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Cautions

Keep safety first in your circuit designs!

1

Renesas Technology Corporation puts the maximum effort into making semiconductor products better and more reliable, but
there is always the possibility that trouble may occur with them. Trouble with semiconductors may lead to persond injury, fire
or property damage.

Remember to give due consideration to safety when making your circuit designs, with appropriate measures such as (i)
placement of substitutive, auxiliary circuits, (ii) use of nonflammable materia or (iii) prevention against any malfunction or
mishap.

Notes regarding these materias

1

These materials are intended as areference to assist our customers in the selection of the Renesas Technology Corporation
product best suited to the customer's application; they do not convey any license under any intellectua property rights, or any
other rights, belonging to Renesas Technology Corporation or athird party.

Renesas Technology Corporation assumes no responsibility for any damage, or infringement of any third-party's rights,
originating in the use of any product data, diagrams, charts, programs, agorithms, or circuit application examples contained in
these materials.

All information contained in these materials, including product data, diagrams, charts, programs and agorithms represents
information on products at the time of publication of these materials, and are subject to change by Renesas Technology
Corporation without notice due to product improvements or other reasons. It is therefore recommended that customers contact
Renesas Technology Corporation or an authorized Renesas Technology Corporation product distributor for the latest product
information before purchasing a product listed herein.

Theinformation described here may contain technical inaccuracies or typographical errors.

Renesas Technology Corporation assumes no responsibility for any damage, liability, or other lossrising from these
inaccuracies or errors.

Please d so pay attention to information published by Renesas Technology Corporation by various means, including the
Renesas Technology Corporation Semiconductor home page (http://www.renesas.com).

When using any or all of theinformation contained in these materials, including product data, diagrams, charts, programs, and
algorithms, please be sure to evaluate al information as atotal system before making afinal decision on the applicability of
theinformation and products. Renesas Technology Corporation assumes no responsibility for any damage, liability or other
loss resulting from the information contained herein.

Renesas Technology Corporation semiconductors are not designed or manufactured for use in adevice or system that is used
under circumstances in which human lifeis potentialy at stake. Please contact Renesas Technology Corporation or an
authorized Renesas Technology Corporation product distributor when considering the use of a product contained herein for
any specific purposes, such as apparatus or systems for transportation, vehicular, medica, aerospace, nuclear, or undersea
repeater use.

The prior written approva of Renesas Technology Corporation is necessary to reprint or reproduce in whole or in part these
materials.

If these products or technologies are subject to the Japanese export control restrictions, they must be exported under alicense
from the Japanese government and cannot be imported into a country other than the approved destination.

An)r: It:)i‘v:rds' on or reexport contrary to the export control laws and regulations of Japan and/or the counwa '?*; ?’%i@ﬁ{?{k" EM L.
prohibited.

Please contact Renesas Technology Corporation for further details on these materials or the products contained therein.
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Cautions

1

o

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

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

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

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

This product is not designed to be radiation resistant.

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

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




Preface

The SH7604 implements high-performance operations by using a CPU which employsthe
Reduced Instruction Set Computer (RISC) system. The SH7604 is a new-generation RISC
microcomputer which realizes low power consumption, an essential feature of microcomputer
devices, aswell asintegrating peripheral features necessary for system configuration.

The CPU of the SH7604 has a set of RISC-type instructions; basic instructions operate at one state
per instruction, that is, in one system clock cycle, dramatically increasing execution speeds. The
SH7604 incorporates a 32-bit multiplier which performs high-speed sum-of-product (multiply-
and-accumulate) operations. Instructions used by the SH7604 are upwardly compatible with the
SH7000 Series, allowing easy migration from the SH7000 Series to the SH7604.

Moreover, the SH7604 incorporates on-chip peripheral modules such as an interrupt controller
(INTC), direct memory access controller (DMAC), division unit (DIVU), timers (FRT, WDT),
and serial communication interface (SCI), so that a user system can be configured using the
minimum number of parts.

On-chip cache memory enhances the CPU throughput. A bus control feature, which supports
external memory access, improves external memory access efficiency, alowing direct connection
to synchronous DRAM, DRAM, and pseudo-SRAM without the help of glue logic.

This hardware manual explains the hardware features of the SH7604. For details of instructions,
see the Programming Manual .

Related Documents

SH7604 instructions

“SH-1/SH-2 Programming Manual” (Document No.: ADE-602-063B)

For the development environment system, call your nearest Hitachi sales office.
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List of Items Revised or Added for This Version

Description
Section Page Item (see Manual for details)
1.1.1 Features of the SH7604 2  Operation Modes Description of Clock
mode added
4  Package 176-pin plastic TFBGA
(TBP-176) added
1.3.1 Pin Arrangement Product Lineup Added
8  Figure 1.3 Pin Arrangement Added
(176-Pin Plastic TFBGA)
1.3.2 Pin Functions 9 Table 1.1 Pin Functions Pin No. (TBP-176) added
3.2.2 Clock Operating Mode 51 Description added
Setting
52 Table 3.3 Clock Mode Pin Note 3 added
Settings and States
3.2.7 Notes on Board Design 61 When Using PLL Oscillation Description replaced
Circuits
62 Figure 3.9 Design Consideration Figure amended,
When Using PLL Oscillation additional description of
Circuits figure
Appendix C 616 Figure C.2 External Dimensions Added

External Dimensions

(TBP-176)
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Section 1 Overview and Pin Functions

1.1 SH7604 Features

The SH7604 is a new-generation single-chip RISC microprocessor that integrates a Hitachi-
origina CPU, amultiplier, cache memory, and peripheral functions required for system
configuration.

The CPU features a RISC-type instruction set. Most instructions can be executed in one clock
cycle, which greatly improves instruction execution speed. In addition, the on-chip 4-kbyte cache
memory and divider enhance data processing ability.

The SH7604 is a so provided with on-chip peripheral functions including a direct memory access
controller (DMAC), timers, a serial communication interface (SCI), and an interrupt controller.
External memory access support functions (provided by the bus state controller) enable direct
connection to DRAM, synchronous DRAM, and pseudo-SRAM.

The high-speed CPU and comprehensive peripheral functions enable designers to construct high-
performance systems with advanced functionality at low cost, even in applications such as real-
time control that require very high speeds, impossible with conventional microprocessors.

111 Features of the SH7604
CPU:

e Original Hitachi architecture
<11 32-bit internal configuration
e General-registers:
O Sixteen 32-bit genera registers
0 Three 32-bit control registers
O Four 32-bit system registers
¢ RISC-typeinstruction set:
O Instruction length: 16-bit fixed length for improved code efficiency
0 Load-store architecture (basic arithmetic and logic operations are executed between
registers)
O Delayed conditional/unconditional branch instructions reduce pipeline disruption during
branching
O Instruction set based on C language
* _Instruction execution time: one instruction/state (35 ng/instruction at 28.7 M{z.0psseli R}
* Address space: 4 Gbytes available in the architecture (128-Mbyte memory space)
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On-chip multiplier: multiply operations (32 bits x 32 bits - 64 bits) and multiply-and-
accumulate operations (32 bits x 32 bits + 64 bits — 64 bits) executed in 2 to 4 states
Five-stage pipeline

Operating Modes:

Clock mode: selected from the combination of an on-chip oscillator module, a frequency
multiplier, clock output, PLL synchronization, and 90° phase shifting (the range of choices
depends on the package)

Slave/master mode

Processing states

Power-on reset state

Manual reset state

Exception handling state

Program execution state

Power-down state

Bus-released state

Power-down states

0 Sleep mode

O Standby mode

0 Module stop mode

O Ooo0ooogodg

Interrupt Controller (INTC):

Five externa interrupt pins (NMI, IRLO to IRL3), encoded input of 15 external interrupt
sources viapinsIRLO to IRL3

Twelveinternal interrupt sources (DMAC x 2, DIVU x 1, FRT x 3, WDT x 1, SCI x 4,
REF x 1)

Sixteen programmable priority levels

Vector number settable for each internal interrupt source

Auto-vector or external vector selectable as vector for external interrupts via pins IRLO to
IRL3

User Break Controller (UBC):

Generates an interrupt when the CPU or DMAC generates an address, data, or bus cycle with
the specified conditions (address, data, CPU cycle/non-CUP cycle, instruction fetch/data
access, read/write, byte/word/longword access)

Simplifies configuration of a self-debugger
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Clock Pulse Generator (CPG)/Phase Locked Loop (PLL):

On-chip clock pulse generator

Crystal clock source or external clock source can be selected

Clock multiplication (x1, x2, x4), PLL synchronization, or 90° phase shift can be selected
Supports clock pause function for frequency change of external clock

Bus State Controller (BSC):

L]

Supports external memory access
0 32-bit external data bus

Memory address space divided into four areas. It is possible to set the following characteristics
for each area (32 Mbyte linear):

0 Bussize (8, 16, or 32 hits)
O Number of wait cycles settable or not settable

0 Setting the memory space type simplifies connection to DRAM, synchronous DRAM,
pseudo-SRAM, and burst ROM

0 Outputs signalsRAS, CAS, CE, and OE corresponding to DRAM, synchronous DRAM,
and pseudo-SRAM areas

O Tp cycles can be generated to assure RAS precharge time

O Address multiplexing is supported internally, so DRAM and synchronous DRAM can be
connected directly

0 Outputs chip select signals (CSO to CS3) for each area

DRAM/synchronous DRAM/pseudo-SRAM refresh functions

O Programmable refresh interval

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

DRAM/synchronous DRAM/pseudo-SRAM burst access function

0 Supports high-speed access modes for DRAM/synchronous DRAM/pseudo-SRAM
Wait cycles can be inserted by an external WAIT signal

Cache Memory:

4 kbytes

64 entries, 4-way set associative, 16-byte line length
Write-through data writing method

LRU replacement algorithm

2 kbytes of the cache can be used as 2-kbyte internal RAM
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Direct Memory Access Controller (DMAC) (2 Channels):

e Permits DMA transfer between external memory, external /O, on-chip peripheral modules

» Enables DMA transfer request and auto-request from external pins, on-chip SCI, and on-chip
timers

e Cycle-steal mode or burst mode

» Channel priority level is selectable (fixed mode or round-robin mode)
e Dual or single address transfer mode is selectable

» Transfer datawidth: 1/2/4/16 bytes

e Address space: 4 Gbytes;, maximum number of transfers; 16,777,216

Division Unit (DIVU):

» Executes64+32 - 32...32and 32+ 32 - 32... 32 divisionsin 39 cycles
* Overflow interrupt

16-Bit Free-Running Timer (FRT) (1 Channel):

e Selectsinput from three internal/external clocks
 Input capture and output compare
e Counter overflow, compare match, and input capture interrupts

Watchdog Timer (WDT) (1 Channél):

» Can be switched between watchdog timer and interval timer functions
e Count overflow can generate an internal reset, external signal, or interrupt
+ -Power-on reset or manual reset can be selected asthe internal reset

Serial Communication Interface (SCI) (1 Channel):

» Asynchronous or synchronous mode is selectable

» Simultaneous transmission and reception (full duplex)
» Dedicated baud rate generator

» Multiprocessor communication function

Package:

» 144-pin plastic QFP (FP-144J)
» 176-pin plastic TFBGA (TBP-176)
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Product Lineup:

Product Code Package Operating Temperature  Frequency Voltage
HD6417604SF28 QFP2020-144 -20°Cto 75°C 28 MHz 5V
HD6417604SF128 QFP2020-144 -40°C to 85°C 28 MHz 5V
HD6417604SVF20  QFP2020-144 -20°Cto 75°C 20 MHz 3.3V
HD6417604SBP28 CSP-1313-176 -20°Cto 75°C 28 MHz 5V
HD6417604SVBP20 CSP-1313-176 -20°Cto 75°C 20 MHz 3.3V
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12 Block Diagram

Figure 1.1 shows a block diagram of the SH7604.
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Figurel.1 Block Diagram
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13 Description of Pins
131 Pin Arrangement
o 1) L(I.S <O &
o 0 Q 0 0 SAENR=sm 9P RS X Q
888>”’B§‘o°838&”8§88§’E§’E§2>"’%§%%6% S
OOOO0ON0O000000000000000O 000000 []
TON—TODONOUTNHN AN AODON~NOOOTN N-HO O N~ (]
SETIEITITOONOOMOMNMMNMM OMMANNNNNNNNNN A A o
AT A AT A A A A A AA A A A AAAAAAA AA A A A A —
D111 108 [JCAP1
D122 107 [IMD1
D13[]3 106 [JVss(PLL)
Vee 4 105 [IMDO
D14[]5 104 [dVcc(PLL)
Vss 6 103 [JSCK
D157 102 [ITXD
D168 101 [JRXD
D179 100 [FTCI
D18 10 99 [IFTI
D19[]11 98 [1Vss
Vee 12 97 [JFTOA
D20 []13 96 [Vee
Vss 14 . 95 [IFTOB
D21[]15 Top view 94 [JWDTOVF
D22 16 93 [1BREQ/BGR
D23 17 92 [1BACK/BRLS
Vec 18 (FP-144) 91[JVss
D24 19 90 [ANC*
Vss []20 89 [JWAIT
D25 21 HD6417604 88 [JCKE
D26 [22 87 [IRD
D27 23 86 [1Vss
Vee 24 85 [1CASLL/DQMLL/WEO
D28 []25 84 [1Vcc
Vs []26 83 []CASLH/DQMLU/WET
D29 27 82 [1CASHL/DQMUL/WE2_
D30[28 81 [JCASHH/DQMUU/WE3
D31 29 80 [JCAS/OE
A0 []30 79 [JRASICE
AL[31 78[0Vss_
A2[]32 77 JRDWR
Vss []33 76 ]ﬁ
A3[]34 75 [1CS3
A435 74 [1TS2
A5[]36 73[1CST
NOODOTNMNMTULONOVODOANMITINONODNDO ANMS N
NMOMNMITITTTTTITITITITLLOLLLOOWOWOLOOL O O© O OO ~
I O ]
2328235333388 8553883833388839 3
S TSI LIS IC>ILCIC>IC>ACL O

Note: Do not connect anything to the pin abeled NC.

Figurel.2 Pin Arrangement (144-Pin Plastic QFP)
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132

Table 1.2 shows the pin functions of the SH7604.

Pin Functions

Tablel.1l Pin Functions
Pin No.
FP-144 TBP-176 Pin Name 110 Pin Description
— Al NC — Reserved pin (leave unconnected)
— C3 NC — Reserved pin (leave unconnected)
— B1 NC — Reserved pin (leave unconnected)
— C2 NC — Reserved pin (leave unconnected)
1 D3 D11 /0 Data bus
2 C1 D12 /10 Data bus
3 D2 D13 110 Data bus
4 E4 Vee [ Power
5 D1 D14 /10 Data bus
6 E3 Vss | Ground
7 E2 D15 /0 Data bus
8 El D16 /1O Data bus
9 F4 D17 110 Data bus
10 F3 D18 /0 Data bus
11 F1 D19 /10 Data bus
12 F2 Vee | Power
13 G4 D20 /0 Data bus
14 G3 Vss | Ground
15 Gl D21 110 Data bus
16 G2 D22 /0 Data bus
17 H4 D23 /10 Data bus
18 H3 Vee | Power
19 H1 D24 /0 Data bus
20 H2 Vss | Ground
21 J4 D25 110 Data bus
22 J3 D26 /0 Data bus
23 J1 b27 I’'o Data bus www.DataSheet4U.com
24 J2 Vee | Power
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Table1l.1

Pin Functions (cont)

Pin No.
FP-144 TBP-176 Pin Name I/10 Pin Description
25 K4 D28 110 Data bus
26 K3 Vss I Ground
27 K1 D29 I/0 Data bus
28 K2 D30 11O Data bus
29 L3 D31 f[e} Data bus
30 L1 A0 I/0 Address bus
31 L2 Al 11O Address bus
32 L4 A2 IO Address bus
33 M1 Vss I Ground
34 M2 A3 11O Address bus
35 M3 A4 IO Address bus
36 N1 A5 I/0 Address bus
— M4 NC — Reserved pin (leave unconnected)
— N2 NC — Reserved pin (leave unconnected)
— P1 NC — Reserved pin (leave unconnected)
— P2 NC — Reserved pin (leave unconnected)
— R1 NC — Reserved pin (leave unconnected)
— N3 NC — Reserved pin (leave unconnected)
— R2 NC — Reserved pin (leave unconnected)
— P3 NC — Reserved pin (leave unconnected)
37 N4 A6 I/0 Address bus
38 R3 A7 11O Address bus
39 P4 A8 IO Address bus
40 M5 Vee I Power
41 R4 A9 11O Address bus
42 N5 Vss I Ground
43 P5 A10 I/0 Address bus
44 R5 All 11O Address bus
45 M6 Al12 f[e} Address bus
46 N6 Al3 IIo Address bus www.DataSheet4U.com
47 R6 Al4 11O Address bus
10
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Table1l.1 Pin Functions(cont)

Pin No.
FP-144 TBP-176 Pin Name 110 Pin Description
48 P6 Vee | Power
49 M7 A15 /0 Address bus
50 N7 Vss | Ground
51 R7 Al6 /0 Address bus
52 P7 Al7 /10 Address bus
53 M8 A18 110 Address bus
54 N8 Vee | Power
55 R8 Al9 /0 Address bus
56 P8 Vss | Ground
57 M9 A20 /0 Address bus
58 N9 A21 /0 Address bus
59 R9 A22 110 Address bus
60 P9 Vee | Power
61 M10 A23 /0 Address bus
62 N10 Vss | Ground
63 R10 A24 /0 Address bus
64 P10 A25 /0 Address bus
65 N11 A26 110 Address bus
66 R11 DACKO (0] DMACO acknowledge
67 P11 Vee | Power
68 M11 DACK1 (0] DMAC1 acknowledge
69 R12 Vsg | Ground
70 P12 DREQO | DMACO request
71 N12 DREQ1 | DMAC1 request
72 R13 CSo o} Chip select 0
— M12 NC — Reserved pin (leave unconnected)
— P13 NC — Reserved pin (leave unconnected)
— R14 NC — Reserved pin (leave unconnected)
— P14 NC — Reserved pin (leave unconnected)
— R15 NC — Reserved pin (leave uncoppeaietiasheetdl.com
— N13 NC — Reserved pin (leave unconnected)
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Table1l.1

Pin Functions (cont)

Pin No.

FP-144 TBP-176 Pin Name I/10 Pin Description

— P15 NC — Reserved pin (leave unconnected)

— N14 NC — Reserved pin (leave unconnected)

73 M13 CS1 o} Chip select 1

74 N15 CcSs2 o] Chip select 2

75 M14 CS3 o) Chip select 3

76 L12 BS I/O Bus cycle start

77 M15 RD/WR 110 Read/write

78 L13 Vss I Ground

79 L14 RAS/CE (@] RAS for DRAM and synchronous DRAM, CE
for pseudo-SRAM

80 L15 CAS/OE o} CAS for synchronous DRAM, OE for
pseudo-SRAM

81 K12 CASHH/DQMUUMWES 0O Most significant byte selection signal for
memory

82 K13 CASHL/DQMUL/WE2 O Second byte selection signal for memory

83 K15 CASLH/DQMLU/WET. O Third byte selection signal for memory

84 K14 Vee I Power

85 J12 CASLL/DQMLL/WEO O Least significant byte selection signal for
memory

86 J13 Vss I Ground

87 J15 RD 0 Read pulse

88 J14 CKE (0] Synchronous DRAM clock enable control

89 H12 WAIT I Hardware wait request

90 H13 NC — Reserved pin (leave unconnected)

91 H15 Vss I Ground

92 H14 BACK/BRLS I Bus acknowledge in slave mode, bus
request in master mode

93 G12 BREQ/BGR o} Bus request in slave mode, bus grant in
master mode

94 G13 WDTOVF 0 Watchdog timer output

95 G15 FTOB (0] Free-running timer output B

96 Gl14 Vee I Power vww.DataSheet4U.com

12
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Table1l.1 Pin Functions(cont)

Pin No.
FP-144 TBP-176 Pin Name 110 Pin Description
97 F12 FTOA (0] Free-running timer output A
98 F13 Vss | Ground
99 F15 FTI | Free-running timer input
100 F14 FTCI | Free-running timer clock input
101 E13 RxD | Serial data input
102 E15 TxD (@) Serial data output
103 E14 SCK 110 Serial clock input/output
104 E12 Ve (PLL) | Power for on-chip PLL
105 D15 MDO | Operating mode pin
106 D14 Vss (PLL) | Ground for on-chip PLL
107 D13 MD1 | Operating mode pin
108 C15 CAP1 O External capacitance pin for PLL
— D12 NC — Reserved pin (leave unconnected)
— Cl4 NC — Reserved pin (leave unconnected)
— B15 NC — Reserved pin (leave unconnected)
— B14 NC — Reserved pin (leave unconnected)
— Al5 NC — Reserved pin (leave unconnected)
— C13 NC — Reserved pin (leave unconnected)
— Al4 NC — Reserved pin (leave unconnected)
— B13 NC — Reserved pin (leave unconnected)
109 C12 CAP2 O External capacitance pin for PLL
110 Al13 MD2 | Operating mode pin
111 B12 CKPACK 0 Clock pause acknowledge output
112 D11 CKPREQ/CKM I Clock pause request input
113 Al12 Vee | Power
114 Cl1 EXTAL | Pin for connecting crystal resonator
115 B11 Vss | Ground
116 All XTAL (0] Pin for connecting crystal resonator
117 D10 MD3 | Operating mode pin
118 C10 CKIO 1/0 System clock input/outputyyywy DataSheetdl.com
119 Al10 MD4 | Operating mode pin

13
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Table1l.1 Pin Functions(cont)

Pin No.
FP-144 TBP-176 Pin Name I/10 Pin Description
120 B10 MD5 I Operating mode pin
121 D9 Vss I Ground
122 C9 RES | Reset
123 A9 Vee Power  Power
124 B9 IVECF o) Interrupt vector fetch cycle
125 D8 NMI I Nonmaskable interrupt request
126 C8 IRL3 I External interrupt source input
127 A8 IRL2 I External interrupt source input
128 B8 IRLT I External interrupt source input
129 D7 IRLO I External interrupt source input
130 c7 DO f[e} Data bus
131 A7 D1 IO Data bus
132 B7 Vee I Power
133 D6 D2 f[e} Data bus
134 Cc6 Vss I Ground
135 A6 D3 I/0 Data bus
136 B6 D4 l[e} Data bus
137 C5 D5 IO Data bus
138 A5 D6 I/0 Data bus
139 B5 Vee I Power
140 D5 D7 IO Data bus
141 A4 Vss I Ground
142 B4 D8 l[e} Data bus
143 Cc4 D9 IO Data bus
144 A3 D10 I/O Data bus
— D4 NC — Reserved pin (leave unconnected)
— B3 NC — Reserved pin (leave unconnected)
— A2 NC — Reserved pin (leave unconnected)
— B2 NC — Reserved pin (leave unconnected)
www.DataSheet4U.com
14
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Section2 CPU

21 Register Configuration

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

211 General Registers

The 16 general registers (R0-R15) are shown in figure 2.1. General registers are used for data
processing and address calculation. RO is also used as an index register, and severa instructions
use RO as afixed source or destination register. R15 is used as the hardware stack pointer (SP).
Saving and recovering the status register (SR) and program counter (PC) in exception handling is
accomplished by referencing the stack using R15.

