Register (FRQCR)

The frequency control register (FRQCR) is a 16-bit read/write register used to specify whether a
clock is output from the CKIO pin, the on/off state of PLL circuit 1, PLL standby, the frequency
multiplication ratio of PLL circuit 1, and the frequency division ratio of the internal clock and the
peripheral clock.

Only word access can be used on the FRQCR register. FRQCR is initialized to H'0102 by a
power-on reset, but retains its value in a manual reset and in standby mode.

FRQCR:

Bit: 15 14 13 12 11 10 9 8

Bit name: STC2 IFC2 PFC2 — — — SLPFRQ CKOEN
Initial value: 0 0 0 0 0 0 0 1

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

Bit: 7 6 5 4 3 2 1 0

Bit name: PLLEN PSTBY STC1 STCO IFCA IFCO PFCA PFCO
Initial value: 0 0 0 0 0 0 1 0

RW: RW RW RW RW RW RW RW RwW

Bit 9—Divide Ratio of the External Bus Clock in the Sleep Mode (SLPFRQ):
SLPFRQ specifies the divide ratio of the external bus clock in the sleep mode in clock modes 3 (o
7. The clock frequency output from the CKIO is not changed. Since the memory refresh cycle is
fixed by the bus state controller, the RTSCR register or other setting needs not to be changed.
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Bit 9: SLPFRQ Description

0 External bus clock is hot changed in the sleep mode. (Initial
value)

1 External bus clock is multiplied by 1/4 in the sleep mode.

Bit 8—Clock Output Enable (CKOEN): Used to output a clock from the CKIO pin or to
fix the level of the CKIO pin. Even when the level is fixed, the SH7729 will operate intcrnally at
the frequency before the level was fixed. Set this bit to 1 in clock operating modes 0-2. In case of
clock operating mode 7, the CKIO pin becomes an input pin irrespective of the value of this bit.

Bit 8: CKOEN Description

0 Fixes the level of CKIO pin.
1 Outputs a clock from the CKIO pin. (Initial
value)

Bit 7—PLL Circuit Enable (PLLEN): Specifies the on/off state of PLL circuit 1. This bit
is valid in clock operating modes 3 and 4. PLL circuit 1 goes on when the clock operating mode is
0-2 or 7 irrespective of the value of PLLEN.

Bit 7: PLLEN Description

0 PLL circuit 1 is not used. (Initial
value)

1 PLL circuit 1 is used.

Bit 6—PLL Standby (PSTBY): Specifies PLL standby. When PLL standby is active, PLL
circuit 1 will be in standby mode at the frequency specified by the STC bit. This function is valid
in clock operating modes 3 and 4.

Bit 6: PSTBY Description

0 PLL is not in standby mode. (Initial
value)

1 PLL is in standby mode.

Bits 15, 5 and 4—Frequency Multiplication Ratio (STC2, STC1, STCO0): These
bits specify the frequency multiplication ratio of PLL circuit 1.
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Bit 15: STC2 Bit 5: STC1 Bit 4: STCO Description

0 0 0 x 1 (Initial value)
0 0 1 X 2
1 0 0 x 3
0 1 0 x 4
1 0 1 X6
0 1 1 x 8

Note: Do not set the output frequency of PLL circuit 1 higher than 133 MHz.

Bits 14, 3 and 2—Internal Clock Frequency Division Ratio (IFC2, IFCI,
IFCO0): 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 14: IFC2 Bit 3: IFCH Bit 2: IFCO Description

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

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

Bits 13, 1 and 0—Peripheral Clock Frequency Division Ratio (PFC2, PFCI,
PFCO0): 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 X 1/2

1 0 0 x 1/3

0 1 0 x 1/4

1 0 1 %X 1/6 (Initial value)

Note: Do not set the peripheral clock frequency higher than the frequency of the CKIO pin.
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12.5 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, 4 the frequency can also be changed by turning PLL circuit 1 on and off, as
described in section 12.6, PLL Standby Function.

12.5.1 Changing the Multiplication Rate

A PLL settling time is required when the multiplication rate of PLL circuit 1 is changed. The on-
chip WDT counts the settling time.

1.
2.

In the initial state, the multiplication rate of PLL circuit 1 is 1.

Set a value that will become the specified oscillation settling time in the WDT and stop the
WDT. The following must be set:

WTCSR register TME bit = 0: WDT stops

WTCSR register CKS2—-CKSO bits: Division ratio of WDT count clock

WTCNT counter: Initial counter value

. Set the desired value in the STC2, STC1 and STCO bits. The division ratio can also be set in

the IFC2-IFCO bits and PFC2-PFCO bits.