31 0
RO *1

R1
R2
R3
R4
R5
R6
R7
R8
R9
R10
R11
R12
R13
R14
R15, SP (hardware stack pointer)| *?

Notes: 1. RO functions as an index register in the indirect indexed register addressing mode
and indirect indexed GBR addressing mode. In some instructions, RO functions as a
fixed source register or destination register.

2. R15 functions as a hardware stack pointer (SP) during exception handling.

Figure2.1 General Registers www.DataSheet4U.com
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212 Control Registers

The 32-bit control registers consist of the 32-bit status register (SR), global base register (GBR),
and vector base register (VBR) (figure 2.2). The status register indicates processing states. The
global base register functions as a base address for the GBR indirect addressing mode to transfer
data to the registers of on-chip peripheral modules. The vector base register functions as the base
address of the exception handling vector area (including interrupts).

31 9876543210
SR| ———————_. MQI3 12 1110 -~ ST | SR: Status register

|_>T bit: The MOVT, CMP/cond, TAS, TST,
BT (BT/S), BF (BF/S), SETT, and CLRT
instructions use the T bit to indicate
true (1) or false (0). The ADDV, ADDC,
SUBV, SUBC, DIV0OU, DIVOS, DIV1,
NEGC, SHAR, SHAL, SHLR, SHLL,
ROTR, ROTL, ROTCR, and ROTCL
instructions also use the T bit to indicate
carry/borrow or overflow/underflow.

— S bit: Used by the MAC instruction.

» Reserved bits. 0 is read, and only 0 must be
written.

————=——®»Bits/10-=I3Interrupt mask bits.

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

31 0 Global base register (GBR):

GBR Indicates the base address of the indirect
GBR addressing mode. The indirect GBR
addressing mode is used in data transfer
for on-chip peripheral module register
areas and in logic operations.

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

Figure2.2 Control Registers

vww.DataSheet4U.com
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213 System Registers

System registers consist of four 32-bit registers: high and low multiply-and-accumul ate registers
(MACH and MACL), the procedure register (PR), and the program counter (PC) (figure 2.3). The
multiply-and-accumul ate registers store the results of multiply and accumulate operations. The
procedure register stores the return address from the subroutine procedure. The program counter
stores program addresses to control the flow of the processing.

31 0 Multiply and accumulate (MAC)

MACH registers high and low (MACH,
MACL): Store the results of

MACL ; .

multiply-and-accumulate operations.

31 0 Procedure register (PR): Stores
| PR a return address from a
subroutine procedure.

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

Figure2.3 System Registers

214 Initial Values of Registers
Table 2.1 lists the values of the registers after areset.

Table2.1 Initial Valuesof Registers

Classification Register Initial Value
General registers R0-R14 Undefined
R15A (SP) Value of the stack pointer in the vector address table
Control registers SR Bits 13—10 are 1111 (H'F), reserved bits are 0, and other
bits are undefined
GBR Undefined
VBR H'00000000
System registers  MACH, MACL, PR Undefined
PC Value of the program counter in the vector address table

vww.DataSheet4U.com
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2.2 Data Formats

221 Data Format in Registers

Register operands are always longwords (32 bits) (figure 2.4). When the memory operand is only
abyte (8 bits) or aword (16 bits), it is sign-extended into alongword when loaded into aregister.

31 0
| Longword

Figure2.4 Longword Operand

222 Data Format in Memory

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

This microprocessor has a function that allows access of CS2 space (area 2) in little-endian format,
which enables the microprocessor to share memory with processors that access memory in little-
endian format. The microprocessor arranges byte data differently for little-endian and the more
usual big-endian format.

Addressm+1  Addressm + 3 Address m + 2 Address m
Address m Address m + 2 Addressm+3 | Addressm+ 1
Ta1 l 23 15 l 7 o] T31 l 23 15 l 7y O]
Byte | Byte Byte | Byte Byte | Byte Byte | Byte
Word Word < Address 2n -» Word Word
Longword < Address 4n » Longword
Big-endian format Little endian format

Figure2.5 Byte, Word, and Longword Alignment

vww.DataSheet4U.com

18
RENESAS



2.2.3 Immediate Data For mat

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

Word or longword immediate data is not located in the instruction code: it is stored in a memory
table. An immediate data transfer instruction (MOV) accesses the memory table using the PC
relative with displacement addressing mode. Specific examples are given in table 2.5, Immediate
Data Accessing.

2.3 I nstruction Features

231 RISC-Type Instruction Set
All instructions are RISC type. This section details their functions.
16-Bit Fixed Length: All instructions are 16 bits long, increasing program code efficiency.

Onelnstruction per Cycle: The microprocessor can execute basic instructions in one cycle using
the pipeline system. Instructions are executed in 35ns at,28.7 MHz.

Data L ength: Longword is the standard data length for all operations. Memory can be accessed in
bytes, words, or longwords. Byte or word data accessed from memory is sign-extended and
handled as longword data (table 2.2). Immediate data is sign-extended for arithmetic operations or
zero-extended for logic operations. It also is handled as longword data.

Table2.2 Sign Extension of Word Data

SH7604 CPU Description Example of Conventional CPU
MOV. W @disp, PO, Rl Data is sign-extended to 32 ADD. W #H 1234, RO
ADD RL, RO bits, and R1 becomes

H'00001234. It is next
""""" operated upon by an ADD
. DATA. W H 1234 instruction.

Note: @di sp, PC) accesses the immediate data.

L oad-Store Architecture: Basic operations are executed between registers. For operations that
involve memory access, datais |oaded into the registers and executed (load-store architecture).
Instructions such as AND that manipulate bits, however, are executed directly i mmerhaia

19
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Delayed Branch Instructions; Unconditional branch instructions are delayed. Executing the
instruction that follows the branch instruction, before branching reduces pipeline disruption during
branching (table 2.3).

Table2.3 Delayed Branch Instructions

SH7604 Series CPU Description Example of Conventional CPU
BRA TRGET Executes ADD before ADD. W R1, RO
ADD RL, RO branching to TRGET BRA TRCET

Multiply and Multiply-and-Accumulate Oper ations: 16-bit x 16-bit — 32-bit multiply
operations are executed in one to two states. 16-bit x 16-bit + 64-bit — 64-bit multiply-and-
accumulate operations are executed in two to three states. 32-bit x 32-bit - 64-bit multiply and
32-hit x 32-bit + 64bit — 64-bit multiply-and-accumulate operations are executed in two to four
states.

T Bit: The T bit in the status register changes according to the result of the comparison, and in
turn is the condition (true/false) that determinesif the program will branch (table 2.4). The number
of instructions that change the T bit is kept to a minimum to improve the processing speed.

Table24 T Bit

SH7604 CPU Description Example of Conventional CPU
CWP/ GE R1, RO T bit is set when RO = R1. The CWVP. W R1, RO
BT TRGETO program branches to TRGETO BGE TRCGETO
when RO = R1 and to TRGET1
BF TRGET1 when RO < R1. BLT TRCET1
ADD #-1, R0 T bit is not changed by ADD. SUB. W #1, RO
CVP/EQ  #0, RO T bit is set when RO = 0. BEQ TRGET

The program branches if RO = 0.
BT TRCGET

Immediate Data: Byte (8-bit) immediate data resides in the instruction code. Word or longword
immediate data is not input viainstruction codes but is stored in a memory table. An immediate
data transfer instruction (MOV) accesses the memory table using the PC relative with
displacement addressing mode (table 2.5).

20
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Table25 Immediate Data Accessing

Classification SH7604 CPU Example of Conventional CPU
8-bit immediate MOV #H 12, RO MOV.B #H 12, RO
16-bit immediate  MOV. W @di sp, PC), RO MOV. W #H 1234, RO

.DATA. W H 1234

32-bitimmediate  MOV. L @di sp, POC), RO MOV. L #H 12345678, RO

.DATA. L H 12345678

Note: @di sp, PC) accesses the immediate data.

Absolute Address: When datais accessed by absolute address, the absolute address value is
placed in the memory table beforehand. L oading the immediate data when the instruction is
executed transfers that value to the register and the datais accessed in the register indirect
addressing mode (table 2.6).

Table2.6  Absolute Address Accessing

Classification SH7604 CPU Example of Conventional CPU

Absolute address MOV. L @disp, PO, R1 MOV. B @ 12345678, RO
MOV. B @R1, RO

. DATA. L H 12345678

Note: @ di sp, PC) accesses the immediate data.

16-Bit/32-Bit Displacement: When datais accessed by 16-hit or 32-hit displacement, the
displacement valueis placed in the memory table beforehand. Loading the immediate data when
the instruction is executed transfers that value to the register and the data is accessed in the
indexed register indirect addressing addressing mode (table 2.7).

Table2.7 16/32-Bit Displacement Accessing

Classification SH7604 CPU Example of Conventional CPU

16-bit displacement  MOV. W @di sp, PO, RO MOV.W @H 1234, Rl), R2
MOV. W @RO, Rl), R2

.DATA. W H 1234

Note: @ di sp, PC) accesses the immediate data.

RENESAS
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232 Addressing Modes

Table 2.8 shows addressing modes and effective address cal cul ation.

Table2.8 Addressing Modes and Effective Addresses

Addressing Instruction
Mode Format Effective Addresses Calculation Equation
Register direct Rn The effective address is register Rn. (The operand —
is the contents of register Rn.)
Register @Rn The effective address is the contents of register Rn
indirect Rn.
Register @Rn+ The effective address is the contents of register Rn
indirect with Rn. (After the
post-increment A constant is added to the contents of Rn after the instruction
|nstruc.t|0n is executed. 1is ad@ed for a byte executes)
operation, 2 for a word operation, and 4 for a
longword operation. Byte: Rn + 1
- Rn
Word: Rn + 2
- Rn
Longword: Rn
+4 5 Rn
Register @-Rn The effective address is the value obtained by Byte: Rn—1
indirect with subtracting a constant from Rn. 1 is subtracted for - Rn
pre-decrement a byte operation, 2 for a word operation, and 4 for Word: Rn — 2
a longword operation. - Rn.
Longword:
Rn—-4 - Rn

Rn —1/2/4

(Instruction
executed with
Rn after
calculation)

22
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Table2.8 Addressing Modes and Effective Addr esses (cont)

Addressing Instruction
Mode Format Effective Addresses Calculation Equation
Register @(disp:4, The effective address is Rn plus a 4-bit Byte: Rn +
indirect with Rn) displacement (disp). The value of disp is zero- disp
displacement extended, and remains the same for a byte Word: Rn +
operation, is doubled for a word operation, and is disp x 2
quadrupled for a longword operation.
Longword:
Rn + disp x 4
disp Rn + disp x 1/2/4
(zero-extended)
Indexed @(RO, Rn) The effective address is the Rn value plus RO. Rn + RO
register indirect
®
GBR indirect @(disp:8,  The effective address isithe GBR value plus an Byte: GBR +
with GBR) 8-bit displacement (disp). The value of disp is disp
displacement zero-extended, and remains the same for a byte Word: GBR +
opera-tion, is doubled for a word operation, and is disp x 2
guadrupled for a longword operation.
Longword:
GBR + disp x
4
disp _ GBR
(zero-extended) + disp x 1/2/4
Indexed GBR  @(RO, The effective address is the GBR value plus the GBR + RO
indirect GBR) RO value.

RENESAS

23



Table2.8 Addressing Modes and Effective Addresses (cont)

Addressing
Mode

Instruction
Format

Effective Addresses Calculation

Equation

PC relative
with
displacement

@(disp:8,
PC)

The effective address is the PC value plus an 8-bit
displacement (disp). The value of disp is zero-
extended, and remains the same for a byte
operation, is doubled for a word operation, and is
guadrupled for a longword operation. For a
longword operation, the lowest two bits of the PC
value are masked.

@ (for longword operation)

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

PC + disp x 2
' or

PC & H'FFFFFFFC
+ disp x 4

HFFFFFFFC

disp

(zero-extended)

PC relative

disp:8

The effective address is the PC value sign-
extended with an 8-bit displacement (disp),
doubled, and ‘added to the PC value.

disp
(zero-extended)

PC +disp x 2

PC + disp x 2

disp:12

The effective address is the PC value sign-
extended with a 12-bit displacement (disp),
doubled, and added to the PC value.

disp
(zero-extended)

PC + disp x 2

PC + disp x 2

24
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Table2.8 Addressing Modes and Effective Addr esses (cont)

Addressing Instruction

Mode Format Effective Addresses Calculation Equation
PC relative Rn The effective address is the register PC value PC +Rn
(cont) plus Rn.

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

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

#mm:8 The 8-bit immediate data (imm) for the TRAPA
instruction is zero-extended and quadrupled.

2.3.3 Instruction Formats

Table 2.9 shows instruction formats and source and destination operands. The meaning of the
operands depends on the instruction code: The following symbols are used in the table:

XXxXx: Instruction code
mmmm: Source register
nnnn: Destination register
iiii: Immediate data
dddd: Displacement

RENESAS
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Table2.9

Instruction Formats

Destination
Instruction Format Source Operand  Operand Example
0 format — — NOP
15 0
| XXXX  XXXX  XXXX  XXXX
n format — nnnn: Register MOVT Rn
15 0 direct
| XXXX | nnnn | XXXX  XXXX
Control register or  nnnn: Register STS MACH, Rn
system register direct
Control register or  nnnn: Register STC.L SR @Rn
system register indirect with
pre-decrement
m format mmm Register Control register or LDC Rm SR
15 o direct system register
| XXXX |mmmm| XXXX  XXXX
nmmmm Register Control registeror LDC. L @m+, SR
indirect with system register
post-increment
nmm Register = JW  @m
indirect
mmm PC relative — BRAF Rm

using Rm

26
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Table2.9 Instruction Formats (cont)
Destination
Instruction Format Source Operand  Operand Example
nm format mmmm Register nnnn: Register ADD Rm Rn
direct direct
nmmm Register nnnn: Register MOV.L Rm @in
| XXXX | nnnn |mmmm| XXXX direct indirect
nmmm Register MACH, MACL MAC. W
indirect with post- @M+, @n+

increment (multiply-
and-accumulate)

nnnn: Register
indirect with post-
increment (multiply-
and-accumulate)*

nmmmm Register
indirect with
post-increment

nnnn: Register
direct

MOV.L @Rmt, Rn

mmm Register
direct

nnnn: Register
indirect with
pre-decrement

MOV.L Rm @Rn

nmmm Register nnnn: Indexed MOV. L
direct register indirect Rm @ RO, Rn)
md format mmmdddd: RO (Register MOV. B
15 Rggisyer indirect direct) @di sp, Rn), RO
| XXXX  XXXX |mmmm| dddd with displacement
nd4 format RO (Register direct) nnnndddd: MOV. B
15 Riﬁi?erlindirect t RO, @di sp, Rn)
| XXXX | XXXX | nnnn| dddd with displacemen
nmd format mmmm Register nnnndddd: MOV. L
15 direct Rggis?er indirect  Rm @ di sp, Rn)
| | | | with displacement
XXXX | nnnn jmmmm| dddd
mmmdddd: nnnn: Register MOV. L
Register indirect direct @di sp, Rm, Rn

with displacement

RENESAS

vww.DataSheet4U.com
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Table2.9

Instruction Formats (cont)

Destination
Instruction Format Source Operand  Operand Example
d format dddddddd: GBR RO (Register MOV. L
15 o  indirect with direct) @di sp, GBR), RO
XXXX  XxxX | dddd dddd displacement
RO (Register direct) dddddddd: GBR  MOV. L
indirect with RO, @di sp, GBR)
displacement
dddddddd: PC RO (Register MOVA
relative with direct) @di sp, PO, RO
displacement
dddddddd: PC — BF | abel
relative
d12 format dddddddddddd: — BRA | abel
15 0 PC relative
| %0 | dddd  dddd  dddd (label = disp + PC)
nd8 format dddddddd: PC nnnn: Register MOV. L
15 o relative with direct @di sp, PO), Rn

| XXXX | nnnn | dddd dddd

displacement

i format fitiiiii: Indexed GBR AND. B
Immediate indirect # mm @ RO, GBR)
15 0 Piiiiiii: RO (Register AND #i mm RO
XXX xxxx | diii diii Immediate direct)
piiiiiiic: — TRAPA  #i mm
Immediate
ni format Piiiiiii: nnnn: Register ADD #i mm Rn
15 0 Immediate direct
|xxxx|nnnn| i aiii
Note: In multiply-and-accumulate instructions, nnnn is the source register.

28
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24 [ nstruction Set

24.1 Instruction Set by Classification

Table2.10 Instruction Set by Classification

Operation Number of
Classification Types Code Function Instructions
Data transfer 5 MOV Data transfer, immediate data transfer, 39
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 middle of connected registers

Arithmetic 21 ADD Binary addition 33
operations ADDC Binary addition with carry

ADDV Binary addition with overflow check

CMP/cond Comparison

DIV1 Division

DIVOS Initialization-of 'signed division

DIvoU Initialization of unsigned division

DMULS Signed double-length multiplication

DMULU Unsigned double-length multiplication

DT Decrement and test

EXTS Sign extension

EXTU Zero extension

MAC Multiply-and-accumulate, double-length multiply-
and-accumulate operation

MUL Double-length multiplication

MULS Signed multiplication

MULU Unsigned multiplication

NEG Negation

NEGC Negation with borrow

SUB Binary subtraction

SUBC Binary subtraction with borrow www.DataSheet4U.com

SUBV Binary subtraction with underflow check
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Table2.10 Instruction Set by Classification (cont)

Operation Number of
Classification Types Code Function Instructions
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 10 ROTL One-bit left rotation 14

ROTR One-bit right rotation

ROTCL One-bit left rotation with T bit

ROTCR One-bit right rotation with T bit

SHAL One-bit arithmetic left shift

SHAR One-bit arithmetic right shift

SHLL One-bit logical left shift

SHLLn n-bit logical left shift

SHLR One-bit logical right shift

SHLRn n-bit logical right shift
Branch 9 BF Conditional branch, conditional branch with 11

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

30
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Table2.10 Instruction Set by Classification (cont)

Operation Number of
Classification Types Code Function Instructions
System 11 CLRT T bit clear 31
control CLRMAC MAC register clear

LDC Load to control register

LDS Load to system register

NOP No operation

RTE Return from exception handling

SETT T bit set

SLEEP Shift to power-down state

STC Store control register data

STS Store system register data

TRAPA Trap exception handling

Total:62 142

vww.DataSheet4U.com
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Table2.11 Instruction Code For mat
Item Format Explanation
Instruction OP. Sz OP: Operation code
mnemonic SRC, DEST Sz: Size (B: byte, W: word, or L: longword)
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 Sy e Direction of transfer
summary (xX) Memory operand
M/QIT Flag bits in SR
& Logical AND of each bit
| Logical-OR ‘of each bit
A Exclusive OR of each bit
~ Logical NOT of each bit
<<n, >>n n-bit shift
Execution — Value when no wait states are inserted*?
states
T bit — Value of T bit after instruction is executed. An em-dash (—)

in the column means no change.

Notes: 1. Depending on the operand size, displacement is scaled x1, x2, or x3. For details, see

the SH-1/SH-2 programming manual.

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

« Contention occurs between instruction fetch and data access

« The destination register of the load instruction (memory - register) and the register
used by the next instruction are the same.

vww.DataSheet4U.com
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Table2.12 Data  Transfer Instructions

Execu-
tion T
Instruction Instruction Code Operation States  Bit
MOV #i mm Rn 1110nnnniiiiiiii #imm - Sign extension -~ 1 —
Rn
MOV. W @disp, PC), Rn  1001nnnndddddddd (disp x 2 + PC) - Sign 1 —
extension - Rn
MOV.L @disp,PC,Rn 1101nnnndddddddd (disp x4+ PC) - Rn 1 —
MoV Rm Rn 0110nnnnmmmD011 Rm - Rn 1 —
MOV. B Rm @n 0010nnnnmmmmD000 Rm - (Rn) 1 —
MOV. W Rm @Rn 0010nnnnmmm0001 Rm - (Rn) 1 —
MOV.L Rm @un 0010nnnnmmm0D010 Rm - (Rn) 1 —
MOV. B @Rm Rn 0110nnnnmmm0000  (Rm) - Sign extension - 1 —
Rn
MOV. W @m Rn 0110nnnnmmmD001 (Rm) - Sign extension — 1 —
Rn
MOV.L @m Rn 0110nnnnmmmmD010 (Rm) - Rn 1 —
MOV. B Rm @-Rn 0010nnnnmmm0100 Rn-1 - Rn, Rm - (Rn) 1 —
MOV. W Rm @-Rn 0010nnanmmm0101, . Rn-2 - Rn, Rm - (Rn) 1 —_
MOV.L Rm @Rn 0010nnnnmmMm0110 Rn-4 - Rn, Rm - (Rn) 1 —
MOV. B @R+, Rn 0110nnnnmmm0100 (Rm) - Sign extension - 1 —
Rn,Rm+1 -~ Rm
MV. W @mt, Rn 0110nnnnmmm®0101 (Rm) - Sign extension - 1 —
Rn,RM+2 -~ Rm
MOV. L @Rm+, Rn 0110nnnnmmm0110 (Rm) - Rn,Rm+4 . Rm 1 —
MV. B RO, @di sp, Rn) 10000000nnnndddd RO - (disp + Rn) 1 —
MOV. W RO, @di sp, Rn) 10000001nnnndddd RO - (disp x2 + Rn) 1 —
MOV.L Rm @di sp, Rn) 0001nnnnmmmdddd Rm - (disp x4 + Rn) 1 —
MOV.B @disp,R,R0O 10000100mmmdddd (disp + Rm) - Sign 1 —
extension - RO
MOV. W @disp, Rn), R0 10000101nmmdddd (disp x 2 + Rm) - Sign 1 —
extension —» RO
MOV.L @disp,Rm),Rn 0101lnnnnmmmdddd (disp x4 + Rm) - Rn 1 —
MOV. B Rm @ RO, Rn) 0000nnnnMmMMD100 Rm - (RO + Rn) 1 —
MOV. W Rm @ RO, Rn) 0000nnnnmMmmMM0101 Rm - (RO + Rn) www.JDalaShEEFlU.cum
MOV.L Rm @ RO, Rn) 0000nnnnmmMOD110 Rm - (RO + Rn) 1 —
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Table2.12 Data Transfer Instructions (cont)

Execu-
tion T
Instruction Instruction Code Operation States  Bit
MOV.B @RO, Rm, Rn 0000nnnNMMML100 (RO + Rm) - Sign 1 —
extension —» Rn
MOV. W @ RO, RM, Rn 0000nnnnmML101 (RO + Rm) - Sign 1 —
extension - Rn
MOV.L @RO, Rm, Rn 0000nnnnmmMM110 (RO + Rm) - Rn 1 —
MWV. B RO, @di sp, GBR) 11000000dddddddd RO - (disp + GBR) 1 —
MOV. W RO, @di sp, GBBR) 11000001dddddddd RO - (disp x2 + GBR) 1 —
MOV.L RO, @disp, GBBR) 11000010dddddddd RO - (disp x4 + GBR) 1 —
MWV.B @disp, GBR), RO 11000100dddddddd (disp + GBR) - Sign 1 —
extension - RO
MOV. W @di sp, GBR), RO 11000101dddddddd (disp x2 + GBR) - Sign 1 —
extension —» RO
MWV.L @disp, GBR), RO 11000110dddddddd (disp x4 + GBR) —» RO 1 —
MOVA @disp,PC), R0 11000111dddddddd disp x4 +PC - RO 1 —
MWVT Rn 0000nnNnn00101001 T - Rn 1 —
SWAP. B Rm Rn 0110nnnnmmmi000 ,, Rm - Swap the bottom 1 —
two bytes - Rn
SWAP. WRmM Rn 0110nnnnmmm1001 Rm - Swap two 1 —
consecutive words - Rn
XTRCT Rm Rn 0010nnnnnmmm101  Rm: Middle 32 bits of 1 —
Rn - Rn
www.DataSheet4U.com
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Table2.13 Arithmetic Instructions

Execution
Instruction Instruction Code Operation States T Bit
ADD Rm Rn 0011nnnnmmm1100 Rn+Rm - Rn 1 —
ADD #inm Rn  Olllnnnniiiiiiii Rn+imm - Rn 1 —
ADDC Rm Rn 001lnnnnmmm1110 Rn+Rm+T 5 Rn, 1 Carry
Carry - T
ADDV Rm Rn 0011nnnnmmml111 Rn+ Rm - Rn, 1 Overflow
Overflow - T
CW/EQ #i mm RO 10001000iiiiiiii WRO=imm,1 T 1 Comparison
result
CWP/ EQ Rm Rn 0011nnnnnmmmm®D000 IfRn=Rm,1 - T 1 Comparison
result
CWP/ HS Rm Rn 0011nnnnmmm©D010 If Rn=Rm with 1 Comparison
unsigned data, 1 - T result
CWP/ GE Rm Rn 0011nnnnmmmm®D011 If Rn = Rm with 1 Comparison
signeddata,1 - T result
CWP/ HI Rm Rn 0011nnnnmmm®D110 If Rn > Rm with 1 Comparison
unsigned data, 1 - T result
CwWP/ GT Rm Rn 0011nnnnnmmmm®D111 If Rn > Rm with 1 Comparison
signeddata,1 - T result
CwP/ PZ Rn 0100nnnNn00010001 IfRn=0,1 - T 1 Comparison
result
CWVP/ PL Rn 0100nnnn00010101 IfRNn>0,1 - T 1 Comparison
result
CwP/ ST Rm Rn 0010nnnnmmm1L100 If Rn and Rm have 1 Comparison
an equivalent byte, result
1T
Dl V1 Rm Rn 0011nnnnmmMmOD100 Single-step division 1 Calculation
(Rn + Rm) result
DI VOS Rm Rn 0010nnnnnmmmD111 MSBof Rn - Q, 1 Calculation
MSB of Rm - M, result
MA"Q - T
DI VOU 0000000000011001 0 - M/QIT 1 0
DMULS. Rm Rn 0011lnnnnmmmll101 Signed operation of 2to 4" —

Rn xRm - MACH,
MACL 32 x32 - 64
bits

RENESAS
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Table2.13 Arithmetic Instructions (cont)

Instruction

Instruction Code

Operation

Execution

States

T Bit

DMULU. L Rm Rn

0011lnnnnnmm0101

Unsigned operation
of Rn xRm -
MACH, MACL 32 x
32 - 64 hit

2t0 4"

DT Rn

0100nnnn00010000

Rn—-1 - Rn, when
Rnis0,1 - T

When Rn is nonzero,
0T

Comparison
result

EXTS. B Rm Rn

0110nnnnnmm110

A byte in Rm is sign-
extended - Rn

EXTS. W Rm Rn

0110nnnnnmml111

A word in Rm is sign-
extended - Rn

EXTU. B Rm Rn

0110nnnnnmm100

A byte in Rm is zero-
extended - Rn

EXTU. W Rm Rn

0110nnnnnmm101

A word in Rm is zero-
extended - Rn

MAC. L @m+, @Rn+

0000nnnnnmMMML111

Signed operation of
(Rn) x (Rm) - MAC
- .MAC 32 x32 -
64 bits

3/(2to 4) —

MAC @mt, @Rn+

0100nnnnnmml111

Signed operation of
(Rn) x (Rm) + MAC
- MAC 16 x 16 + 64
— 64 bits

3/(2)"

MIL.L RmRn

0000nnnnnMMD111

Rn xRm - MACL,
32 x32 - 32 bits

2to 4"

MJLS. W Rm Rn

0010nnnnmm111

Signed operation of
Rn xRm - MAC 16
x16 - 32 bits

1to 3"

MULU. W Rm Rn

0010nnnnnmm110

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

1to 3"

NEG Rm Rn

0110nnnnnmml011

0-Rm - Rn

NEGC Rm Rn

0110nnnnnmm010

0-Rm-T - Rn,
Borrow - T

Borrow
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Table2.13 Arithmetic Instructions (cont)

Execution

Instruction Instruction Code Operation States T Bit

SUB Rm Rn 0011lnnnnmmmi1000 Rn-Rm - Rn 1 —

SUBC RmRn 0011nnnnmmml010 Rn-Rm-T - Rn, 1 Borrow
Borrow - T

SUBY Rm Rn 001lnnnnmmmi1011l Rn-Rm - Rn, 1 Underflow
Underflow - T

Note: The normal minimum number of execution cycles. (The number in parentheses is the

number of cycles when there is contention with preceding or following instructions.)

Table2.14 Logic Operation Instructions

Execu-
tion
Instruction Instruction Code Operation States T Bit
AND Rm Rn 0010nnnnnmmML001 Rn & Rm - Rn 1 —
AND #i mm RO 1100100%iiiiiiii RO & imm - RO 1 —
AND. B #imm @RO, GBR) 1100110%iiiiiiii (RO + GBR) & imm - 3 —
(RO + GBR)
NOT Rm Rn 0110nnnnmmm©D111 ~Rm - Rn 1 —
OR Rm Rn 0010nnnnmmm1011 Rn|Rm - Rn 1 —
R #i mm RO 1100102%iiiiiiii RO | imm - RO 1 —
ORB #imm@RO,GBBR) 110021211%iiiiiiii (RO + GBR) | imm - 3 —
(RO + GBR)
TAS.B @ 0100nnnn00011011 If(Rn)is0,1 - T;1 - 4 Test
MSB of (Rn) result
TST Rm Rn 0010nnnnnmmm1L 000 Rn & Rm; iftheresultis 1 Test
0,1 -T result
TST #i mm RO 11001000iiiiiiii RO & imm; if the resultis 1 Test
0,1-T result
TST.B #imm @RO, GBBR) 11001100iiiiiiii (RO + GBR) & imm; if the 3 Test
resultis0,1 - T result
XOR Rm Rn 0010nnnnmmMmML010 Rn”~Rm - Rn 1 —
XOR #i nm RO 11001010iiiiiiii RO A imm - RO 1 —
XOR B #imm @RO, GBBR) 110012110iiiiiiii (RO + GBR) " imm — 3 —
(RO + GBR)

RENESAS
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Table2.15 Shift Instructions

Execution
Instruction Instruction Code Operation States T Bit
ROTL Rn 0100nnnn00000100 T <« Rn -« MSB 1 MSB
ROTR Rn 0100nnnn00000101 LSB - Rn - T 1 LSB
ROTCL Rn 0100nnnn00100100 T<RnT 1 MSB
ROTCR Rn 0100nnnn00100101 T-Rn T 1 LSB
SHAL  Rn 0100nnnn00100000 T-Rn<O0 1 MSB
SHAR Rn 0100nnnn00100001 MSB - Rn - T 1 LSB
SHLL Rn 0100nnnn00000000 T<Rn<O0 1 MSB
SHLR Rn 0100nnnNn00000001 0-Rn-T 1 LSB
SHLL2 Rn 0100nnnn00001000 Rn<<2 - Rn 1 —
SHLR2 Rn 0100nnnn00001001 Rn>>2 - Rn 1 —
SHLL8 Rn 0100nnnn00011000 Rn<<8 - Rn 1 —
SHLR8 Rn 0100nnnn00011001 Rn>>8 - Rn 1 —
SHLL16 Rn 0100nnnn00101000 Rn<<16 - Rn 1 —
SHLR16 Rn 0100nnnn00101001 Rn>>16 - Rn 1 —
www.DataSheet4U.com
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Table2.16 Branch Instructions

Execution T

Instruction Instruction Code Operation States Bit

BF | abel 10001011dddddddd IfT=0,dispx2+PC - PC;ifT= 3/1" —
1, nop

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

BT | abel 10001001dddddddd Delayed branch, if T =1, disp x2 + 311" —
PC - PC;if T=0, nop

BT/S | abel 10001101dddddddd 1fT=1,dispx2+PC - PC;ifT= 2/1° —
0, nop

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

BRAF Rm 0000mMmMMD0100011 Delayed branch, Rm + PC - PC 2 —

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

BSRF Rm 0000mMmMMD0000011 Delayed branch, PC - PR, 2 —
Rm + PC - PC

J\VP @m 0100mmMmMD0101011 Delayed branch, Rm - PC 2 —

JSR @Rm 0100nmMmMD0001011 Delayed branch, PC - PR, 2 —
Rm - PC

RTS 0000000000001011 Delayed branch, PR - PC 2 —

Note:

One state when the instruction does not branch.
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Table2.17 System Control Instructions

Execu-

tion T
Instruction Instruction Code Operation States  Bit
CLRT 0000000000001000 O - T 1 0
CLRVAC 0000000000101000 0O - MACH, MACL 1 —
LDC Rm SR 0100mmmOD0001110 Rm - SR 1 LSB
LDC Rm GBR 0100mmm0D0011110 Rm - GBR 1 —
LDC Rm VBR 0100mmMmD0101110 Rm - VBR 1 —
LDC. L @ m+, SR 0100mmMmOD0000111 (Rm) - SR,Rm+4 -~ Rm 3 LSB
LDC. L @m+, GBBR 0100mmD0010111 (Rm) - GBR,Rm+4 - Rm 3 —
LDC. L @m+, VBR  0100mmmmD0100111 (Rm) - VBR,Rm+4 - Rm 3 —
LDS Rm MACH 0100mmm©D0001010 Rm - MACH 1 —
LDS Rm MACL 0100mmMm0D0011010 Rm - MACL 1 —
LDS Rm PR 0100mmMmMD0101010 Rm - PR 1 —
LDS. L @m+, MACH 0100mmmD0000110 (Rm) - MACH,Rm+4 - Rm 1 —
LDS. L @m+, MACL 0100mmm©D0010110 (Rm) - MACL,Rm+4 - Rm 1 —
LDS.L @ m+, PR 0100mmmD0100110 (Rm) - PR,Rm+4 - Rm 1 —
NOP 000000000000100% - | )Noioperation 1 —
RTE 0000000000101011 Delayed branch, stack area — 4 —

PC/SR
SETT 0000000000011000 1 - T 1 1
SLEEP 0000000000011011  Sleep 3 —
STC SR, Rn 0000nnnn00000010 SR - Rn 1 —
STC GBR Rn 0000nnnn00010010 GBR - Rn 1 —
STC VBR, Rn 0000nnnn00100010 VBR - Rn 1 —
STC.L SR, @Rn 0100nnnn00000011 Rn-4 - Rn, SR - (Rn) 2 —
STC.L GBR @Rn 0100nnnn00010011 Rn—4 - Rn, GBR - (Rn) 2 —
STC.L VBR @Rn 0100nnnn00100011 Rn-4 - Rn,VBR - (RN) 2 —
www.DataSheet4U.com
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Table2.17 System Control Instructions (cont)

Execu-

tion T
Instruction Instruction Code Operation States  Bit
STS MACH, Rn 0000nnnn00001010 MACH - Rn 1 —
STS MACL, Rn 0000nnnn00011010 MACL - Rn 1 —
STS PR, Rn 0000nnnn00101010 PR - Rn 1 —
STS.L MACH, @Rn 0100nnnn00000010 Rn-4 - Rn, MACH - (Rn) 1 —
STS.L MACL, @Rn 0100nnnn00010010 Rn-4 - Rn, MACL - (Rn) 1 —
STS.L PR, @Rn 0100nnnn00100010 Rn-4 - Rn, PR - (RN) 1 —
TRAPA #i mm 11000011iiiiiiii PC/SR - stack area, (imm) - 8 —

PC

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

Instruction states: The values shown for the execution states are minimums. The actual
number of states may be increased when:

« Contention occurs between instruction fetch and data access

« The destination register of the load instruction (memory - register) and the register used
by the next instruction are the same.
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242

Operation Code Map

Table2.18 Operation Code Map

Instruction Code Fx: 0000 Fx: 0001 Fx: 0010 Fx: 0011-1111
MSB LSB MD: 00 MD: 01 MD: 10 MD: 11
0000 |Rn Fx | 0000
0000 |Rn |Fx |0001
0000 |Rn Fx |0010 STC SR Rn STC GBR Rn STC VBR, Rn
0000 |[Rm |Fx |0011 BSRF Rm BRAF Rm
0000 |Rn Rm|01MD |MOV.B RM MOV. W RM MOV. L RM MJL. L Rm Rn
@ RO, Rn) @ RO, Rn) @ RO, Rn)
0000 |0000 |Fx 1000 |CLRT SETT CLRVAC
0000 | 0000 |Fx |1001 NOP D vou
0000 |0000 |Fx |1010
0000 |0000 |Fx |1011 |RTS SLEEP RTE
0000 |Rn Fx | 1000
0000 |Rn |Fx |1001 MOVT Rn
0000 |Rn Fx |1010 STS MACH, Rn  |STS MACL, Rn |STS PR, Rn
0000 |Rn Fx | 1011
0000 |Rn Rm|11MD |MOV.B MOV. W MOV. L MAC. L
@RO,RM,Rn |@RO,RM,Rn |@RO,RM), Rn | @m+, @n+
0001 |Rn Rm | disp MOV. L Rm @di sp: 4, Rn)
0010 |Rn Rm|00MD |MOV.B Rm @Rn |[MOV. WRm @n |[MOV. L Rm @n
0010 |Rn Rm|01MD |MOV.B Rm MOV. W Rm MOV. L Rm DI VOS Rm Rn
@Rn @Rn @Rn
0010 |Rn Rm|10MD |TST Rm Rn AND Rm Rn XOR Rm Rn OR Rm Rn
0010 |Rn Rm|11MD |CWP/ STR XTRCT MULU. W Rm Rn | MULS. W Rm Rn
Rm Rn Rm Rn
0011 |Rn Rm |0OMD |CMP/ EQ Rm Rn CWP/ HS Rm Rn |CMP/ GE Rm Rn
0011 |Rn Rm|01MD |DIV1 Rm Rn DMULU. L CW/ H RmRn |CMP/ GT Rm Rn
Rm Rn
0011 |Rn Rm|10MD |SUB Rm Rn SUBC Rm Rn SUBV Rm Rn
0011 |Rn Rm|11MD |ADD Rm Rn DMULS. L ADDC Rm Rn ADDV Rm Rn
Rm Rn
0100 |Rn Fx | 0000 SHLL Rn DT Rn SHAL Rn |
42
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Table2.18 Operation Code Map (cont)

Instruction Code Fx: 0000 Fx: 0001 Fx: 0010 Fx: 0011-1111
MSB LSB |MD: 00 MD: 01 MD: 10 MD: 11
0100 |Rn Fx |0001 |[SHLR Rn CMP/ PZ Rn SHAR Rn
0100 |Rn Fx |0010 |[STS.L MACH, |[STS.L MACL, |STS.L PR

@-Rn @-Rn ©@-Rn
0100 |Rn Fx |0011 |STC.L STC. L STC. L
SR, @Rn GBR, @-Rn VBR, @Rn
0100 |Rn Fx |0100 |[ROTL Rn ROTCL Rn
0100 |Rn Fx |0101 |ROTR Rn CWP/ PL Rn ROTCR Rn
0100 |Rm Fx |0110 |LDS.L LDS. L LDS. L
@m+, MACH @m+, MACL @m+, PR
0100 |Rm Fx [0111 |LDC. L LDC. L LDC. L
@mt, SR @m+, GBR @Rmt+, VBR
0100 |Rn Fx |1000 [SHLL2 Rn SHLL8 Rn SHLL16 Rn
0100 |Rn Fx |1001 |[SHLR2 Rn SHLR8 Rn SHLR16 Rn
0100 |Rm Fx |1010 |LDS Rm MACH |LDS Rm MACL |LDS Rm PR
0100 |[Rm/Rn|Fx |1011 |[JSR @Rm TAS. B @n JMP @Rm
0100 |Rm Fx [1100
0100 |Rm Fx [1101
0100 |Rm Fx |1110 |[LDC Rm SR LDC Rm GBR LDC Rm VBR
0100 |Rn Rm 1111 |MAC. W @Rmt, @Rn+
0101 |Rn Rm |disp |MOV.L @disp:4, R, Rn
0110 |Rn Rm |0OMD [MOV. B @m Rn |[MOV. W @Rm Rn |MOV. L @m Rn [ MOV Rm Rn
0110 |Rn Rm |01MD | MOV. B MOV. W MOV. L NOT
@m*, Rn @m*, Rn @m+, Rn Rm Rn
0110 |Rn Rm |10MD |SWAP. B Rm Rn | SWAP. W Rm Rn |NEGC Rm Rn NEG Rm Rn
0110 |Rn Rm |11MD |EXTU. B Rm Rn |EXTU. W Rm Rn |EXTS. B Rm Rn | EXTS. W Rm Rn
0111 |Rn imm ADD #i mm 8, Rn
1000 |OOMD |[Rn |disp |MOV.B RO, MOV. W RO,
@disp:4,Rn) | @disp:4,Rn)
1000 [0IMD |Rm |disp |MOV.B MoV, W
@ di sp: 4, @ di sp: 4,
RM , RO RM) , RO
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Table2.18 Operation Code Map (cont)

Instruction Code Fx: 0000 Fx: 0001 Fx: 0010 Fx: 0011-1111
MSB LSB |MD: 00 MD: 01 MD: 10 MD: 11
1000 |10MD | imm/disp |CMP/ EQ BT label:8 BF label:8

#imm 8, RO
1000 | 10MD | imm/disp BT/S label:8 BF/S label:8
1001 |Rn disp MOV. W @ di sp: 8, PC), Rn
1010 disp BRA | abel : 12
1011 disp BSR | abel : 12
1100 |OOMD | imm/disp |MOV. B RO, MOV.W RO, MOV.L RO, TRAPA #imm:8
@di sp: 8, @(disp:8, @(disp:8,
GBR) GBR) GBR)
1100 |01MD disp MOV. B MOV.W MOV.L MOVA
@ di sp: 8, @(disp:8, @(disp:8, @(disp:8,
GBR), RO GBR),R0 GBR),R0 PC),RO
1100 |10MD imm TST AND XOR OR
#i mm 8, RO #imm:8,R0 #imm:8,R0 #imm:8,R0
1100 |11MD imm TST. B AND.B XOR.B OR.B
#i mm 8, #imm:8, #imm:8, #imm:8,
@ RO, GBR) @(RO,GBR) @(RO,GBR) @(RO,GBR)
1101 |Rn disp MWV. L @ disp:8,PC)| Rn
1110 |Rn imm MOV #i mm 8, Rn
1111
25 Processing States
251 State Transitions

The CPU has five processing states:. reset, exception handling, bus-released, program execution,
and power-down. Figure 2.6 shows the transitions between the states. See section 14, Power-

Down State, for more information on the power-down state.
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From any state when
RES=0and NMI =1

T

rom any state when
ES=0and NMI =0

v RES=0,NMI=0
- —
| Power-on reset state
; -~
; ES=0,NMI=1
RES=1, RES=1,
NMI = 1 NMI =0

Interrupt or DMA
address error

Bus-released state _ -’

Exception handling state

y
Bus request
cleared
Bus request
generated
Exception Exception
handling
ends
Bus request
generated Bus request
cleared
y

NMI interrupt

Bus request
generated

Bus request

cleared Program execution state

.....................................

Sleep mode

Y

SLEEP 4 SLEEP
instruction with instruction with
SBY bit cleared _MSTP MSTP SBY bit set
bit cleared bit set

A

Module standby

Standby mode
4 !

Power-down state

Figure2.6 Transitionsbetween Processing States
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Reset State: The CPU resets in the reset state. This occurs when the RES pin level goes low.
When the NMI pin is high, the result is a power-on reset; when it islow, a manual reset will occur.

Exception Handling State: The exception handling state is atransient state that occurs when an
exception handling source such as areset or interrupt alters the CPU’ s processing state flow.