. 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.

. 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.

12.5.2 Changing the Division Ratio

The WDT will not count unless the multiplication rate is changed simultaneously.

1.
2.

In the initial state, IFC2-IFCO = 000 and PFC2—PFCO = 010.

Set the IFC2, IFC1, IFCO, PFC2, PFEC1, 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.

. The clock is immediately supplied at the new division ratio.

287
HITACHI



12.6 PLL Standby Function

12.6.1 Overview of the PLL Standby Function

When operating in clock modes 3 and 4, the internal clock can be controlled by turning the PLL1
circuit on and off. A long oscillation settling time is required, however, when the PLL circuit is
started up from a complete halt. During this time, processor operation halts. To enable fast on/off
switching of the PLL1 circuit, the PLL standby function is provided. This function is controlled
by software using the frequency control register. The use of the PLL standby function is described
below.

12.6.2 Usage
From Off to On:

1. Imigally, PSTBY =0, PLLEN = 0, and PLL circuit 1 is stopped. The output of PLL circuit 2
i8 uscd for divider 1 input.

2. When the multiplication rate of PLL circuit 1 is set in the STC2-STCO bits and PSTBY is set
to 1, PLL circuit 1 begins oscillating at the specified multiplication rate. The input to divider 1
is still the output of PLL circuit 2 at this point.

3. After PLL circuit 1 oscillation has stabilized, the input of divider 1 switches when PLLEN is
set to 1 and the oscillation output of PLL circuit 1 is divided and becomes the internal clock.
At this time, the division ratio can be changed by changing the settings of IFC2-IFC0 and
PFC2-PFCO. For several cycles before and after the clock switches, the internal clock will be
stopped, but the peripheral clock and CKIO output do not stop.

From On to Off:

1. When PLLEN is set to 0, the input of divider 1 switches to the output of PLL circuit 2. At
this time, the division ratio can be changed by changing the settings of IFC2-IFCO0 and PFC2—
PFCO0.

2. When PSTBY is set to 0, PLL circuit 1 stops. This setting can be performed simultaneously
(and with the same instruction as) the setting in 1 above.

Notes: 1. There are some restrictions on the PLL standby state (PSTBY = 1, PLLEN = () as
follows: The settings of the frequency control register’s CKOEN, STC2-STCO,
IFC2-TFC0 and PFC2-PFCO0 bits generally cannot be changed. In some cases,
however, they can be changed if the PSTBY and PLLEN bit settings are also changed
simultaneously (figure 12.2). The SLEEP instruction cannot be executed.

2. It is the responsibility of software to ensure the oscillation settling time. If PLLEN is
set to 1 before the oscillation has settled, malfunctions may be caused by an unstable
clock.
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3. In clock modes 3 and 4, this LSTI cannot go to standby mode while PLL circuit 1 is on.
Always set PSTBY and PLLEN to O to stop PLL circuit 1 before going to standby
mode.

4. When PSTBY and PLLEN are both changed from O to 1 together, the WDT will
automatically start counting and the clock will switch when the WDT overflows. See
section 12.5, Changing the Frequency, for setting the WDT.

PSTBY =1
and PLLEN =0

PSTBY = 1 ’ PLLEN = 1
STC)

( (IFC, PFC)
— " 3/ Pt \—"
-— -—
PSTBY = 0 standby /™ o EN-o
e (STC) (STC, IFC, PFC) STEY 1

and PLLEN =0 PSTBY = 0, PLLEN = 0 and PLLEN =1

(STC, IFC, PFC)

Note: Bits in parentheses can be changed simultaneously.

Figure 12,2  State Transitions for the PLL Standby Function

12,7 Controlling Clock Output

The CKOEN bit in the FRQCR register can be used to switch between outputting a clock to the
CKIO pin or having the level fixed.

12.7.1 Clock Modes 0-2

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

12.7.2 Clock Modes 3, 4

The CKIO output changes as soon as the CKOEN bit is changed. When the WDT is started by
simultaneously changing the multiplication rate of PLL circuit 1 or switching PLL circuit 1 on or
off, the WDT starts running after the CKIO output is switched, and then the internal clock
changes.
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12.8 Overview of the WDT

12.8.1 Block Diagram of the WDT

Figurc 12.3 shows a block diagram of thc WDT.