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

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

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

Power-Down State: In the power-down state, the CPU operation halts and power consumption
declines. The SLEEP instruction places the CPU in the power-down state. This state has two
modes: sleep mode and standby mode. See section 2.5.2 for more details.

Bus-Released State: In the bus-rel eased state, the CPU releases the bus to the device that has
requested it.

25.2 Power-Down State

Besides the ordinary program execution states, the CPU also has a power-down state in which
CPU operation halts, lowering power consumption (table 2.19). There are two power-down state
modes, sleep mode and standby mode, and also a module standby function.

Sleep Mode: When standby bit SBY (in the standby control register SBY CR) iscleared to 0 and a
SLEEP instruction executed, the CPU moves from program execution state to sleep mode. The on-
chip peripheral modules other than the CPU do not halt in the sleep mode. To return from sleep
mode, use areset, any interrupt, or aDMA address error; the CPU returns to the ordinary program
execution state through the exception handling state.

Softwar e Standby M ode: To enter the standby mode, set the standby bit SBY (in the standby
control register SBY CR) to 1 and execute a SLEEP instruction. In standby mode, al CPU, on-chip
peripheral module, and oscillator functions are halted. When entering the standby mode, confirm
that the DMAC master enable bit is 0. If amultiply instruction isin progress on entry to standby
mode, the MACL and MACH registers will be invalid. CPU internal register contents and on-chip
RAM-dataare retained. Cache (and on-chip RAM) datais not retained.
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To return from standby mode, use areset or an external NMI interrupt. For resets, the CPU returns
to the ordinary program execution state through the exception handling state when placed in a
reset state after the oscillator stabilization time has elapsed. For NMI interrupts, the CPU returns
to the ordinary program execution state through the exception handling state after the oscillator
stabilization time has elapsed. Turn the cache off before entering standby mode. In this mode,
power consumption drops substantially because the oscillator stops.

M odule Standby Function: The module standby function is available for the multiplier (MULT),
divider (DIVU), 16-hit free-running timer (FRT), serial communication interface (SCI), and DMA
controller (DMAC) on-chip peripheral modules.

The supply of the clock to these on-chip peripheral modules can be halted by setting the
corresponding bits 4-0 (MSTP4-MSTPO) in the standby control register (SBY CR). By using this
function, the power consumption can be reduced.

The external pins of the on-chip peripheral modulesin module standby mode are reset and all
registers except DMAC, MULT, and DIVU areinitialized. The module standby function is cleared
by clearing the MSTP4-M STPO bitsto O.

When MULT has entered the software standby mode, do not execute the DMULS.L, DMULU.L,
MAC.L, MAC.W, MUL.L, MULS, and MULU instructions (al of which are multiply
instructions) or any instructions that access the MACH and MACL registers (CLRMAC, LDS
MACH/MACL, STSMACH/MACL).

When the DMAC module standby function is used, set the DMAC’'s DMA master enable bit to O.
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Table2.19 Power-Down State

State
On-Chip
Peripheral CPU
Mode Conditions Clock CPU Modules Registers RAM Canceling
Sleep Execute Active Halted Active Held Held 1. Interrupt
SLEEP 2. DMA
instruction address
with SBY bit error
clearedto O
in SBYCR 3. Power-on
reset
4. Manual
reset
Standby Execute Halted Halted Halted and Held Undefined 1. NMI
L
.SLEEP. initialized 2. Power-on
instruction reset
with SBY bit
setto1lin 3. Manual
SBYCR reset
Module  MSTP4- Active Active  Supply of clock Held Held Clear bits
standby MSTPO bits (MULT to affected MSTP 4-0 of
of SBYCR is module is halted SBYCRt0 0
setto 1 halted.) ' and module
initialized."?
Notes: 1. Depends on peripheral module and pin.
2. The DMAC, MULT, and DIV registers and the specified interrupt vectors retain their
settings.
48

RENESAS



Section 3 Oscillator Circuits and Operating Modes

31 Overview
Operation of the on-chip clock pulse generator, CS0 area bus width specification, and switching

between master and slave modes are controlled by the operating mode pins. A crystal resonator or
external clock can be selected as the clock source.

3.2 On-Chip Clock Pulse Generator and Operating M odes

321 Clock Pulse Generator

A block diagram of the on-chip clock pulse generator circuit is shown in figure 3.1.

P Standby
CAP1 D h control signal
CKIO D > PLL circuit 1 » Clock
A

Oscillator —>| PLL circuit 2 |—
XTAL
[ ] .

CKPREQ/
CKM
Clock mode pins \ 4
_ Clock mode
MD2 D i control circuit <

CKPACK* D‘i Note: See section 14.4.4, Clock Pause Function

Figure3.1 Block Diagram of Clock Pulse Generator Cir cuit
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49
RENESAS



Pin Configuration: Table 3.1 lists the functions relating to the pins relating to the oscillator
circuit.

Table3.1 Pin Functions

Pin Name I/0 Function

CKIO I/0 External clock input pin or internal clock output pin

XTAL (0] Connects to the crystal resonator.

EXTAL I Connects to the crystal resonator or to the external clock input when
using PLL circuit 2.

CAP1 | Connects to capacitance for operating PLL circuit 1.

CAP2 I Connects to capacitance for operating PLL circuit 2.

MDO | The level applied to these pins specifies the clock mode.

MD1 |

MD2 I

CKPREQ/CKM | Used as the clock pause request pin, or specifies operation of the crystal
oscillator.

PLL Circuit 1: PLL circuit 1 eliminates phase differences between external clocks and clocks
supplied internally within the chip. In high-speed operation, the phase difference between the
reference clocks and operating clocksin the.chip directly affects the interface margin with
peripheral devices. On-chip PLL circuit 1 is provided to eliminate this effect.

PLL circuit 1 can also make the phase difference between the clocks 90 degrees, enabling high-
speed interface with synchronous DRAM.

PLL Circuit 2: PLL circuit 2 either leaves unchanged, doubles, or quadruples the frequency of
clocks provided from the crystal resonator or the EXTAL pin external clock input for the chip
operating frequency. The frequency modification register sets the clock frequency multiplication
factor.

vww.DataSheet4U.com
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322 Clock Operating Mode Settings
Table 3.2 lists the functions and operation of clock modes 0 to 6.
Note that TBP-176 package products can only be used in clock modes 4 to 6.

Table3.2 Operating Modes

Clock Mode  Function/Operation Clock Source

0 PLL circuits 1 and 2 operate. A clock with the same phase as Crystal resonator/
the internal chip clock is output from the CKIO pin. External clock input

1 PLL circuits 1 and 2 operate. A clock shifted 90° from the Crystal resonator/
CKIO pin output is supplied to the internal chip clock. External clock input

2 Only PLL circuit 2 operates. The clock from PLL circuit 2 is Crystal resonator/
output from the CKIO pin. Phases are not matched in this External clock input
mode.

3 Only PLL circuit 2 operates. The CKIO pin is high impedance. Crystal resonator/
Phases are not matched in this mode. External clock input

4 Set this mode when the CKIO pin inputs a clock having a External clock input

frequency equivalent to the object operating frequency and
PLL circuit 1 synchronizes the phases of the input clock and
the internal clock.

5 Set this mode when the CKIO pin inputs a clock having a External clock input
frequency equivalent to the object operating frequency and
PLL circuit 1 shifts the phases of the input clock and internal
clock by 90 degrees.

6 Set this mode when a clock having a frequency equivalent to  External clock input
that of clocks input from the CKIO pin are used. PLL circuits 1
and 2 do not operate.

When clock modes 0 to 3 are selected, the input frequency or its double or quadruple (produced by
PLL circuit 2) isused asthe internal clock. When clock modes 4 to 6 are selected, the clock pause
function can modify the frequency of clocks input from the CK10 pin or can stop the sending of
clock signals (see section 14.4, Standby Mode). When clock modes 4 to 6 are set, PLL circuit 2
stops.

Table 3.3 lists the relationship between pins MD2 to MDO and the clock operating mode. Do not
switch the MD2-M DO pins while they are operating. Switching will cause operating errors.
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Table3.3 Clock Mode Pin Settings and States

Pin*1
Clock CKPREQ/
Mode MD2 MD1 MDO CKM EXTAL  XTAL CKIO Internal Clock
0 0 0 0 0 Clock Open Output Synchronized to a
1 input phase difference of
Crystal Crystal 0_° frqm CKIO by PLL
oscillation oscillation circuit 1
1 0 0 1 0 Clock Open Output Synchronized to a
1 input phase difference of
Crystal Crystal 90 frqm C_:KIO by
oscillation oscillation PLL circuit 1
2 0 1 0 0 Clock Open Output CKIO
1 input
Crystal Crystal
oscillation oscillation
3 0 1 1 0 Clock Open High PLL circuit 2 output
1 input impe-
Crystal  Crystal  dance
oscillation oscillation
4 1 0 0 *2 Open Open Clock Synchronized to a
input phase difference of
0° from CKIO by PLL
circuit 1
5 1 0 1 Open Open Clock Synchronized to a
input phase difference of
90° from CKIO by
PLL circuit 1
6 1 1 0 Open Open Clock CKIO
input

Notes: 1. Do not use in combinations other than those listed.
2. In clock modes 4, 5, and 6, CKPREQ/CKM functions as the clock pause request pin.
3. For TBP-176 package products, only clock mode 4, 5, or 6 can be selected.

323 Connecting a Crystal Resonator

Connecting a Crystal Resonator: Figure 3.2 shows how to connect a crystal resonator. Use the
value shown in table 3.4 for the damping resistance Rd. The crystal resonator should be an AT-cut

parallel-resonance type. Be sure to connect |oad capacitors (CL1, CL2) as shown?l_ [.1_, 1E‘,’h(a f«;‘&‘%{&en e
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—¢— High level

ABEER The CKIO pin is an output in clock
CKPREQ/CKM modes 0,1, and 2. In mode 3,
it is high impedance.

CKIO Qutput or high
impedance
crt
EXTAL T I 7
= cL2
XTAL —AM——— T CL1=CL2 = 18 pF—22 pF

Rd P

Figure3.2 Exampleof Crystal Resonator Connection
Table3.4 Damping Resistance (Reference Values)

Frequency (MHz) 4 6 8

Rd (Q) 500 200 0

Crystal Resonator: Figure 3.3 shows a crystal resonator equivalent circuit. Use a crystal
resonator that has the characteristics shown in table 3.5.

L CL Rs
7000 | AN
EXTAL <4—
Co
sl

Figure3.3 Crystal Resonator Equivalent Cir cuit
Table3.5 Crystal Resonator Characteristics (Reference Values)

Frequency (MHz)

Parameters 4 6 8
Rs max (Q) 120 100 80
Co max (pF) 7 pF max

vww.DataSheet4U.com
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324 Inputting an External Clock
Input the external clock from the EXTAL pin or the CKIO pin, depending on the clock mode.

Clock Input from the EXTAL Pin: This can be used in clock modes 0,1, 2, and 3.

CKPREQ/CKM ﬁ(iround level The CKIO pin is an output in clock
modes 0,1, and 2. In mode 3,
. itis high'i d :
Output or high it is high impedance
CKIO —— .
impedance
EXTAL |[¢—— External clock input
XTAL — Open

Figure3.4 Inputting External Clock

Clock Input from the CK10O Pin: This can be used in clock modes 4, 5, and 6.

CKPREQ/CKM becomes the input
pin for clock pause requests

CKIO [«—— External clock input

EXTAL —— Open

CKPREQ/CKM [¢———

XTAL — Open

Figure3.5 Inputting External Clock

3.25 Selecting Operating Frequency with a Register

PLL circuit 2 and the frequency modification register can double or quadruple the operating
frequency in clock modes 0 to 3. Figure 3.6 shows a block diagram of PLL circuit 2 and the
frequency modification register.

vww.DataSheet4U.com
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EXTAL

PLL circuit 2

|Osci|lator |L->| PLL | >

divider

v
if x4 [Frequency]f 2=

Frequency | f *1
divider

Y

A

;

| Frequency selection circuit

>

A

Frequency
modification register

A

Data bus

Figure3.6 Relationship between PLL Circuit 2 and the Frequency M odification Register

PLL circuit 2 includes the PLL circuit (which quadruples frequency f of clocks generated by the
oscillator) and frequency dividers, which divide the output of the PLL circuit by 2 or 4. The clocks
(fx1,fx2 andf x 4) areinput to the frequency selection circuit, where oneis selected according
to the value set in the frequency modification register, and is then output from PLL circuit 2.

Frequency Modification Register: Thisregister is only initialized by a power-on reset. It holds
its valuesin amanual reset and in standby mode. Table 3.6 shows the register configuration, and
the following figure shows the bit combinations and functions.

Table3.6 Frequency Modification Register
Register Abbrev. R/W Initial Value Address Access Size
Frequency modification register FMR R/W H'00 H'FFFFFE90 8
Bit: 7 6 5 4 3 2 1 0
Bitname: | — | — | — | — | — | — | FR1 | FRO |
Initial value: 0 0 0 0 0 0 0 0
R/W: R/W R/W
Bit 1: FR1 Bit 0: FRO Description
0 0 No multiplication (Initial value)
1 x2 multiplication
1 0 x4 multiplication www.DataSheet4U.com
1 Setting prohibited
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Bits 2—7 arereserved. They awaysread 0, and the write value should always be O.

Modifying Frequencies: In the following modifications, the device is running in clock modes 0 to

3, and the operating frequency is left unchanged, doubled, or quadrupled using PLL circuit 2.

Set the TME hit to 0 in or above the oscillation settling time that specifies the on-chip WDT's
overflow time.

Set the frequency modification register to the target value. (The chip will go internally to
standby mode temporarily.)

All circuitsinvolved in oscillation operate and the clock is supplied to the WDT. The WDT
overflows with this clock.

When the WDT overflows, a clock at the frequency set within the chip begins to be supplied
and the chip returns from standby mode.

Frequency Modification Guiddlines:

Only write to the frequency modification register while the cache is disabled.

The frequency modification program is alwaysin cache memory and so should be executed
utilizing the forced access space of the data array. Figure 3.7 shows how the frequency
modification register is set.

When the frequency modification program is executed, execute an associative or forced purge
of the entriesin the data array used.

Place at |east eight consecutive NOP.instructions afteran instruction that writes to the
frequency modification register.

Disable cache

'

Transfer the frequency
modification program
to the data array

'

Cache purge

'

Execute the frequency
modification program in
data array forced space

v

Next program
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Figure3.7 Freguency Moadification Flowchart
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Frequency Modification Register Setting Program (Sample)

DEFI NE CONSTANTS

CLR .EQU H 00000000
WAL T_TIME . EQU H 00080000
PURGE .EQU H 40000000
MAP_ ROM . EQU H 00000000
MAP- | O .EQU H FFFFFO00
DI RECT_RW . EQU H C0000000
MDC FLCR .EQU H FFFFFE9OD
MDC_ CCR . EQU H FFFFFE92
WICSR .EQU H FFFFFESO

; Programinitialization

MOV. L #CLOCK2_START, RO
MOV. L #Dl RECT_RW R1
MOV. L #CLOCK2_END, R11
; Cache_CCR save, disable, and forced purge
MOV. L #MVDC_CCR, R2
MOV. B @r2, R6
MOV #H 00, R3 ; Disable setting
MOV. B R3, @R2
MOV. B @2, R3 ; Dummy read
MoV #H 10, R3 ; Forced purge setting
MOV. B R3, @2

Transfer frequency nodification programto the data array

PRG_TRNS

; Read fromthe main nmenory
MOV. L @r0, R2
MOV. L @4, R0), R3™
MOV. L @8, R0), R4™
MOV. L @12, R0),R5"

Wite to the data array

MOV. L R2, @r1
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MOV. L
MOV. L
MOV. L
I ncrement poi nter
ADD
ADD
Loop
CWP/ GT
BF

R3, @4, R1) ™"
R4, @8, R1) "
R5, @12, R1)

#H 10, RO
#H 10, Rl

R11, RO
PRG_TRNS

Branch to the data array forced access space

MOV. L
JWP

NOP

. CONST™?

CLOCK2_START

58

MOV. L

MOV. L

MOV. L

MOV. W

MOV. L

MoV
MOV. B

#DI RECT_RW RO
@0

#NEXT_PROG, R3

#WCSR, RO ;

#H 0000A507, R1

R1, @0

#MDC_FLCR, R2

#H 01, R1
R1, @2

Wait during frequency nodification

NOP
NOP
NOP

RENESAS

Branch destinati on address

for the next program

VDT setting
Set enough tine for PLL to be
stabilized

; Frequency nodification
register setting
; Doubl e the internal frequency
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NOP
NOP
; Branch to the next program
JwP @3
NOP
. CONST™?
CLOCK2_END

; Next program
NEXT_PROG

; Cache_CCR | oad
MOV. L #MDC_CCR, R2
MOV. B R6, @R2

Notes: *1 This example shows Hitachi cross-assembler coding. With the Hitachi cross-assembler,
the values to which scaling (x1, x2, x4) is applied are written. For coding in other cross-
assemblers, see the notation rules.

*2 This is a literal pool output control statement. Code according to the notation rule for the
assembler used. The Hitachi cross-assembler is not required.

*3 When the WTCSR set value is read, H'O000A51F is returned.
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3.26 Operating M odes and Frequency Ranges
Table 3.7 shows the operating modes and the associated frequency ranges for input clocks.

Table3.7 Operating Modesand Frequency Ranges

Internal CKIO

PLL Circuit Clock Input Clock Qutput
Input Frequency Frequency Frequency
Mode PLL1 PLL2 Pin Range (MHz) (MHz) (MHz) Comments
0 Active Active EXTAL 4-8** 4—max**  7-max*? Multiplication
1 (including ratio settable
5 Halted when resonator A mact? (<1, x2, x4)
is used)
3
4 Active Halted CKIO 7—max*? 7—max*® Multiplication
5 not settable
S — (x1 only)
6 Halted 4-max*? 4—max*?

Notes: 1. Make the setting so that the clock frequency output from the CKIO pin does not exceed
the maximum operating frequency. For example, if 8 MHz is input, set the multiplication
ratio of the frequency to x1 or x2. (If x4 is used, a 32-MHz clock is output from the CKIO
pin, which is outside the range for the PLL circuit 1 input frequency.)

2. "max” represents the maximum operating frequency of 28.7 MHz at 5 V operation and
20.0 MHz at 3.3 V operation.

3. If CKIO output below 7 MHz is used during PLL circuit 1 operation, AC characteristics
using the CKIO output are not guaranteed.

327 Notes on Board Design

When Using a Crystal Resonator ; Place the crystal resonator and capacitors as close to the
EXTAL and XTAL pinsas possible. Do not let the pins' signal lines cross other signal lines. If
they do, induction may prevent proper oscillation.
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CL1 CL2

| ”:“ | 1 CL1 =CL2 =18 pF-22 pF

No crossing of signal lines §

EXTAL XTAL

SH7604

Figure3.8 Design Considerationswhen Using a Crystal Resonator

When Using PLL Oscillation Circuits: Place oscillation settling capacitors C1 and C2 and
resistors R1 and R2 near the CAP1 and CAP2 pins, and keep the wiring from the CAP pins as
short as possible. Asthe CAP pin circuits are susceptible to influence by other signals, avoid
crossing signal lines both on the board surface and in internal layers. PLL-V o and PLL-V
should be isolated from other V. and V g lines away from the board's power supply sources, and
bypass capacitors CPB and CB must be inserted near the pins.

In the clock circuitsin this product, clock stability may be affected by reflected noise generated by
the CKIO pin. Thisinfluenceis especially great in clock modes 0 and 1, in which the PLL1 and
PLL2 circuits are used simultaneously, so the board design should ensure that reflected noise does
not occur in CKI0O. In clock mode 6, in which no PLLs are used, connect PLL-V . to V. and
PLL-Vgto V.

Table3.8 Connected Resistance and Capacitance Reference Values

Mode Setting

Resistance/Capacitance 0 1 2 3 4 5 6
R1=3kQ Needed Needed Not Not Needed Needed Not

C1 =470 pF needed needed needed
R2 =3 kQ Needed Needed Needed Needed Not Not Not

C2 =470 pF needed needed needed

When the PLL circuits are off, CAP1 and CAP2 should be left open or used as shown in the
recommended example.
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No crossing of signal lines
(do not cross signal lines in
adjacent layers on the board)

CAP1—AW—]
R2 C2
CAP2 |——] |
'R2 C2
SH7604
Rp
PLL-Vcc
% CPB
PLL-Vss
Vee
% CcB
Vss—+* [

Note:  CPBJ/CB: 0.1 pF (laminated ceramic)
Rp: 300 Q resistance (recommended value)

Figure3.9 Design Considerationswhen Using PLL Oscillation Cir cuits

3.3 BusWidth of the CSO Area

Pins MD3 and MD4 are used to specify the bus width of the CS0O area (boot ROM ared). The pin
combination and functions are listed in table 3.9. Do not switch the MD4 and MD3 pins while
they are operating. Switching them will cause operating errors.

Table3.9 BusWidth of the CS0 Area

Pin
MD4 MD3 Function
0 0 8-bit bus width selected
0 1 16-bit bus width selected
1 0 32-bit bus width selected
1 1 Setting prohibited

www.DataSheet4U.com
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34 Switching between Master Mode and Slave M ode

The SH7604 has two master modes and a slave mode for bus rights that can be selected with the
MDS5 pin. The master modes consist of atotal master mode and a partial-share master mode,
which are specified using the MD5 pin and the partial -share space specification bit (PSHR) in bus
control register 1 (BCR1). When the slave mode is selected with the MD5 pin, the device enters
total slave mode. When master mode is selected with the MD5 pin and partial-space share is
specified with the PSHR bit, the device enters partial-share master mode. When partial-space
shareis not specified with the PSHR bit, the device enters total master mode.

Total master mode has rights to bus use. External devices can be accessed freely. The bus can be
alocated to another CPU upon request.

Total slave mode does not have any rights to bus use. When an external device is accessed, bus
rights have to be requested from the master CPU, and permission to use the bus gained, before the
external device can be accessed.

Partial-share master mode lacks bus rights only for the CS2 space. To access the CS2 space, bus
rights must first be requested from the master CPU, and permission granted. This mode has bus
rights for all other spaces and does not require arequest for the bus when accessing them (table
3.10). Do not change MD5 while external device accesses arein progress.

Table3.10 Master Modes and Slave M ode

MD5 PSHR
Total Slave Mode Partial-Share
Mode Specification Pin Bit Function
Total slave 1 (Not used) Has no bus rights. To use the bus, it must
mode request the bus and receive permission from
the master CPU.
Partial-share 0 1 Has bus rights to CS0, CS1, and CS3 spaces,
master mode but not normally to CS2. To access CS2, it
must first request and be granted bus rights.
Total master 0O 0 Always has bus rights. Grants bus rights to
mode slave CPUs.
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Section 4 Exception Handling

4.1 Overview

411 Types of Exception Handling and Priority Order

Exception handling is initiated by four sources: resets, address errors, interrupts, and instructions
(table 4.1). When several exception handling sources occur at once, they are processed according
to priority.

Table4.1 Typesof Exception Handling and Priority Order

Exception Source Priority

Reset Power-on reset High

Manual reset

Address CPU address error
error

DMA address error

Interrupt NMI

User break
IRL (IRL1-IRL15 (set with IRL3, IRL2, IRL1, IRLO pins))

On-chip peripheral modules Division unit (DIVU)

Direct memory access controller (DMAC)
Watchdog timer (WDT)

Compare match interrupt (part of the bus
state controller)

Serial communication interface (SCI)
16-bit free-running timer (FRT)

Instructions Trap instruction (TRAPA)

General illegal instructions (undefined code)

lllegal slot instructions (undefined code placed directly following a delayed Low
branch instruction™® or instructions that rewrite the PC*2)

Notes: 1. Delayed branch instructions: JMP, JSR, BRA, BSR, RTS, RTE, BF/S, BT/S, BSRF,
BRAF

2. Instructions that rewrite the PC: JMP, JSR, BRA, BSR, RTS, RTE, BT, BF, TRAPA,
BF/S, BT/S, BSRF, BRAF

vww.DataSheet4U.com
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412 Exception Handling Operations

Exception handling sources are detected, and exception handling started, according to the timing
shown in table 4.2.

Table4.2 Timing of Exception Source Detection and Start of Exception Handling

Exception Source Timing of Source Detection and Start of Handling
Reset Power-on reset Starts when the NMI pin is high and the RES pin changes from
low to high.
Manual reset Starts when the NMI pin is low and the RES pin changes from
low to high.
Address error Detected when instruction is decoded and starts when the

previous executing instruction finishes executing.

Interrupts Detected when instruction is decoded and starts when the
previous executing instruction finishes executing.

Instructions  Trap instruction Starts from the execution of a TRAPA instruction.

General illegal Starts from the decoding of undefined code anytime except after
instructions a delayed branch instruction (delay slot).

lllegal slot Starts from the decoding of undefined code placed directly
instructions following a delayed branch instruction (delay slot) or of an

instruction that rewrites the PC.

When exception handling starts, the CPU operates as follows:

1. Exception handling triggered by reset

Theinitia values of the program counter (PC) and stack pointer (SP) are fetched from the
exception vector table (PC and SP are respectively addresses H'00000000 and H'00000004 for
a power-on reset and addresses H'00000008 and H'0000000C addresses for a manual reset).
See section 4.1.3, Exception Vector Table, for more information. 0 is then written to the vector
base register (VBR) and 1111 iswritten to the interrupt mask bits (13-10) of the status register.
The program begins running from the PC address fetched from the exception vector table.

2. Exception handling triggered by address errors, interrupts, and instructions
SR and PC are saved to the stack address indicated by R15. For interrupt exception handling,
the interrupt priority level iswritten to the SR’ s interrupt mask bits (13-10). For address error
and instruction exception handling, the I3-10 bits are not affected. The start addressis then
fetched from the exception vector table and the program begins running from that address.
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4.1.3

Exception Vector Table

Before exception handling begins, the exception vector table must be written in memory. The
exception vector table stores the start addresses of exception service routines. (The reset exception
table holds the initial values of PC and SP.)

All exception sources are given different vector numbers and vector table address offsets, from

which the vector table addresses are calculated. During exception handling, the start addresses of
the exception service routines are fetched from the exception vector table.

Table 4.3 lists the vector numbers and vector table address offsets. Table 4.4 shows vector table

address calculations.

Table4.3 Exception Vector Table
Vector Vector Table Address
Exception Source Number  Offset Vector Address
Power-on reset PC 0 H'00000000—-H'00000003 Vector number x 4
SP 1 H'00000004—H'00000007
Manual reset PC 2 H'00000008-H'0000000B
SP 3 H'0000000C—H'0000000F
General illegal instruction 4 H'00000010-H'00000013 VBR + (vector
(Reserved by system) 5 H'00000014-H00000017 ~ Number x4)
Slot illegal instruction 6 H'00000018-H'0000001B
(Reserved by system) 7 H'0000001C-H'0000001F
8 H'00000020—-H'00000023
CPU address error 9 H'00000024—-H'00000027
DMA address error 10 H'00000028—-H'0000002B
Interrupt NMI 11 H'0000002C—-H'0000002F
User break 12 H'00000030—H'00000033
(Reserved by system) 13 H'00000034—-H'00000037
31 H'0000007C-H'0000007F
Trap instruction (user vector) 32 H'00000080—H'00000083
63 H'000000FC—-H'000000FF

RENESAS
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Table4.3

Exception Processing Vector Table (cont)

Exception Source

Vector Vector Table Address
Number  Offset

Vector Addresses

Interrupt IRL11 642 H'00000100-H'00000103 VBR + (vector
IRL2"L 652 H'00000104-H'00000107 ~ Number x4)
IRL3™
IRL4" 662 H'00000108-H'0000010B
IRL5"?
IRL6™ 672 H'0000010C-H'0000010F
IRL7"1
IRL8" 68"2 H'00000110-H'00000113
IRL9™
IRL10™ 692 H'00000114-H'00000117
IRL11"
IRL12™ 702 H'00000118-H'0000011B
IRL13"
IRL14"1 712 H'0000011C-H'0000011F
IRL15™
On-chip 0™ H'00000000-H'00000003
peripheral
module*3 . '
255" H'000003FC—-H'000003FF
Notes: 1. When 1110 is input to the IRLS, IRL2, IRL1, and IRLO pins, an IRL1 interrupt results.
When 0000 is input, an IRL15 interrupt results.

2. External vector number fetches can be performed without using the auto-vector
numbers in this table.

3. The vector numbers and vector table address offsets for each on-chip peripheral
module interrupt are given in section 5, Interrupt Controller, and table 5.4, Interrupt
Exception Vectors and Priorities.

4. Vector numbers are set in the on-chip vector number register. See section 5.3,
Description of Registers, section 9, Direct Memory Access Controller, and section 10,
Division Unit, for more information.
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Table4.4 Calculating Exception Vector Table Addresses

Exception Source Vector Table Address Calculation

Power-on reset (Vector table address) = (vector table address offset)

Manual reset = (vector number) x 4

Other exception handling (Vector table address) = VBR + (vector table address offset)
= VBR + (vector number) x 4

Note: VBR: Vector base register
Vector table address offset: See table 4.3.
Vector number: See table 4.3.

4.2 Resets

421 Types of Resets

Resets have the highest priority of any exception source. There are two types of resets. manual
resets and power-on resets. Astable 4.5 shows, both types of resetsinitialize the internal status of
the CPU. In power-on resets, al registers of the on-chip peripheral modules are initialized; in
manual resets, registers of al on-chip peripheral modules except the bus state controller (BSC),
user break controller (UBC) and frequency modification register are initialized. (Use the power-on
reset when turning the power on.)

Table45 Typesof Resets

Conditions for

Transition to Reset Status Internal Status
Type NMI Pin RES Pin CPU On-Chip Peripheral Modules
Power-on reset  High Low Initialized Initialized
Manual reset Low Low Initialized  Initialized except for BSC, UBC,

and FMR register
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422 Power-On Reset

When the NMI pin is high and the RES pin is driven low, the device performs a power-on reset.
For areliable reset, the RES pin should be kept low for at least the duration of the oscillation
settling time (when the PLL circuit is halted) or for 20 clock cycles (when the PLL circuit is
running). During a power-on reset, the CPU’ sinternal state and all on-chip peripheral module
registers are initialized. See appendix A, Pin States, for the state of individual pinsin the power-on
reset state.

In a power-on reset, power-on reset exception handling starts when the NMI pinis kept high and
the RES pinisfirst driven low for a set period of time and then returned to high. The CPU will
then operate as follows:

1. Theinitial value (execution start address) of the program counter (PC) is fetched from the
exception vector table.

2. Theinitia value of the stack pointer (SP) is fetched from the exception vector table.
3. Thevector baseregister (VBR) is cleared to H'00000000 and the interrupt mask bits (13-10) of
the status register (SR) are set to H'F (1111).

4. The values fetched from the exception vector table are set in the PC and SP, and the program
begins executing.

423 Manual Reset

When the NMI pin islow and the RES pin is driven low, the device executes a manual reset. For a
reliable reset, the RES pin should be kept low for at least 20 clock cycles. During a manual reset,
the CPU’sinternal stateisinitialized. Registers of all on-chip peripheral modules except the bus
state controller (BSC), user break controller (UBC) and the frequency modification register are
initialized. Since the BSC is not affected, the DRAM and synchronous DRAM refresh control
functions remain operational even if the manual reset state continues for along period of time.
When the chip enters the manual reset state in the middle of a bus cycle, manual reset exception
handling does not start until the bus cycle has ended. Thus, manual resets do not abort bus cycles.
See appendix A, Pin States, for the state of individual pinsin the manual reset state.

In amanual reset, manual reset exception handling starts when the NMI pinis kept low and the
RES pinisfirst kept low for a set period of time and then returned to high. The CPU will then
operate in the same way as for a power-on reset.

70
RENESAS



4.3 AddressErrors

431 Sourcesof AddressErrors

Address errors occur when instructions are fetched or dataread or written, as shown in table 4.6.

Table4.6 BusCyclesand AddressErrors

Bus Cycle
Bus
Type Master Bus Cycle Description Address Errors
Instruction CPU Instruction fetched from even address None (normal)
fetch Instruction fetched from odd address Address error occurs
Instruction fetched from other than on-chip peripheral ~ None (normal)
module space
Instruction fetched from on-chip peripheral module Address error occurs
space
Data CPU or Word data accessed from even address None (normal)

read/write. DMAC Word data accessed from odd address

Address error occurs

Longword data accessed from a longword boundary

None (normal)

Longword data accessed from other than a longword
boundary

Address error occurs

Access of cache purge space, address array read/
write space or on-chip 1/0 space by PC-relative
addressing

Address error occurs

Access of cache purge space, address array read/
write space, data array read/write space or on-chip
1/0 space by a TAS.B instruction

Address error occurs

Byte data accessed in on-chip peripheral module
space at addresses H'FFFFFFOO to H'FFFFFFFF

Address error occurs

Word or longword data accessed in on-chip peripheral
module space at addresses H'FFFFFFOO to
H'FFFFFFFF

None (normal)

Longword data accessed in on-chip peripheral module
space at addresses H'FFFFFEOO to H'FFFFFEFF

Address error occurs

Word or byte data accessed in on-chip peripheral
module space at addresses H'FFFFFEOO to
H'FFFFFEFF

None (normal)

Notes: 1. Address errors do not occur during the synchronous DRAM mode register write cycle.

20r116-byte DMAC transfers use longword accesses.

RENESAS

www.DataSheetdU.com

71



4.3.2 AddressError Exception Handling

When an address error occurs, address error exception handling begins after the end of the bus
cycle in which the error occurred and completion of the executing instruction. The CPU operates
asfollows:

1. Thestatusregister (SR) is saved to the stack.

2. The program counter (PC) is saved to the stack. The PC value saved is the start address of the
instruction to be executed after the last instruction executed .

3. The exception service routine start address is fetched from the exception vector table entry that
corresponds to the address error that occurred, and the program starts executing from that
address. The jJump that occurs is not a delayed branch.

4.4 Interrupts

441 Interrupt Sources

Table 4.7 shows the sources that initiate interrupt exception handling. These are divided into NMI,
user breaks, IRL, and on-chip peripheral modules. Each interrupt sourceis allocated a different
vector number and vector table address offset. See table 5.4, Interrupt Exception Vectors and
Priority Order, in section 5, Interrupt Controller, for more information.

Table4.7 Typesof Interrupt Sources

Type Request Source Number of Sources
NMI NMI pin (external input) 1

User break User break controller 1

IRL IRL1-IRL15 (external input) 15

On-chip peripheral module  Direct memory access controller (DMAC)

Division unit (DIVU)

Free-running timer (FRT)

Watchdog timer (WDT)

2
1
Serial communication interface (SCI) 4
3
1
1

Bus state controller (BSC)
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4.4.2 Interrupt Priority Levels

Theinterrupt priority order is predetermined. When multiple interrupts occur simultaneously, the
interrupt controller (INTC) determines their relative priorities and begins exception handling
accordingly.

The priority order of interruptsis expressed as priority levels 0-16, with priority O the lowest and
priority 16 the highest. The NMI interrupt has priority 16 and cannot be masked, so it is always
accepted. The user break interrupt priority level is 15 and IRL interrupts have priorities of 1-15.
On-chip peripheral module interrupt priority levels can be set freely using the INTC’ sinterrupt
priority level setting registers A and B (IPRA and IPRB) as shown in table 4.8. The priority levels
that can be set are 0-15. Level 16 cannot be set. For more information on I|PRA and |PRB, see
sections 5.3.1 and 5.3.2, Interrupt Priority Level Setting Registers A and B (IPRA and IPRB).

Table4.8 Interrupt Priority Order

Type Priority Level Comment

NMI 16 Fixed priority level. Cannot be masked.

User break 15 Fixed priority level.

IRL 1-15 Set with IRL3-IRLO pins.

On-chip peripheral module 0-15 Set with interrupt priority level setting registers A and

B (IPRA and IPRB).

443 Interrupt Exception Handling

When an interrupt occurs, its priority level is ascertained by the interrupt controller (INTC). NMI
is always accepted, but other interrupts are only accepted if they have a priority level higher than
the priority level set in the interrupt mask bits (13-0) of the status register (SR).

When an interrupt is accepted, exception handling begins. In interrupt exception handling, the
CPU saves SR and the program counter (PC) to the stack. The priority level value of the accepted
interrupt is written to SR bits I3-10. For NMI, however, the priority level is 16, but the value set in
I3H0isH'F (level 15). Next, the start address of the exception service routine is fetched from the
exception vector table for the accepted interrupt, that addressis jJumped to and execution begins.
For more information about interrupt exception handling, see section 5.4, Interrupt Operation.
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4.5 Exceptions Triggered by Instructions

451 Instruction-Triggered Exception Types

Exception handling can be triggered by atrap instruction, general illegal instruction or illegal slot
instruction, as shown in table 4.9.

Table4.9 Typesof Exceptions Triggered by Instructions

Type Source Instruction Comment

Trap instruction  TRAPA —

lllegal slot Undefined code placed Delayed branch instructions: JMP, JSR,
instruction immediately after a delayed BRA, BSR, RTS, RTE, BF/S, BT/S, BSRF,

branch instruction (delay slot) BRAF
and instructions that rewrite the |41 ctions that rewrite the PC: JMP, JSR,

PC BRA, BSR, RTS, RTE, BT, BF, TRAPA,
BF/S, BT/S, BSRF, BRAF

General illegal Undefined code anywhere —
instruction besides in a delay slot

452 Trap Instructions

When a TRAPA instruction is executed, trap instruction exception handling starts. The CPU
operates as follows:

1. Thestatusregister (SR) is saved to the stack.

2. The program counter (PC) is saved to the stack. The PC value saved is the start address of the
instruction to be executed after the TRAPA instruction.

3. The exception service routine start address is fetched from the exception vector table entry that
corresponds to the vector number specified by the TRAPA instruction. That address is jumped
to and the program starts executing. The jump that occursis not a delayed branch.

453 Illegal Slot Instructions

Aninstruction placed immediately after adelayed branch instruction is said to be placed in adelay
dot. If theinstruction placed in the delay slot is undefined code, illegal slot exception handling
begins when the undefined code is decoded. Illegal slot exception handling also starts up when an
instruction that rewrites the program counter (PC) is placed in adelay slot. The exception handling
starts when the instruction is decoded. The CPU handles anillegal slot instruction as follows:
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1. Thestatusregister (SR) is saved to the stack.

2. The program counter (PC) is saved to the stack. The PC value saved is the jump address of the
delayed branch instruction immediately before the undefined code or the instruction that
rewrites the PC.

3. The exception service routine start address is fetched from the exception vector table entry that
corresponds to the exception that occurred. That address is jumped to and the program starts
executing. The jump that occursis not adelayed branch.

454 General Illegal Instructions

When undefined code placed anywhere other than immediately after a delayed branch instruction
(i.e., inadelay slot) is decoded, general illegal instruction exception handling starts. The CPU
handles general illegal instructionsin the same way asillegal slot instructions. Unlike processing
of illegal slot instructions, however, the program counter value stored is the start address of the
undefined code.

4.6 When Exception Sour ces are Not Accepted

When an address error or interrupt is generated after a delayed branch instruction or interrupt-
disabled instruction, it is sometimes not immediately accepted but is stored instead, as described in
table 4.10. When this happens, it will be accepted when an instruction for which exception
acceptance is possible is decoded.

Table4.10 Exception Source Generation Immediately after a Delayed Branch I nstruction
or Interrupt-Disabled Instruction

Exception Source

Point of Occurrence Address Error Interrupt

Immediately after a delayed branch instruction*l Not accepted Not accepted

Immediately after an interrupt-disabled instruction™2 Accepted Not accepted

Notes: 1. Delayed branch instructions: JMP, JSR, BRA, BSR, RTS, RTE, BF/S, BT/S, BSRF,
BRAF

2. Interrupt-disabled instructions: LDC, LDC.L, STC, STC.L, LDS, LDS.L, STS, STS.L

4.6.1 Immediately after a Delayed Branch Instruction

When an instruction placed immediately after a delayed branch instruction (delay slot) is decoded,
neither address errors nor interrupts are accepted. The delayed branch instruction and the
instruction located immediately after it (delay slot) are always executed consecutively, so no
exception-handling occurs between the two.
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4.6.2 Immediately after an Interrupt-Disabled Instruction

When an instruction immediately following an interrupt-disabled instruction is decoded, interrupts
are not accepted. Address errors are accepted.

4.7 Stack Status after Exception Handling
The status of the stack after exception handling endsis as shown in table 4.11.

Table4.11 Stack Statusafter Exception Handling

Type Stack Status

Address error SP - Address of instruction after executed instruction 32 bits
SR 32 bits

Trap instruction SP - Address of instruction after TRAPA instruction 32 bits
SR 32 bits

General illegal instruction SP - Start address of illegal instruction 32 bits
SR 32 bits

Interrupt SP - Address of instruction after executed instruction 32 hits
SR 32 bits

lllegal slot instruction SP - Jump-destinationaddress of delayed branch instruction 32 bits
SR 32 bits

4.8 Usage Notes

481 Value of Stack Pointer (SP)

The value of the stack pointer must always be a multiple of four, otherwise an address error will
occur when the stack is accessed during exception handling.

4.8.2 Value of Vector Base Register (VBR)

The value of the vector base register must always be a multiple of four, otherwise an address error
will occur when the vector table is accessed during exception handling.

vww.DataSheet4U.com
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4.8.3 AddressErrors Caused by Stacking of Address Error Exception Handling

If the stack pointer value is not a multiple of four, an address error will occur during stacking of
the exception handling (interrupts, etc.). Address error exception handling will begin as soon as
the first exception handling is ended, but address errors will continue to occur. To ensure that
address error exception handling does not go into an endless loop, no address errors are accepted
at that point. This allows program control to be shifted to the address error exception service
routine and enables error handling to be carried out.

When an address error occurs during exception handling stacking, the stacking bus cycle (write) is
executed. In stacking of the status register (SR) and program counter (PC), the SP is decremented
by 4 for both, so the value of SP will not be a multiple of four after the stacking either. The
address value output during stacking is the SP value, so the address where the error occurred is
itself output. This means that the write data stacked will be undefined.

484 Manual Reset during Register Access

Do not initiate a manual reset during access of a bus state controller (BSC) or user break controller
(UBC) register, otherwise awrite error may result.
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Section 5 Interrupt Controller (INTC)

51 Overview

Theinterrupt controller (INTC) ascertains the priority of interrupt sources and controls interrupt

requests to the CPU. The INTC has registers for setting the priority of each interrupt which allow

the user to set the order of priority in which interrupt requests are handled.

511 Features

The INTC has the following features:

« 16 interrupt priority levels: By setting the two interrupt-priority level registers, the priorities of

on-chip peripheral module interrupts can be set at 16 levels for different request sources.

e Settable vector numbers for on-chip peripheral module interrupts: two vector number setting
registers enable on-chip peripheral module interrupt vector numbers to be set in the range 0—
127 by interrupt source.

e ThelRL interrupt vector number setting method can be selected: Either of two modes can be
selected by aregister setting: auto-vector mode in which vector numbers are determined
internally, and external vector mode in which vector numbers are set externally.

512 Block Diagram

Figure 5.1 shows a block diagram of the INTC.
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513 Pin Configuration
Table 5.1 shows the INTC pin configuration.

Table5.1 Pin Configuration

Name Abbreviation 1/0O  Function

Nonmaskable interrupt input pin NMI | Input of nonmaskable interrupt request
signal

Level request interrupt input pins  IRL3-IRLO | Input of maskable interrupt request
signals

Interrupt acceptance level output ~ A3—-AO0 o In external vector mode, output an

pins interrupt level signal when an IRL
interrupt is accepted

External vector fetch pin IVECF (0] Indicates external vector read cycle

External vector number input pins D7-DO

Input external vector number

514 Register Configuration

The INTC has the eight registers shown in table 5.2. These registers perform various INTC
functions including setting interrupt priority, and controlling external interrupt input signal

detection.