WDT
Standby Standoy |e Standby
cancellation ™ control | mode
4 | Peripheral
| | v £ clock
m?ég:t < oFci)ist?(tnl - ‘ Divider |
request [ Clock selection l l l l l l l l
v 4% Clock selector |
Overflow T
Interrupt _ Interrupt |«
request control |« Clock
A 4
WTCSR WTCNT
( Bus interface )
A
- r » |nternal bus

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

Figure 12.3 Block Diagram of the WDT

12.8.2 Register Configurations

The WDT has two registers that select the clock, switch the timer mode, and perform other
functions. Table 12.5 shows the WDT register.
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Table 12.5Register Configuration

Name Abbreviatio R/W Access Size Initial Address
n Value
Watchdog timer counter  WTCNT R/W* R: byte; H'00 H'FFFFFF84
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.

12.9 WDT Registers

12.9.1 Watchdog Timer Counter (WTCNT)

The watchdog timer counter (WTCNT) is an 8-bit read/write counter that increments on the
selected clock. When an overflow occurs, it generates a reset in watchdog timer mode and an
interrupt in interval time mode. Its address is HFFFFFF84. The WTCNT counter is initialized to
H'00 only by a power-on reset through the RESET pin. Use a word access to write to the WTCNT
counter, with H'SA 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: RW R/W RW RW RW R/W RW R/W

12.9.2 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 HFFFFFE86. The WTCSR regisler is inilialized to H'0O only by a power-on resel
through the RESET pin. When a WDT overflow causes an internal reset, the WTCSR retains its
value. When used to count the clock settling time for canceling a standby, it retains its value after
counter overllow. Use a word access Lo wrile 10 the WTCSR counter, with H'AS in the upper byle.
Use a byte access to read WTCSR.

Bit: 7 6 5 4 3 2 1 0
TME WT/AT RSTS WOVF IOVF CKS2 CKS1 CKSO0
Initial value: 0 0 0 0 0 0 0 0

R/W: RMW RW RW RW RW RW 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 a watchdog timer
or an interval timer.

Bit 6: WT/IT Description

0 Use as interval timer (Initial
value)

1 Use as watchdog timer

Note: If WT/IT is modified when the WDT is running, the up-count may not be performed correctly.

Bit 5—Reset Select (RSTS): Selects the type of reset when the WTCNT overflows in
watchdog timer mode. In interval timer mode, this setting is ignored.

Bit 5: RSTS Description

0 Power-on reset (Initial
value)

1 Manual reset

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
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Bits 2 to 0—Clock Select 2-0 (CKS2—-CKS0): These bits select the clock to be used for
the WTCNT count from the eight types obtainable by dividing the peripheral clock. The overflow
period in the table is the value when the peripheral clock (P¢) is 15 MHz.

Overflow Period
Bit 2: CKS2 Bit 1: CKS1 Bit 0: CKSO0 Clock Division Ratio (when P¢ = 15 MHz)

0 0 0 1 (Initial value) 17 us
1 1/4 68 us
1 0 1/16 273 s
1 1/32 546 s
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.

12.9.3 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 WI'CNT 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'SA and transfer the lower byte as the write data, as shown in
figure 12.4. When writing to WTCSR, set the upper byte to H'AS and transfer the lower byte as
the write data. This transfer procedure writes the lower byte data to WTCNT or WTCSR.

WTCNT write
15 8 7 0
Address: H'FFFFFE84 H'5A Write data
WTCSR write
15 8 7 0
Address: HFFFFFES6 H'AS | Write data

Figure 12.4  Writing to WTCNT and WTCSR
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12.10 Using the WDT

12.10.1 Canceling Standbys

The WDT can be used to cancel standby mode with an NMI or other interrupts. The procedure is
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.

. Set the type of count clock used in the CKS2-CKSO0 bits in WTCSR and the initial values for

the counter in the WTCNT counter. These values should ensure that the time till count
overflow is longer than the clock oscillation scttling time.

. Move to standby mode by executing a SLEEP instruction to stop the clock.
. The WDT starts counting by detecting the edge change of the NMI signal or detecting

interrupts.

. When the WDT count overflows, the CPG starts supplying the clock and the processor

resumes operation. The WOVF flag in WTCSR is not set when this happens.