RENESAS
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Table5.2 Register Configuration

Initial Access
Name Abbr. R/W  Value  Address Size*
Interrupt priority level setting register A IPRA R/W  H0000 H'FFFFFEE2 8,16
Interrupt priority level setting register B IPRB R/W  H0000 H'FFFFFE60 8,16
Vector number setting register A VCRA R/W  H0000 H'FFFFFE62 8,16
Vector number setting register B VCRB R/W  H0000 H'FFFFFE64 8,16
Vector number setting register C VCRC R/W  H0000 H'FFFFFE66 8,16
Vector number setting register D VCRD R/W  H0000 H'FFFFFE68 8,16
Vector number setting register WDT VCRWDT R/W H'0000 HFFFFFEE4 8,16
Vector number setting register DIV VCRDIV R/W — H'FFFFFFOC 32
Vector number setting register DMACO VCRDMAO R/W  — H'FFFFFFAO 32
Vector number setting register DMAC1 VCRDMAl R/W — H'FFFFFFA8 32
Interrupt control register ICR R/W  H'8000/ H'FFFFFEEO 8, 16

H'0000*

—: Undefined
Note: The value when the NMI pin is high is H'8000; when the NMI pin is low, it is H'0000.

See the sections 9, Direct Memory Access Controller, and 10, Division Unit, for more
information on VCRDIV, VCRDMAQ, and VCRDMAL.

5.2 Interrupt Sources

There are four types of interrupt sources: NMI, user bresks, IRL, and on-chip peripheral modules.
Each interrupt has a priority expressed as a priority level (0to 16, with 0 the lowest and 16 the
highest). Giving an interrupt a priority level of 0 masksit.

521 NMI Interrupt

The NMI interrupt has priority 16 and is always accepted. Input at the NMI pin is detected by
edge. Use the NMI edge select bit (NMIE) in the interrupt control register (ICR) to select either
the rising or falling edge. NMI interrupt exception handling sets the interrupt mask level bits (13—
10) in the status register (SR) to level 15.

522 User Break Interrupt

A user break interrupt has priority level 15 and occurs when the break condition set in the user

break controller (UBC) is satisfied. User break interrupt exception handling sets (g lnissk4el/masky com
level bits (13-10) in the status register (SR) to level 15. For more information about the user break

interrupt, see section 6, User Break Controller.
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523 IRL Interrupts

IRL interrupts are requested by input from pins IRL3—IRLO. Fifteen interrupts, IRL15-1RL1, can
be input externally via pins IRL3-IRLO. The priority levels of interrupts IRL15-IRLO are 151,
respectively, and their vector numbers are 71-64. Set the vector numbers with the IRL interrupt
vector mode select (VECMD) hit of the interrupt control register (ICR) to enable external input.
External input of vector numbers consists of vector numbers 0-127 from the external vector input
pins (D7-D0). Internal vectors are called auto-vectors and vectors input externally are called
external vectors. Table 5.3 lists IRL priority levels and auto vector numbers.

When an IRL interrupt is accepted in external vector mode, the IRL interrupt level is output from
the interrupt acceptance level output pins (A3-A0). The external vector fetch pin (IVECF) is also
asserted. The external vector number is read from pins D7-DO at thistime. Figures 5.2 and 5.3
show interrupt connection examples.

IRL interrupt exception processing sets the interrupt mask level bits (13 to 10) in the status register
(SR) to the priority level value of the IRL interrupt that was accepted.

Table5.3 IRL Interrupt Priority Levelsand Auto-Vector Numbers

Pin

__ _ __ Priority Vector
IRL3 IRL2 IRL1 IRLO Level Number
0 0 0 0 15 71
0 0 0 1 14
0 0 1 0 13 70
0 0 1 1 12
0 1 0 0 11 69
0 1 0 1 10
0 1 1 0 9 68
0 1 1 1 8
1 0 0 0 7 67
1 0 0 1 6
1 0 1 0 5 66
1 0 1 1 4
1 1 0 0 3 65
1 1 0 1 2
1 1 1 0 1 64
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Priority 4
Interrupt ————— N
requests 5 | encoder —— » IRLO-IRL3
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Vector number<: AO-A3
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circuit _ %ECF
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Figure5.2 Exampleof Connectionsfor External Vector Maode Interrupts

SH7604
4
Interrupt ————™| Priority N
requests —5> encoder IRLO-IRL3
—> IRLO-IRL3

Figure5.3 Exampleof Connectionsfor Auto-Vector Mode I nterrupts

Figure 5.4 shows the interrupt fetch cycle for the external vector mode. During this cycle, CSO—
CS3 stay high. A26-A4 output undefined values. The WAIT pin is sampled, but programmable
walits are not valid.
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524 On-chip Peripheral Module Interrupts

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

e Division unit (DIVU)

< Direct memory access controller (DMAC)
e Serial communication interface (SCI)

e Busstate controller (BSC)

e Watchdog timer (WDT)

e Free-running timer (FRT)

A different interrupt vector is assigned to each interrupt source, so the exception service routine
does not have to decide which interrupt has occurred. Priority levels between 0 and 15 can be
assigned to individual on-chip peripheral modulesin interrupt priority registers A and B (IPRA
and |PRB). On-chip peripheral module interrupt exception handling sets the interrupt mask level
bits (13-10) in the status register (SR) to the priority level value of the on-chip peripheral module

interrupt that was accepted. www.DataSheet4U.com
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525 Interrupt Exception Vectorsand Priority Order

Table 5.4 lists interrupt sources and their vector numbers, vector table address offsets and interrupt
priorities.

Each interrupt sourceis allocated a different vector number and vector table address offset. Vector
table addresses are cal culated from vector numbers and address offsets. In interrupt exception
handling, the exception service routine start address is fetched from the vector table entry
indicated by the vector table address. See table 4.4, Calculating Exception Vector Table
Addresses, for more information on this cal cul ation.

IRL interrupts IRL15-IRL1 have interrupt priority levels of 15-1, respectively. On-chip peripheral
module interrupt priorities can be set freely between 0 and 15 for each module by setting interrupt
priority registers A and B (IPRA and IPRB). The ranking of interrupt sources for IPRA and IPRB,
however, must be the order listed under Priority Within IPR Setting Unit in table 5.4 and cannot
be changed. A reset assigns priority level 0 to on-chip peripheral module interrupts. If the same
priority level is assigned to two or more interrupt sources and interrupts from those sources occur
simultaneously, their priority order isthe default priority order indicated at the right in table 5.4.
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Table5.4 Interrupt Exception Vectorsand Priority Order
Interrupt Priority
Priority within
Order IPR Vectors
(Initial IPR (Bit Setting Vector Vector Table Default
Interrupt Source Value) Numbers) Unit No. Address Priority
NMI 16 — — 11 VBR + (vector High
User break 15 — — 12 No. x4)
IRL15 15 — — 711
IRL14 14 — —
IRL13 13 — — 70"
IRL12 12 — —
IRL11 11 — — 691
IRL10 10 — —
IRL9 9 — — 681
IRLS 8 — —
IRL7 7 — — 671
IRL6 6 — —
IRL5 5 — — 66"t
IRL4 4 — —
IRL3 3 — — 651
IRL2 2 — —
IRL1 1 — — 64™1
DIVU OVFI 0-15(0) IPRA (15-12) 0-127"2 Low

www.DataSheet4U.com
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Table5.4 Interrupt Exception Vectorsand Priority Order (cont)

Interrupt Priority
Priority within
Order IPR Vectors
(Initial IPR (Bit Setting Vector Vector Table Default
Interrupt Source Value) Numbers) Unit No. Address Priority
DMACO Transferend 0-15(0) IPRA(11-8) 1 0-127"2 VBR + (vector
DMACL Transfer end 0 0-127°2 No.x4)
WDT ITI 0-15(0) IPRA(7-4) 1 0-127"2
REF3  CMI 0 0-127%2
SCI ERI 0-15 (0) IPRB (15-12) 3 0-127"2
RXI 2 0-127*2
TXI 1 0-127%2
TEI 0 0-127"2
FRT ICI 0-15(0) IPRB (11-8) 2 0-127"2
ocl 1 0-127%2
ovl 0 0-127"2
Reserved — — — 128-255 — Low

Notes: 1. An external vector number fetch can be performed without using the auto-vector
numbers shown in this table. The external vector numbers are 0-127.

2. Vector numbers are set in the on-chip vector number register.
3. REF is the refresh control unit within the bus state controller.

53 Description of Registers

531 Interrupt Priority Level Setting Register A (IPRA)

Interrupt priority level setting register A (IPRA) is a 16-bit read/write register that assigns priority
levels from O to 15 to on-chip peripheral module interrupts. IPRA isinitialized to H'0000 by a
reset. It is not initialized in standby mode. Unless otherwise specified, ‘reset’ refers to both power-
on and manual resets throughout this manual .
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Bit:

Bit name:

Initial value:
R/W:

Bit:

Bit name:

Initial value:
R/W:

15 14 13 12 11 10 9 8
DIVU DIVU DIVU DIvU DMAC | DMAC | DMAC | DMAC
IP3 1P2 IP1 IPO IP3 P2 IP1 IPO
0 0 0 0 0 0 0 0
R/W R/W R/W R/W R/W R/W R/W R/W
7 6 5 4 3 2 1 0
WDT WDT WDT WDT — — — —
IP3 1P2 IP1 IPO
0 0 0 0 0 0 0 0
R/W R/W R/W R/W R R R R

e Bits15to 12—Division Unit (DIVU) Interrupt Priority Level (DIVUIP3-DIVUIPO): These
bits set the division unit (DIVU) interrupt priority level. There are four bits, so levels 0-15 can

be set.

e Bits11to 8—DMA Controller Interrupt Priority Level (DMACIP3-DMACIPO): These hits set
the DMA controller (DMAC) interrupt priority level. There are four bits, so levels 0—15 can be
set. The same level is set for both DMAC channels. When interrupts occur simultaneously,
channel 0 has priority.

e Bits 7 to 4—Watchdog Timer (WDT) Interrupt Priority Level (WDTIP3-WDTIPQ): These bits
set the watchdog timer (WDT) interrupt priority level and bus state controller (BSC) interrupt
priority level. There are four hits, so levels 0-15 can be set. When WDT and BSC interrupts
occur simultaneously, the WDT interrupt has priority.

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

532 Interrupt Priority Level Setting Register B (IPRB)

Interrupt priority level setting register B (IPRB) is a 16-bit read/write register that assigns priority
levels from O to 15 to on-chip peripheral module interrupts. IPRB isinitialized to H'0000 by a
reset. Itisnot initialized in standby mode.
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Bit 15 14 13 12 11 10 9 8
Bit name: | SCIIP3 | SCIIP2 | SCIIP1 | SCIIPO | FRTIP3 | FRTIP2 | FRTIP1| FRTIPO |
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
gtname: | — | — | — [ — | — | — [ — | — |
Initial value: 0 0 0 0 0 0 0 0

R/W:

e Bits 15 to 12—Serial Communication Interface (SCI) Interrupt Priority Level (SCIIP3-
SCIIP0): These bits set the serial communication interface (SCI) interrupt priority level. There
arefour bits, so levels 0-15 can be set.

e Bits 11 to 8—Free-Running Timer (FRT) Interrupt Priority Level (FRTIP3—FRTIPO): These
bits set the free-running timer (FRT) interrupt priority level. There are four bits, so levels 0-15
can be set.

» Bits7to 0—Reserved: These bits always read 0. The write value should always be 0.

Table 5.5 shows the relationship between on-chip peripheral module interrupts and interrupt
priority level setting registers.

Table55 Interrupt Request Sourcesand IPRA/IPRB

Register Bits 15to 12 Bits 11to 8 Bits 7to 4 Bits 3to 0
IPRA DIVU DMACO, DMAC1 WDT Reserved
IPRB SCI FRT Reserved Reserved

Astable 5.5 shows, two or three on-chip peripheral modules are assigned to each interrupt priority
register. Set the priority levels by setting the corresponding 4-bit groups (bits 15 to 12, bits 11 to 8,
and bits 7 to 4) with values in the range of H'0 (0000) to H'F (1111). H'O isinterrupt priority level
0 (the lowest); H'Fislevel 15 (the highest). When two on-chip peripheral modules are assigned to
the same bits (DMACO0 and DMAC1, or WDT and DRAM refresh control unit), those two
modules have the same priority. A reset initializes IPRA and IPRB to H'0000. They are not
initialized in standby mode.
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533 Vector Number Setting Register WDT (VCRWDT)

Vector number setting register WDT (VCRWDT) is a 16-bit read/write register that setsthe WDT
interval interrupt and BSC compare match interrupt vector numbers (0-127). VCRWDT is
initialized to H'0000 by areset. It is not initialized in standby mode.

Bit:

Bit name:
Initial value:
R/W:

Bit:

Bit name:
Initial value:
R/W:

15 14 13 12 11 10 9 8
| — | WITVe| WITV5 | WITV4 | WITV3 | WITV2 | WITVL | WITVO |
0 0 0 0 0 0 0 0

RW RW RW RW RW RW RW
7 6 5 4 3 2 1 0
— | BCMV6| BCMV5 | BCMV4| BCMV3 | BCMV2 | BCMVL | BCMVO |
0 0 0 0 0 0 0 0
R RW RW RW RW RW RW RW

« Bits 15, 7—Reserved: These bits always read 0. The write value should always be 0.

e Bits 14 to 8—Watchdog Timer (WDT) Interval Interrupt Vector Number (WITV6-WITVO0):
These bits set the vector number for the interval interrupt (1T1) of the watchdog timer (WDT).
There are seven bits, so the value can be set between 0 and 127.

« Bits 6 to 0—Bus State Controller (BSC) Compare Match Interrupt Vector Number (BCMV 6—
BCMVO0): These bits set the vector number for the compare match interrupt (CMI) of the bus
state controller (BSC). There are seven hits, so the value can be set between 0 and 127.

534 Vector Number Setting Register A (VCRA)

Vector number setting register A (VCRA) isa 16-bit read/write register that sets the SCI receive-
error interrupt and receive-data-full interrupt vector numbers (0-127). VCRA isinitialized to
H'0000 by areset. It is not initialized in standby mode.
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Bit:
Bit name:

Initial value:
R/W:

Bit:
Bit name:

Initial value:
R/W:

15 14 13 12 11 10 9 8
| — | SERV6| SERV5 | SERV4| SERV3 | SERV2 | SERVI | SERVO |
0 0 0 0 0 0 0 0
RW RW RW RW RW RW RW
7 6 5 4 3 2 1 0
— | SRXV6| SRXV5 | SRXV4| SRXV3 | SRXV2 | SRXV1| SRXVO |
0 0 0 0 0 0 0 0
RW RW RW RW RW RW RW

Bits 15, 7—Reserved: These bits dways read 0. The write value should always be 0.

» Bits 14 to 8—Serial Communication Interface (SCI) Receive-Error Interrupt Vector Number
(SERV6-SERV0): These hits set the vector number for the serial communication interface
(SCI) receive-error interrupt (ERI). There are seven bits, so the value can be set between 0 and

127.

e Bits6to 0—Seria Communication Interface (SCI) Receive-Data-Full Interrupt Vector
Number (SRXV6-SRXV0): These hits set the vector number for the serial communication
interface (SCI) receive-data-full interrupt (RXI). There are seven hits, so the value can be set

between 0 and 127.

535

Vector Number Setting Register B (VCRB)

Vector number setting register B (VCRB) is a 16-bit read/write register that sets the SCI transmit-
data-empty interrupt and transmit-end interrupt vector numbers (0-127). VCRB isinitialized to
H'0000 by areset. It isnot initialized in standby mode.

Bit:
Bit name:

Initial value:
R/W:

Bit:
Bit name:

Initial value:
R/W:

92

15 14 13 12 11 10 9 8
| — | sTxve | STXV5 | STXV4 | STXV3 | STXV2 | STXV1| STXVO |
0 0 0 0 0 0 0 0

RW RW RW RW RW RW RW
7 6 5 4 3 2 1 0
| — | STEV6| STEV5 | STEV4 | STEV3 | STEV2 | STEVL | STEVO |
0 0 0 0 0 0 0 0
RW RW RW RW RW RW RW
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Bits 15, 7—Reserved: These bits always read 0. The write value should always be 0.

Bits 14 to 8—Serial Communication Interface (SCI) Transmit-Data-Empty Interrupt Vector
Number (STXV6-STXV0): These bits set the vector number for the serial communication
interface (SCI) transmit-data-empty interrupt (TX1). There are seven bits, so the value can be
set between 0 and 127.

Bits 6 to 0—Serial Communication Interface (SCI) Transmit-End Interrupt VVector Number
(STEV6-STEV0): These bits set the vector number for the serial communication interface
(SCI) transmit-end interrupt (TEI). There are seven bits, so the value can be set between 0 and
127.

5.3.6 Vector Number Setting Register C (VCRC)

Vector number setting register C (VCRC) is a 16-bit read/write register that sets the FRT input-
capture interrupt and output-compare interrupt vector numbers (0-127). VCRC isinitialized to
H'0000 by areset. It is not initialized in standby mode.

Bitt 15 14 13 12 11 10 9 8
Bitname:| — | FICV6 | FICV5 | FICV4 | FICV3 | FICV2 | FICVL | FICVO |
Initial value: 0 0 0 0 0 0 0 0
RW: R RW RW RW RW RW RW RW
Bitt 7 6 5 4 3 2 1 0
Bitname:| — | FOCV6 FOCV5 | FOCV4| FOCV3 | FOCV2 | FOCV1| FOCVO |
Initial value: 0 0 0 0 0 0 0 0
RW: R RW RW RW RW RW RW RW

Bits 15, 7—Reserved: These bits always read 0. The write value should always be 0.

Bits 14 to 8—Free-Running Timer (FRT) Input-Capture Interrupt Vector Number (FICV6—
FICV0): These bits set the vector number for the free-running timer (FRT) input-capture
interrupt (ICl). There are seven bits, so the value can be set between 0 and 127.

Bits 6 to 0—Free-Running Timer (FRT) Output-Compare Interrupt Vector Number (FOCV 6—
FOCV0): These bits set the vector number for the free-running timer (FRT) output-compare
interrupt (OCI). There are seven hits, so the value can be set between 0 and 127.
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537 Vector Number Setting Register D (VCRD)

Vector number setting register D (VCRD) is a 16-bit read/write register that sets the FRT overflow
interrupt vector number (0-127). VCRD isinitialized to H'0000 by areset. Itisnot initialized in

standby mode.

Bit:
Bit name:

Initial value:
R/W:

Bit:
Bit name:

Initial value:
R/W:

15 14 13 12 11 10 9 8

\ — ‘FOVVG‘ FOVVS‘ Fovv4] FOVVS‘ FOVVZ‘ FOVVl‘ FOVVO‘
0 0 0 0 0 0 0 0
RW RW RW RW RW RW RW
7 6 5 4 3 2 1 0

-l -1-71T-7T-=-7T-=-17T-=-17=1
0 0 0 0 0 0 0 0

» Bits 15, 7-0—Reserved: These bits aways read 0. The write value should always be 0.

e Bits 14 to 8—Free-Running Timer (FRT) Overflow Interrupt Vector Number (FOVV6—
FOVVO0): These bits set the vector number for the free-running timer (FRT) overflow interrupt
(OVI). There are seven bits, so the value can be set between 0 and 127.

Tables 5.6 and 5.7 show the relationship between on-chip peripheral module interrupts and
interrupt vector number setting registers.

Table56 Interrupt Request Sourcesand Vector Number Setting Registers (1)

Bits
Register 14-8 6-0
Vector number setting register Interval interrupt (WDT) Compare-match interrupt (BSC)
WDT

Vector number setting register A

Receive-error interrupt (SCI) Receive-data-full interrupt (SCI)

Vector number setting register B

(SCI)

Transmit-data-empty interruptTransmit-end interrupt (SCI)

Vector number setting register C

Input-capture interrupt (FRT) Output-compare interrupt (FRT)

Vector number setting register D Overflow interrupt (FRT)

Reserved
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Astable 5.6 shows, two on-chip peripheral module interrupts are assigned to each register. Set the
vector numbers by setting the corresponding 7-bit groups (bits 14 to 8 and bits 6 to 0) with values
in the range of H'00 (0000000) to H'7F (1111111). H'00 is vector number O (the lowest); H'7F is
vector number 127 (the highest). The vector table addressis calculated by the following equation.

Vector table address = VBR + (vector number x 4)

A reset initializes a vector number setting register to H'0000. They are not initialized in standby
mode.

Table 5.7 lists functions for vector number setting registers DIV, DMACO, and DMAC1. The
vector number for DIV overflow interruptsis set in VCRDIV and the vector numbers for DMAC
transfer-end interrupts are set in VCRDMAO and VCRDMA1. See sections 9, Direct Memory
Access Controller, and 10, Division Unit, for more details.

Table5.7 Interrupt Request Sourcesand Vector Number Setting Registers (2)

Register Setting Function

Vector number setting register DIV (VCRDIV) Overflow interrupts for division unit

Vector number setting register DMACO Channel 0 transfer end interrupt for DMAC
(VCRDMAO)
Vector number setting register DMAC1 Channel 1 transfer end interrupt for DMAC
(VCRDMAL)

538 Interrupt Control Register (ICR)

ICR isa16-bit register that setsthe input signal detection mode of external interrupt input pin
NMI and indicates the input signal level at the NMI pin. It also sets the IRL interrupt vector mode.
A reset initializes |CR to H'8000 or H'0000 but the standby mode does not.

Bitt 15 14 13 12 11 10 9 8
Bitname: | NMIL | — | — | — | — | — | — | NME |

Initial value: 0/1* 0 0 0 0 0 0 0

RW: R R R R R R R RIW

Bit 7 6 5 4 3 2 1 0
Bitname: — | — | — | — | — | — | — [vEcmD|

Initial value: 0 0 0 0 0 0 0 0

RW: R R R R R R R RIW

Note: ' ' When NMI input is high: 1; when NMI input is low: O
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* Bit 15—NMI Input Level (NMIL): Setsthe level of the signal input at the NMI pin. This bit
can be read to determine the NMI pin level. This bit cannot be modified.

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

» Bits 14 to 9—Reserved: These bits aways read 0. The write value should always be 0.

» Bit 8—NMI Edge Select (NMIE): Selects whether the falling or rising edge of the interrupt
request signal to the NMI pin is detected.

Bit 8: NMIE Description
0 Interrupt request is detected on falling edge of NMI input (Initial value)
1 Interrupt request is detected on rising edge of NMI input

e Bits7to 1—Reserved: These bits always read 0. The write value should always be 0.

» Bit 0—IRL Interrupt Vector Mode Select (VECMD): This bit selects auto-vector mode or
external vector mode for IRL interrupt vector number setting. In auto-vector mode, an
internally determined vector number is set. The IRL15 and IRL 14 interrupt vector numbers are
set to 71 and the IRL 1 vector number is set te. 644 In.external vector mode, a value between 0
and 127 can be input as the vector number from the external vector number input pins (D7—
DO).

Bit 0: VECMD Description
0 Auto vector mode, vector number automatically set internally
(Initial value)
1 External vector mode, vector number set by external input
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54 Interrupt Operation

54.1 Interrupt Sequence

The sequence of interrupt operations (figure 5.5) is explained below:

1
2.

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

Theinterrupt controller selects the highest-priority interrupt among the interrupt requests sent,
according to the priority levels set in interrupt priority level setting registers A and B (IPRA
and IPRB). Lower-priority interrupts are held pending. If two of these interrupts have the same
priority level or if multiple interrupts occur within a single module, the interrupt with the
highest default priority or the highest priority within its IPR setting unit (asindicated in table
5.4) is selected.

Theinterrupt controller compares the priority level of the selected interrupt request with the
interrupt mask bits (13-10) in the CPU’ s status register (SR). If the request priority level is
equal to or lessthan the level set in I3-0, the request is held pending. If the request priority
level is higher than the level in bits I3-0, the interrupt controller accepts the interrupt and
sends an interrupt request signal to the CPU.

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

SR and PC are saved onto the stack:

The priority level of the accepted interrupt is copied to the interrupt mask level bits (I3to 10) in
the status register (SR).

When external vector mode is specified for the IRL interrupt, the vector number is read from
the external vector number input pins (D7-D0).

The CPU reads the start address of the exception service routine from the exception vector
table entry for the accepted interrupt, jumps to that address, and starts executing the program
there. Thisjump is not a delayed branch.
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* A
Program execution
state

Interrupt
generated?

User break?

Level 15
interrupt?

Level 14
interrupt?

<
«

13to 10 <
level 14?

y
Save SR to stack

v

Save PC to stack

v

Copy accepted y v __JX£
interrupt level to 1310

v No

Read vector number*

v

Read exception
vector table

v

Branch to exception
service routine

| v y 4

Level 1
interrupt?

13to 10 <
level 13?

1I3to 10 =
level 0?

I3-10: Status register interrupt mask bits.
Note: The vector number is only read from an external source when an external
vector number is specified for the IRL interrupt vector number.

Figure5.5 Interrupt Sequence Flowchart
vww.DataSheet4U.com
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54.2 Stack after Interrupt Exception Handling

Figure 5.6 shows the stack after interrupt exception handling.

Address
4n -8 pC* 32 bits | <] sp
an-4 SR 32 bits
4n

Note: PC: Start address of next instruction after the executing instruction (return destination
instruction)

Figure5.6 Stack after Interrupt Exception Handling

www.DataSheet4U.com
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5.5 Interrupt Response Time

Table 5.8 shows the interrupt response time, which is the time from the occurrence of an interrupt
request until interrupt exception handling starts and fetching of the first instruction of the interrupt
service routine begins. Figure 5.7 shows the pipeline when an IRL interrupt is accepted.

Table5.8 Interrupt Response Time

Number of States

Peripheral

Item NMI  Module IRL Notes

Compare identified inter- 2 5 —

rupt priority with SR mask

level

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

sequence currently being for interrupt or address-

executed by CPU error exception handling
X=4+ml+m2+m3+
m4). If an interrupt-
masking instruction
follows, however, the
time may be even longer.

Time from interrupt 5+ml+m2+m3 —

exception handling (SR

and PC saves and vector

address fetch) until fetch

of first instruction of

exception service routine

starts

Interrupt Total: 7+ ml+m2+m3 10+ml+m2+m3 —

response Minimum: 10 13 —

Maximum: 11 +2 (m1+m2 +
m3) + m4

14+2 M1+ m2+
m3) + m4

Note: ml-m4 are the number of states needed for the following memory accesses

m1l: SR save (longword write)
m2: PC save (longword write)

m3: Vector address read (longword read)

m4: Fetch of first instruction of interrupt service routine
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| Interrupt accepted |

L 5+ml+m2+m3
5 3 mim2 1 m3 1:

R3O .

Instruction (instructions T S
replaced during interrupt [FID]E]E[M]IM]IE[M]E]E]
exception handling) ‘ ‘

Overrun fetch

Interrupt service routine ‘
start instruction ‘ F[D[E]

When m1l=m2 =m3 =1, the
interrupt response time is 13 cycles

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

D: Instruction decoding (fetched instruction is decoded)

E: Instruction execution (data operation and address calculation is performed
according to the results of decoding)

M: Memory access (data in memory is accessed)

Figureb5.7 Pipelinewhen an IRL Interrupt is Accepted

5.6 Sampling of Pins IRL3-IRL0

Signals on interrupt pins IRL3 to IRLO pass through the noise canceler before being sent by the
interrupt controller to the CPU as interrupt requests. The noise canceler cancels noise that changes
im short cycles. The CPU samples the interrupt requests between executing instructions. During
this period, the noise canceler output changes according to the noise-eliminated pin level, so the
pin level must be held until the CPU samplesit. This means that interrupt sources generally must
not be cleared inside interrupt routines.

When an external vector is fetched, the interrupt source can aso be cleared when the external
vector fetch cycle is detected.

Figure 5.8 shows a block diagram of the interrupt response procedure. Figure 5.9 shows interrupt

response timing.

vww.DataSheet4U.com
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Interrupt
RLO —» > request
IRL1 —» Noise > Interrupt CPU
IRL2 »| canceler > controller
IRL3 » > Interrupt
f | accepted
Pin level cleared
when interrupt is accepted
Figure5.8 Interrupt Response Block Diagram
1011 for
1 clock
IRL3-IRLO due to
pin level noise Level 2 interrupt Level 6 interrupt
11 X X 1111 1101 X 1001
Noise canceler X &
output Cleared when interrupt is accepted
X 1001

Interrupt request

to CPU \ /S

Interrupt acceptance /

signal to CPU / \

X
\
1111 X 1101
X
/

Figure5.9 Interrupt Response Timing Chart

www.DataSheet4U.com
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5.7 Usage Notes

1. Do not execute module standby for modules that have the modul e-stop function when the
possibility remains that an interrupt request may be output.

2. Asshownin figure 5.10, the point at which the NMI request is cleared is the state following
the decoding stage for the instruction replaced by the interrupt exception handling.

NMI request

(at fall) l

Instruction replaced by
interrupt exception FIDIEIEIMIMIEIM|EI|E
handling

Start instruction in
NMI routine

NMI request
clearing timing

Figure5.10 NMI Reguest Clearing Timing

3. Clearing Interrupt Sources:

External Interrupt Sources: When an interrupt source is cleared by writing to an 1/0O address,

another instruction will be executed before the write can be completed because of the write

buffer. To ensure that the next instruction is executed after the write is completed, read from
the same address after the write to obtain total synchronization.

e Returning from interrupt handling with an RTE instruction: Figure 5.11 shows how a
minimum interval of 1 cycleis required between the read instruction used for
synchronization and the RTE instruction. A read instruction for synchronization and a
minimum of 1 instruction should thus be executed between the source clear and the RTE
instruction.

» Changing the level during interrupt handling: Figure 5.12 shows how a minimum interval
of 4 cyclesisrequired between the synchronization instruction and the LDC instruction
when an LDC instruction is used to enable another overlapping interrupt by changing the
SR value. A read instruction for synchronization and a minimum of 4 instructions should
thus be executed between the source clear and the LDC instruction.
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Next interrupt can
be accepted

|Writing complete|

Interrupt clear instruction

e External write
ex. mov r0,@r1 E Min. 2 cycles

Synchronization instruction  —1 71171 | External read
ex. mov @r1,r0 m ......... Min. 2 cycles
1 cycle '

RTE instruction EIEI """""

Delay slot instruction IEEI

Instruction at destination I:
of return from interrupt F _ D

v 5 cycles

IRL3—-IRLO

Figure5.11 Pipeline Operation in Return with RTE

Next interrupt can
be accepted

|Writing complete|

Interrupt clear instruction

e External write
ex. mov r0,@r1 Em ,,,,,,,, Min. 2 cycles :
. External read

Synchronization instruction T
F E
ex. mov @r1,r0 .E.m

......... Min. 2 cycles
4 cycles
— > ;
LDC instruction E E
Interrupt-disable instruction ' D EI
Ordinary instruction A

5 cycles

IRL3-IRLO

Figure5.12 Pipeline Operation when Interruptsare Enabled by Modifying SR

www.DataSheet4U.com
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On-Chip Interrupt Sources: Pipeline operation must be taken into account to ensure that the
same interrupt does not occur again when the interrupt source is from an on-chip peripheral
module. At least 2 cycles are required for the CPU to recognize that the interrupt is from an on-
chip peripheral module. Two cycles are aso required for the fact that there isno longer an
interrupt request to be relayed.

¢ Returning from interrupt handling with an RTE instruction: Figure 5.13 shows how an extra
cycleisrequired after the read instruction used for synchronization before interrupts are
accepted, even when an RTE instruction is executed. A read instruction for synchronization
should thus be executed between the source clear and the RTE instruction.

e Changing the level during interrupt handling: Figure 5.14 shows how a minimum interval of 2
cyclesis required between the synchronization instruction and the LDC instruction when an
LDC instruction is used to enable another overlapping interrupt by changing the SR value. A
read instruction for synchronization and a minimum of 2 instructions should thus be executed
between the source clear and the LDC instruction.

Next interrupt can
be accepted

|Writing complete | l
Interrupt clear instruction

: -1 On-chip peripheral write
ex. mov r0,@rl1 Em Min. 1 cycle

Synchronization instruction f On-chip peripheral read
ex. mov @rl,r0 : M. Min. _1cyc|e

RET instruction | | F|D|E |M|M|
Delay slot instruction IEEI
Tt etunn rom mtenrup F[o[e

2 cycles 1-cycle margin
V «—>o

On-chip peripheral interrupt

Figure5.13 Pipeline Operation in Return with RTE

vww.DataSheet4U.com
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Interrupt clear instruction

ex. mov r0,@rl
Synchronization instruction
ex. mov @r1,r0

LDC instruction

Interrupt-disable instruction

Ordinary instruction

On-chip peripheral interrupt

Next interrupt can

be accepted

|Writing complete| l

| F D| E | M
2 cycles

&

n-chip peripheral write

Min. 1 cycle

. On-chip peripheral read
W|
Min. 1 cycle

EIE?
[Flo[e]
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Figure5.14 Pipeline Operation when Interruptsare Enabled by Changing the SR
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6.1

Section 6 User Break Controller

Overview

The user break controller (UBC) provides functions that simplify program debugging. Break
conditions are set in the UBC and a user break interrupt is generated according to the conditions of
the bus cycle generated by the CPU, on-chip DMAC, or external bus master.

This function makes it easy to design an effective self-monitoring debugger, enabling the chip to
debug programs without using an in-circuit emulator. The UBC can be set in an SH7000 series
compatible mode, facilitating porting of monitoring programs that use other SH7000 series UBCs.

6.1.1

Features

The features of the user break controller are listed below:

« Thefollowing break compare conditions can be set: Two break channels (channel A, channel
B). User break interrupts can be requested using either independent or sequential condition for
the two channels (sequential breaks are channel A, then channel B).

O

O oOoood

Address

Data (channel B only)

Bus master: CPU cycle/DMA cyclefexternal bus'cycle
Bus cycle: instruction fetch/data access

Read or write

Operand size: byte/word/longword

e User break interrupt generated upon satisfying break conditions. A user-designed user break
interrupt exception handling routine can be run.

e Select breaking in the instruction fetch cycle before the instruction is executed, or after.
e Compatible with SH7000 series UBCs after a power-on reset.
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6.1.2 Block Diagram

| Adres <«—1 BARAH | BARAL K >
<— BAMRAH | BAMRAL K >

Access BBRA :

2l |3
2 3 a 2 — Channel A 0
o Q » %) o
20 |8l |5 |2 |8 g
818 2| 1B I3 «—{ BARBH | BARBL [ (T
<15l |5l || |B[ [ | Address 3
S| |2 s <— BAMRBH | BAMRBL K €
c |
] <— BDRBH | BDRBL K
[ | | Data

<—{BDMRBH | BDMRBL K>
Access

p<— Channel B

L »| Control BRCR

— Internal interrupt signal

BARAH/L: Break address register AH/L
BAMRAH/L: Break address mask register AH/L
BBRA: Break bus cycle register A
BARBH/L: Break address register BH/L
BAMRBH/L: Break address mask register BH/L
BDRBHI/L: Break data register BH/L
BDMRBH/L: Break data mask register BH/L
BBRB: Break bus cycle register B

BRCR: Break control register

Figure6.1 User Break Controller Block Diagram

www.DataSheet4U.com
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6.1.3 Register Configuration
Table6.1 Register Configuration

Initial
Name Abbr. R/W Value*! Address Access Size™
Break address register AH BARAH R/W H'0000 HFFFFFF40 16 32
Break address register AL BARAL R/W H'0000 HFFFFFF42 16
Break address mask register AH BAMRAH R/W H'0000 HFFFFFF44 16 32
Break address mask register AL BAMRAL R/W H'0000 HFFFFFF46 16
Break bus cycle register A BBRA R/W H'0000 HFFFFFF48 16, 32
Break address register BH BARBH R/W H'0000 HFFFFFF60 16 32
Break address register BL BARBL R/W H'0000 HFFFFFF62 16
Break address mask register BH BAMRBH R/W H'0000 HFFFFFF64 16 32
Break address mask register BL  BAMRBL R/W H'0000 HFFFFFF66 16
Break data register BH BDRBH R/W H'0000 HFFFFFF70 16 32
Break data register BL BDRBL R/W H'0000 HFFFFFF72 16
Break data mask register BH BDMRBH R/W H'0000 HFFFFFF74 16 32
Break data mask register BL BDMRBL R/W H'0000 HFFFFFF76 16
Break bus cycle register B BBRB R/W - H'0000 HFFFFFF68 16, 32
Break control register BRCR R/W H'0000 HFFFFFF78 16, 32

Notes: 1. Initialized by a power-on reset. Values held in standby mode. Value undefined after a

manual reset.

2. Byte access not permitted.

SH7000 Series UBC Compaitibility: When set in the SH7000-series-compatible mode, SH7000
series UBC registers on the SH7604 are as shown in table 6.2.

Table6.2 SH7000 Seriesand SH7604 UBCs
SH7000 Series SH7604
Name Abbr. Name Abbr.
Break address register H BARH Break address register AH BARAH
Break address register L BARL Break address register AL BARAL
Break address mask register H BAMRH Break address mask register AH BAMRAH
Break address mask register L BAMRL Break address mask register AL BAMRAL
Break bus cycle register BBR Break bus cycle register A www. DBRBRAeet4U.com
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6.2 Register Descriptions

6.2.1 Break Address Register A (BARA)

BARAH:
Bitt 15 14 13 12 11 10 9 8
Bit name:‘ BAA31‘ BAA30‘ BAAZQ‘ BAA28’ BAA?_?‘ BAAZG‘ BAAZS‘ BAA24‘
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:‘ BAA23‘ BAA22’ BAA21‘ BAAZO’ BAA19‘ BAA18‘ BAA17’ BAA16‘
Initial value: 0 0 0 0 0 0 0 0
RW: RW RW RW RW RW RW RW RW
BARAL:
Bitt 15 14 13 12 11 10 9 8
Bit name:‘ BAA15‘ BAA14’ BAA13‘ BAAlZ‘ BAAll‘ BA10 \ BAAO ] BAAS \
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:‘ BAA7 \ BAA6 ] BAAS \ BAA4 ’ BAA3 \ BAA2 \ BAA1L ] BAAO \
Initial value: 0 0 0 0 0 0 0 0

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

The two break address registers A—break addressregister AH (BARAH) and break address
register AL (BARAL)—together form a single group. Both are 16-bit read/write registers.

BARAH stores the upper bits (bits 31 to 16) of the address of the channel A break condition, while
BARAL stores the lower hits (bits 15 to 0). A power-on reset initializes both BARAH and
BARAL to H'0000. Their values are undefined after amanual reset.

* BARAH Bits 15 to 0—Break Address A 31to 16 (BAA31 to BAA16): These bits store the
upper bit values (bits 31 to 16) of the address of the channel A break condition.
www.DataSheet4U.com
» BARAL Bits15to 0—Break Address A 15to 0 (BAA15 to BAAOQ): These bits store the lower
bit values (bits 15 to 0) of the address of the channel A break condition.
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6.2.2 Break Address Mask Register A (BAMRA)

BAMRAH:
Bitt 15 14 13 12 11 10 9 8
Bit name: \ BAMA31\ BAMA30‘ BAMAZQ‘ BAMA28’ BAMA27‘ BAMA26\ BAMAZS‘ BAMA24‘
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: \ BAMA23\ BAMAZZ‘ BAMAZl‘ BAMA20’ BAMA19‘ BAMA18\ BAMAl?‘ BAMA16‘
Initial value: 0 0 0 0 0 0 0 0
RW: RW RW RW RW RW RW RW RW
BAMRAL:
Bitt 15 14 13 12 11 10 9 8
Bit name: ‘BAMAlS‘ BAMA14‘ BAMAlS‘ BAMAlZ‘ BAMAll‘ BAMAlO‘ BAMAQ‘ BAMAS ‘
Initial value: 0 0 0 0 0 0 0 0
RW: RW RW RW RW RW RW RW RW
Bitt 7 6 5 4 3 2 1 0
Bit name: \ BAMA7 ‘ BAMA6‘ BAMAGS \ BAMA4‘ BAMA3 \ BAMA2 ‘ BAMAl‘ BAMAO \
Initial value: 0 0 0 0 0 0 0 0

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

The two break address mask registers A (BAMRA)—break address mask register AH
(BAMRAH) and break address mask register AL (BAMRAL)—together form a single group.
Both are 16-bit read/write registers. BAMRAH determines which of the bitsin the break address
set in BARAH are masked. BAMRAL determines which of the bitsin the break address set in
BARAL are masked. A power-on reset initializes BAMRAH and BAMRAL to H'0000. Their
values are undefined after amanual reset.

< BAMRAH Bits 15 to 0—Break Address Mask A 31 to 16 (BAMA31 to BAMA16): These bits
specify whether bits 31-16 (BAA31 to BAA16) of the channel A break address set in BARAH
are masked.

* BAMRAL Bits 15 to 0—Break Address Mask A 15to 0 (BAMA15to BAI\/IAO l])'%esg%;w
specify whether bits 15-0 (BAA15 to BAAOQ) of the channel A break address set in BARA
are masked.
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Bits 31-0: BAMAnN Description

0 Channel A break address BAAn is included in the break conditions
(Initial value)
1 Channel A break address BAAnN is masked and therefore not included

in the break conditions

n=31to0

6.2.3 Break Bus Cycle Register A (BBRA)

Bitt 15 14 13 12 11 10 9 8
e I = N B = B N
Initial value: 0 0 0 0 0 0 0 0

R/W:

Bitt 7 6 5 4 3 2 1 0
Bit name:‘ CPA1 \ CPAO‘ IDAL \ IDAO ] RWAl‘ RWAO‘ SzA1 \ SZAO \
Initial value: 0 0 0 0 0 0 0 0

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

The break bus cycle register A (BBRA) isa16-bit read/write register that selects the following
four channel A break conditions:

CPU cycle/peripheral cycle
Instruction fetch/data access
Read/write

Operand size

A w0 DN PR

A power-on reset initializes BBRA to H'0000. Its value is undefined after a manual reset.
» Bits 15 to 8—Reserved: These bits always read 0. The write value should always be 0.

e Bits7 and 6—CPU Cycle/Peripheral Cycle Select A (CPA1, CPAOQ): These bits select whether
to break channel A on a CPU and/or peripheral bus cycle. Peripheral cycles are defined as on-
chip DMAC bus cycles, and external bus master bus cycles when the busis released. When the
peripheral cycle setting is made, on-chip DMAC cycles are aways included in the break
conditions; however, external bus master cycles can be included or excluded, according to the
setting of the EBBE bit in the BRCR register.

vww.DataSheet4U.com
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Bit 7: CPAl Bit 6: CPAO Description

0 0 No channel A user break interrupt occurs (Initial value)
1 Break only on CPU cycles

1 0 Break only on peripheral cycles
1 Break on both CPU and peripheral cycles

e Bits5 and 4—Instruction Fetch/Data Access Select A (IDA1, IDAQ): These bits select whether
to break channel A on instruction fetch and/or data access cycles.

Bit 5: IDA1 Bit 4: IDAO Description

0 0 No channel A user break interrupt occurs (Initial value)
1 Break only on instruction fetch cycles

1 0 Break only on data access cycles
1 Break on both instruction fetch and data access cycles

* Bits3 and 2—Read/Write Select A (RWA1, RWAOQ): These hits select whether to break
channel A on read and/or write cycles.

Bit 3: RWAL1l Bit 22 RWAO Description

0 0 No channel A user break interrupt occurs (Initial value)
1 Break only on read cycles

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

¢ Bits1and 0—Operand Size Select A (SZA1, SZAQ): These bits select bus cycle operand size
asachannel A break condition.

Bit 1: SzZA1 Bit 0: SZAO Description

0 0 Operand size is not a break condition (Initial value)
1 Break on byte access

1 0 Break on word access
1 Break on longword access

Note: When breaking on an instruction fetch, set the SZAO bit to 0. All instructions are considered
to be word-size accesses (instruction fetches are always longword). Operand size is word
for instructions or determined by the operand size specified for the CPU/DMAC data
access. It is not determined by the bus width of the space being accessed.
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6.2.4 Break Address Register B (BARB)

The channel B break address register has the same bit configuration as BARA.

6.2.5 Break AddressMask Register B (BAMRB)

The channel B break address mask register has the same bit configuration as BAMRA.