Since the WDT continues counting from H’00, set the STBY bit in the STBCR register to 0
in the interrupt processing program and this will stop the WDT. When the STBY bit remains
1, the SH7729 again enters the standby mode when the WDT has counted up to H’80. This
standby mode can be canceled by power-on resets.

12.10.2 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.

. Set the type of count clock used in the CKS2—-CKSO0 bits of WTCSR and the initial values for

the counter in the WTCNT counter. These values should ensure that the time till count
overflow is longer than the clock oscillation settling time.

. When the frequency control register (FRQCR) is written, the clock stops and the processor

enters standby mode temporarily. The WDT starts counting.

. When the WDT count overflows, the CPG resumes supplying the clock and the processor

resumes operation. The WOVF flag in WTCSR is not set when this happens.

. The counter stops at the values H'00-H'01. The stop value depends on the clock ratio.
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12.10.3Using Watchdog Timer Mode

1. Set the WI/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—CKSO bits, and set the initial value of the counter in the WTCNT
counter.

2. Set the TME bit in WTCSR to 1 to start the count in watchdog timer mode.

3. While operating in watchdog timer mode, rewrite the counter periodically to H'0O to prevent
the counter from overflowing.

4. 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.

12.10.4 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 CKS2—
CKSO bits, and set the initial value of the counter in the WTCNT counter.

2. Set the TME bit in WTCSR to 1 to start the count in interval timer mode.

3. When the counter overflows, the WDT sets the IOVF flag in WTCSR to 1 and an interval
timer interrupt request is sent to INTC. The counter then resumes counting.
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12.11 Notes on Board Design

When Using an External Crystal Resonator: Place the crystal resonator, capacitors CL1
and CL2, and damping resistor R close to the EXTAL and XTAL pins. To prevent induction from
interfering with correct oscillation, use a common grounding point for the capacitors connected to
the resonator, and do not locate a wiring pattern near these components.

Avoid crossing
signal lines

EXTAL XTAL

SH7729

Note: The values for CL1, CL2, and the damping resistance should be determined after
consultation with the crystal manufacturer.

Figure 12.5 Points for Attention when Using Crystal Resonator

Dccoupling Capacitors: As far as possible, insert a laminated ceramic capacitor of 0.01 to
0.1 uF as a passive capacitor for each Vgo/V pair. Mount the passive capacitors as close as
possible to the SH3 power supply pins, and use components with a frequency characteristic
suitablc for the SH3 opcrating frequency, as well as a suitable capacitance valuc.,

Digital system Ve/Ve pairs: 1921, 27-29, 33-35, 45-47, 57-59, 69-71, 79-81, 83-85, 95-97,
109-111, 132-134, 153-154, 161-163, 173-175, 181-183, 205-208

On-chip oscillator Vgo/ Ve pairs: 3-6, 145-147, 148-150

When Using a PLL Oscillator Circuit: Keep the wiring from the PLL Ve and Vgg
connection pattern to the power supply pins short, and make the patiern width large, (0 minimize
the inductance component. Ground the oscillation stabilization capacitors C1 and C2 to Vg
(PLL1) and Vg (PLL2), respectively. Place C1 and C2 close to the CAP1 and CAP2 pins and do
not locate a wiring pattern in the vicinity. In clock mode 7, connect the EXTAL pin t0 V. Or Vgg
and leave the XTAL pin open.
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Avoid crossing
signal lines

Vee (PLL2)

CAP2
Vgs (PLL2)

Vee (PLLT)

CAP1

Vgs (PLL1) |

Vee

Power supply

Reference values
C1 =470 pF
C2 =470 pF

Figure 12.6

Points for Attention when Using PLL Oscillator Circuit

HITACHI
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Section 13 Bus State Controller (BSC)

13.1 Overview

The bus state controller (BSC) divides physical address space and output control signals for various
types of memory and bus interface specifications. BSC functions enable this LSI to link directly
with DRAM, SDRAM, SRAM, ROM, and other memory storage devices without an external
circuit. The BSC also allows direct connection to PCMCIA interfaces, simplifying system design
and allowing high-speed data transfers in a compact system.

13.1.1 Features
The BSC has the following features:

® Physical address space is divided into six areas

— A maximum 64 Mbytes for each of the six areas, 0, 2-6

— Area bus width can be selected by register (area 0 is set by external pin)

— Wait states can be inserted using the WATT 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 (1-38 cycles for areas 5 and
6 and the PCMCIAT interface only)

— 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, EDO mode, and short-pitch access)
— Supports CAS-before-RAS refresh and self-refr