6.2.6 Break Data Register B (BDRB)

BDRBH:
Bitt 15 14 13 12 11 10 9 8
Bnname:‘BDB3l‘ BDB30’ BDBZQ‘ BDBZB’ 50527\ BDBZG‘ 50325] 30524\
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
Bnname:‘BDBZS‘ BDBZZ’ BDBZl‘ BDBZO’ BDBlQ‘ BDBlB‘ BDBl7’ BDBlG‘
Initial value: 0 0 0 0 0 0 0 0
RW: RW RW _RW RW RW RW RW RW
BDRBL:
Bitt 15 14 13 12 11 10 9 8
Bnname:‘BDBl5‘ BDBl4‘ BDBlS‘ BDBlZ’ BDBll‘ BDBlO‘ BDB9 \ BDB8
Initial value: 0 0 0 0 0 0 0 0
RW: RW RW RW RW RW RW RW RW
Bitt 7 6 5 4 3 2 1 0
Bnnama‘ BDB7‘ BDBG‘ BDBS‘ BDB4’ BDBS‘ BDBZ‘ BDBl‘ BDBO‘
Initial value: 0 0 0 0 0 0 0 0

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

The two break dataregisters B (BDRB)—break dataregister BH (BDRBH) and break data register

BL (BDRBL)—together form a single group. Both are 16-bit read/write registers. BDRBH

specifies the upper half (bits 31-16) of the data that is the break condition for channel B, while

BDRBL specifies the lower half (bits 15-0). A power-on reset initializes BDRBH YH B RBE L L-com
H'0000. Their values are undefined after a manual reset.
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+ BDRBH Bits 15 to 0—Break DataB 31 to 16 (BDB31 to BDB16): These hits store the upper
half (bits 31-16) of the data that is the break condition for break channel B.

 BDRBL Bits 15 to 0—Break DataB 15 to 0 (BDB15 to BDBO): These hits store the lower half
(bits 15-0) of the datathat isthe break condition for break channel B.

6.2.7 Break Data Mask Register B (BDMRB)

BDMRBH:

Bit:

Bit name

Initial value:
R/W:

Bit:

Bit name

Initial value:
R/W:

BDMRBL:

Bit:

Bit name

Initial value:
R/W:

Bit:

Bit name

Initial value:
R/W:

15 14 13 12 11 10 9 8
: \ BDM531\ BDMB30‘ BDMBZQ‘ BDMBZS’ BDMBZ?‘ BDMB%\ BDMBZS‘ BDMBZ4‘
0 0 0 0 0 0 0 0

R/W R/W R/W R/W R/W R/W R/W R/W

7 6 5 4 3 2 1 0
: \ BDMBZ:%\ BDMBZZ‘ BDMBZl‘ BDMBZO’ BDMBlQ‘ BDMBlS\ BDMBl?‘ BDMBl6‘
0 0 0 0 0 0 0 0

R/W R/W R/W R/W R/W R/W R/W R/W

15 14 13 12 11 10 9 8
: ‘BDMBlS‘ BDMBl4‘ BDMBlS‘ BDMBlZ‘ BDMBll‘BDMBlO‘ BDMBQ‘ BDMBS‘
0 0 0 0 0 0 0 0

R/W R/W R/W R/W R/W R/W R/W R/W

7 6 5 4 3 2 1 0
: \ BDMB?‘ BDMBG‘ BDMBS‘ BDMB4‘ BDMBB‘ BDMBZ‘ BDMBl‘ BDMBO‘
0 0 0 0 0 0 0 0

R/W R/W R/W R/W R/W R/W R/W R/W

The two break data mask registers B (BDMRB)—break data mask register BH (BDMRBH) and
break data mask register BL (BDMRBL)—together form a single group. Both are 16-bit

read/write register
are masked. BDM

s. BDMRBH determines which of the bits in the break address set in BDRBH
RBL determines which of the bitsin the break address set in BDRBL are

masked. A power-on reset initializes BDMRBH and BDMRBL to H'0000. Their values are
undefined after a manual reset.
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+ BDMRBH Bits 15 to 0—Break DataMask B 31 to 16 (BDMB31 to BDMB16): These bits
specify whether bits B 31-16 (BDB31 to BDB16) of the channel B break data set in BDRBH
are masked.

+ BDMRBL Bits 15 to 0—Break Data Mask B 15 to 0 (BDMB15 to BDMBO): These bits
specify whether bits B 15-0 (BDB15 to BDBO) of the channel B break data set in BDRBL are
masked.

Bits 31-0: BDMBn

Description

0 Channel B break address bit BDBn is included in the break condition
(Initial value)
1 Channel B break address bit BDBn is masked and therefore not
included in the break condition
n=31t00

Notes: 1. When the data bus value is included in the break conditions, specify the operand size.
2. For word data, set in bits 15-0 of BDRB and BDMRB. For byte data, set the same data

6.2.8

in bits 0—7 and bits 8-15 of BDRB and BDMRB.

3. External bus master bus cycles when the bus is released cannot be included in the data
bus conditions.

BusBreak Register B (BBRB)

The channel B bus break register has the same bit‘configuration as BBRA.

6.2.9
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Break Control Register (BRCR)

Bit:

Bit name

Initial value:
R/W:

Bit:

Bit name

Initial value:
R/W:

15 14 13 12 11 10 9 8
:| cMFcA| cmFPA| EBBE | UMD | — | PcBA | — | — |
0 0 0 0 0 0 0 0
RW RW RW  RW RIW R R
7 6 5 4 3 2 1 0
:‘CMFCB‘ CMFPB‘ — \ SEQ ’ DBEB \ PCBB \ — \ — \
0 0 0 0 0 0 0 0
RW  RW RIW R RIW R
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The BRCR register:

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

Selects SH7000 series compatible mode or SH7604 mode.

Selects whether to break before or after instruction execution during the instruction fetch cycle.
Enables or disables the external bus.

Selects whether to include the data bus in channel B comparison conditions.

o bk~ WD

It also has a condition-match flag that is set when conditions match. A power-on reset initializes
BRCR to H'0000. Its value is undefined after amanual reset.

e Bit 15—CPU Condition-Match Flag A (CMFCA): Set to 1 when CPU bus cycle conditions
included in the break conditions set for channel A are met. Not cleared to 0.

Bit 15: CMFCA Description

0 Channel A CPU cycle conditions do not match, no user break interrupt
generated (Initial value)

1 Channel A CPU cycle conditions have matched, user break interrupt
generated

e Bit 14—Peripheral Condition-Match Flag A (CMFPA): Set to 1 when peripheral bus cycle
conditions (on-chip DMAC, or external bus cycle when external bus breaks are enabled)
included in the break conditions set for channel A are met. Not cleared to O.

Bit 14: CMFPA Description

0 Channel A peripheral cycle conditions do not match, no user break
interrupt generated (Initial value)

1 Channel A peripheral cycle conditions have matched, user break

interrupt generated

e Bit 13—External Bus Break Enable (EBBE): Monitors the external bus master's address bus
when the busis released, and includes the external bus master's bus cycle in the bus cycle
select conditions (CPA 1, CPB1). Externa bus breaks are possible in the total master mode and
total slave mode. When the external bus break is enabled, set CPA1in BBRA or CPBlin
BBRB.

Bit 13: EBBE Description
0 Chip-external bus cycle not included in break conditions  (Initial value)
1 Chip-external bus cycle included in break conditions
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e Bit 12—UBC Mode (UMD): Selects SH7000 series-compatible mode or SH7604 mode.

Bit 12: UMD Description
0 Compatible mode for SH7000 Series UBCs (Initial value)
1 SH7604 mode

» Bit 11—Reserved: Thisbit always reads 0. The write value should always be 0.

» Bit 10—PC Break Select A (PCBA): Selects whether to place the channel A break in the
instruction fetch cycle before or after instruction execution.

Bit 10: PCBA Description

0 Places the channel A instruction fetch cycle break before instruction
execution (Initial value)

1 Places the channel A instruction fetch cycle break after instruction
execution

» Bits9 and 8—Reserved: These bits always read 0. The write value should always be 0.

» Bit 7—CPU Condition-Match Flag B (CMFCB): Set to 1 when CPU bus cycle conditions
included in the break conditions set for channel B are met. Not cleared to O (once set, it must
be cleared by awrite before it can be used again).

Bit 7: CMFCB Description

0 Channel B CPU cycle conditions do not match, no user break interrupt
generated (Initial value)

1 Channel B CPU cycle conditions have matched, user break interrupt
generated

» Bit 6—Periphera Condition-Match Flag B (CMFPB): Set to 1 when peripheral bus cycle
conditions (on-chip DMAC, or external bus cycle when externa bus monitoring is enabled)
included in the break conditions set for channel B are met. Not cleared to O (once set, it must
be cleared by awrite before it can be used again).

Bit 6: CMFPB Description

0 Channel B peripheral cycle conditions do not match, no user break
interrupt generated (Initial value)

1 Channel B peripheral cycle conditions have matched, user break

interrupt generated
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« Bit 5—Reserved: Thisbit always reads 0. The write value should always be 0.

¢ Bit 4—Sequence Condition Select (SEQ): Selects whether to handle the channel A and B
conditions independently or sequentially.

Bit 4: SEQ Description

0 Channel A and B conditions compared independently (Initial value)

1 Channel A and B conditions compared sequentially (channel A, then
channel B)

« Bit 3—Data Break Enable B (DBEB): Selects whether to include data bus conditions in the
channel B break conditions.

Bit 3: DBEB Description
0 Data bus conditions not included in the channel B conditions

(Initial value)
1 Data bus conditions included in the channel B conditions

e Bit 2—Instruction Break Select (PCBB): Selects whether to place the channel B instruction
fetch cycle break before or after instruction execution.

Bit 2: PCBB Description

0 Places the channel B instruction fetch cycle break before instruction
execution (Initial value)

1 Places the channel B instruction fetch cycle break after instruction
execution

¢ Bits 1 and 0—Reserved: These bits always read 0. The write value should always be O.
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6.3 Operation

6.3.1 Flow of the User Break Operation

The flow from setting of break conditionsto user break interrupt exception handling is described
below:

1

The break addresses are set in the break address registers (BARA, BARB), the masked
addresses are set in the break address mask registers (BAMRA, BAMRB), the break datais set
in the break dataregister (BDRB), and the masked datais set in the break data mask register
(BDMRB). The breaking bus conditions are set in the break bus cycle registers (BBRA,
BBRB). The three groups of the BBRA and BBRB registers—CPU cycle/peripheral cycle
select, instruction fetch/data access select, and read/write select— are each set. No user break
interrupt will be generated if even one of these groups is set with 00. The conditions are set in
the respective bits of the BRCR register.

. When the set conditions are satisfied, the UBC sends a user break interrupt request to the

interrupt controller. When conditions match, the CPU condition match flags (CMFCA,
CMFCB) and peripheral condition match flags (CMFPA, CMFPB) for the respective channels
are set.

. Theinterrupt controller checks the user break interrupt’s priority level. The user break

interrupt has priority level 15, so it is accepted only if the interrupt mask level in bits 130 in
the status register (SR) is 14 or lower. When the 13- 0 bit level is 15, the user break interrupt
cannot be accepted but it is held pending until user break interrupt exception handling can be
carried out. Section 5, Interrupt Controller, describes the handling of priority levelsin greater
detail.

When the priority isfound to permit acceptance of the user break interrupt, the CPU starts user
break interrupt exception handling.

. The appropriate condition match flag (CMFCA, CMFPA, CMFCB, CMFPB) can be used to

check if the set conditions match or not. The flags are set by the matching of the conditions,
but they are not reset. 0 must first be written to them before they can be used again.

6.3.2 Break on Instruction Fetch Cycle

. When CPUl/instruction fetch/read/word is set in the break bus cycle registers (BBRA/BBRB),

the break condition becomes the CPU’ s instruction fetch cycle. Whether it breaks before or
after the execution of the instruction can then be selected for the appropriate channel with the
PCBA/PCBB hit in the break control register (BRCR).

. Theinstruction fetch cycle aways fetches 32 bits (two instructions). Only one bus cycle

occurs, but breaks can be placed on each instruction individually by setting the respective
addressesin the break address registers (BARA, BARB).
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. Aninstruction set for a break before execution breaks when it is confirmed that the instruction
has been fetched and will be executed. This means this feature cannot be used on instructions
fetched by overrun (instructions fetched at a branch or during an interrupt transition, but not to
be executed). When thiskind of break is set for the delay slot of a delayed branch instruction
or an instruction following an interrupt-disabled instruction, such as LDC, the interrupt is
generated prior to execution of the first instruction at which the interrupt is subsequently then
accepted.

. When the condition stipulates after execution, the instruction set with the break condition is
executed and then the interrupt is generated prior to the execution of the next instruction. As
with pre-execution breaks, this cannot be used with overrun fetch instructions. When this kind
of break is set for a delayed branch instruction or an interrupt-disabled instruction, such as
LDC, the interrupt is generated at the first instruction at which the interrupt is subsequently
accepted.

. When an instruction fetch cycle is set for channel B, break dataregister B (BDRB) isignored.
Thereis thus no need to set break data for an instruction fetch cycle break.

6.3.3 Break on Data Access Cycle

. The memory cyclesin which CPU data access breaks occur are; memory cycles from
instructions, and stacking and vector reads during exception handling. These breaks cannot be
used in dummy cycles for single reads of synchronous DRAM.

. The relationship between the data access cycle address and the comparison condition for
operand size are shown in table 6.3. This means that when address H'00001003 is set without
specifying the size condition, for example, the bus cycle in which the break condition is
satisfied is as follows (where other conditions are met):

Longword access at address H'00001000

Word access at address H'00001002

Byte access at address H'00001003

Table6.3 Data Access Cycle Addresses and Operand Size Comparison Conditions

Access Size Address Compared

Longword Break address register bits 31-2 compared with address bus bits 31-2
Word Break address register bits 31-1 compared with address bus bits 31-1
Byte Break address register bits 31-0 compared with address bus bits 31-0

3. When the data value isincluded in the break conditions on channel B:

When the data value is included in the break conditions, specify either longword, word, or byte
as the operand sizein the break bus cycle registers (BBRA, BBRB). When dgiayvaluesare
included in break conditions, a break interrupt is generated when the address conditions and
data conditions both match. To specify byte data for this case, set the same datain the two
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bytes at bits 15-8 and bits 7-0 of the break dataregister B (BDRB) and break data mask
register B (BDMRB). When word or byte is set, bits 31-16 of BDRB and BDMRB are
ignored.

6.34 Break on External Bus Cycle

. Enable the external bus break enable bit (the EBBE bit in BRCR) to generate a break for abus
cycle generated by the external bus master when the bus is rel eased. External bus cycle breaks
can be used in total master mode or total slave mode.

. Address and read/write can be set for external buses, but size cannot be specified. Setting sizes
of byte/word/longword will be ignored. Also, no distinction can be made between instruction
fetch and data access for external bus cycles. All cycles are considered data access cycles, so
set 1LinbitsIDA1 and IDB1in BBRA and BBRB.

. External input of addresses uses A26-A0, so set bits 31-27 of the break address registers
(BARA, BARB) to 0O, or set bits 31-27 of the break address mask registers (BAMRA,
BAMRB) to 1 to mask the addresses not input.

. When the conditions set for the external bus cycle are satisfied, the CMFPA and CMFPB bits
are set for the respective channels.

6.3.5 Program Counter (PC) Values Saved

. Break on Instruction Fetch (Before Execution): The program counter (PC) value saved to the
stack in user break interrupt exception handling is the address that matches the break condition.
The user break interrupt is generated before the fetched instruction is executed. If a break
condition is set on an instruction that follows an interrupt-disabled instruction, however, the
break occurs before execution of the instruction at which the next interrupt is accepted, so the
PC value saved is the address of the break.

. Break on Instruction Fetch (After Execution): The program counter (PC) value saved to the
stack in user break interrupt exception handling is the address executed after the one that
matches the break condition. The fetched instruction is executed and the user break interrupt
generated before the next instruction is executed. If abreak condition is set on an interrupt-
disabled instruction, the break occurs before execution of the instruction at which the next
interrupt is accepted, so the PC value saved is the address of the break.

. Break on Data Access (CPU/Peripheral): The program counter (PC) value is the start address
of the next instruction after the last instruction executed before the user break exception
handling started. When data access (CPU/peripheral) is set as a break condition, the place
where the break will occur cannot be specified exactly. The break will occur at an instruction
fetched close to where the data access that is to receive the break occurs.
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6.3.6 Example of Use
Break on a CPU Instruction Fetch Bus Cycle:

A. Register settings:. 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'1400

Conditions set (channel A/channel B independent mode):
Channel A: Address = H'00000404, address mask H'00000000
Bus cycle = CPU, instruction fetch (after execution), read
(operand size not included in conditions)
Channel B: Address = H'00008010, address mask H'00000006
Data H'00000000, data mask H'00000000
Bus cycle = CPU, instruction fetch (before execution), read
(operand size not included in conditions)

A user break will occur after the instruction at address H'00000404 is executed, or a user break
will be generated before the execution of the instruction at address H'00008010-H'00008016.

B. Register settings: 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'1010

Conditions set (channel A - channel B sequential mode):

Channd A: Address = H'00037226, address mask H'00000000
Bus cycle = CPU, instruction fetch (before execution), read, word
Channel B: Address = H'0003722E, address mask H'00000000

Data H'00000000, data mask H'00000000
Bus cycle = CPU, instruction fetch (before execution), read, word

Theinstruction at address H'00037226 will be executed and then a user break interrupt will occur
before the instruction at address H'0003722E is executed.
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C. Register settings:  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'1000

Conditions set (channel A/channel B independent mode):

Channel A: Address = H'00027128, address mask H'00000000
Bus cycle = CPU, instruction fetch (before execution), write , word
Channel B: Address = H'00031415, address mask H'00000000

Data H'00000000, data mask H'00000000

Bus cycle = CPU, instruction fetch (before execution), read
(operand size not included in conditions)

A user break interrupt is not generated for channel A since the instruction fetch is not a write
cycle. A user break interrupt is not generated for channel B because the instruction fetch is for an
odd address.

D. Register settings: BARA = H'00037226, BAMRA = H'00000000, BBRA = H'005A
BARB = H'0003722E, BAMRB = H'00000000, BBRB = H'0056
BDRB = H'00000000, BDMRB = H'00000000
BRCR =H'1010

Conditions set (channel A - channel B sequential mode):

Channel A: Address = H'00037226, address mask H'00000000

Bus cycle = CPU, instruction fetch (before execution), write, word
Channel B: Address = H'0003722E, address mask H'00000000

Data H'00000000

Data mask H'00000000
Bus cycle = CPU, instruction fetch (before execution), read, word

The break for channel A isawrite cycle, so conditions are not satisfied; since the sequence
conditions are not met, no user break interrupt occurs.
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Break on CPU Data Access Cycle:

Register settings:  BARA = H'00123456, BAMRA = H'00000000, BBRA = H'0064
BARB = H'000ABCDE, BAMRB = H'000000FF, BBRB = H'006A
BDRB = H'0000A512, BDMRB = H'00000000
BRCR = H'1008

Conditions set (channel A/channel B independent mode):
Channdl A: Address = H'00123456, address mask H'00000000
Bus cycle = CPU, data access, read
(operand size not included in conditions)
Channel B: Address = H'000ABCDE, address mask H'000000FF
Data H'0000A512, data mask H'00000000
Bus cycle = CPU, data access, write, word

For channel A, auser break interrupt occurs when it isread as longword at address H'00123454, as
word at address H'00123456 or as byte at address H'00123456. For channel B, a user break
interrupt occurs when H'A512 is written as word at H'000ABCO0-H'000ABCFE.

Break on DMAC Data Access Cycle:

Register settings:  BARA = H'00314156, BAMRA = H'00000000, BBRA = H'0094
BARB = H'00055555, BAMRB = H'00000000, BBRB = H'00A9
BDRB = H'00007878, BDMRB = H'00000FOF
BRCR = H'1008

Conditions set (channel A/channel B independent mode):
Channel A: Address = H'00314156, address mask H'00000000
Bus cycle = DMA, instruction fetch, read
(operand size not included in conditions)
Channel B: Address = H'00055555, address mask H'00000000
Data H'00007878, data mask H'00000FOF
Bus cycle = peripheral, data access, write, byte

For channel A, a user break interrupt does not occur, since no instruction fetch occurs in the
DMAC cycle. For channel B, auser break interrupt occurs when the DMAC writes H'7* (where *
means don’t care) as byte at H'00055555.
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6.3.7 Usage Notes

1. UBC registers can only beread or written to by the CPU.

2. When set for a sequential break, conditions match when amatch of channel B conditions
occurs some time after the bus cycle in which a channel A match occurs. This means that the
conditions will not be satisfied when set for abus cyclein which channel A and channel B
occur simultaneously. Since the CPU uses a pipeline structure, the order of the instruction
fetch cycle and memory cycleisfixed, so sequential conditions will be satisfied when the
respective channel conditions are met in the order the bus cycles occur.

3. When set for sequential conditions (the SEQ bit in BRCR is 1) and the instruction fetch cycle
of the channel A CPU is set as a condition, set channel A for before instruction execution
(PCBA hitin BRCR is0).

4. When register settings are changed, the write values usually become valid after three cycles.
For on-chip memory, instruction fetches get two instructions simultaneously. If a break
condition is set on the fetch of the second of these two instructions but the contents of the UBC
registers are changed so asto alter the break condition immediately after the first of the two
instructions is fetched, a user break interrupt will still occur before the second instruction. To
ensure the timing of the change in the setting, read the register written last asadummy. The
changed settings will be valid thereafter.

5. When a user break interrupt is generated upon a match of the instruction fetch condition and
the conditions match again in the UBC while the exception handling service routineis
executing, the break will cause exception handling when the I3-10 bitsin SR are set to 14 or
lower. When masking addresses, when setting instruction fetch and after-execution as break
conditions, and when executing in steps, the UBC' s exception service routine should not cause
amatch of addresses with the UBC.

6. When the emulator is used, the UBC is used on the emulator system side to implement the
emulator's break function. This means none of the UBC functions can be used when the
emulator is being used.
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6.3.8 SH7000 Series Compatible Mode

1. In SH7000 Series compatible mode:
In SH7000 Series compatible mode, functions are as follows:
¢ Theregisters shown in the table 6.2 are valid; all others are not.

e External bus breaks are not possible in SH7000 Series compatible mode. The instruction fetch
cycle occurs prior to instruction execution. The flags are not set when break conditions match.

2. Differences between SH7000 Series compatible mode and SH7604 mode:
When set for the CPU instruction fetch cycle in the SH7000 Series compatible mode, the break
occurs before the instruction that matches the conditions. The break conditions differ as shown
below from setting for before-execution in SH7604 mode. For data access cycles, the address
is always compared to 32 bitsin the SH7000 Series compatible mode, but in SH7604 modeis
compared as shown in table 6.3. This produces the differences in break conditions shownin
table 6.4.

Table6.4 Differencesin Break Conditions

SH7000 Series

Match Determination Compatible Mode SH7604 Mode
Conditions match when set for instruction Breaks if instruction is ~ Does not break if
fetch cycle/before-execution overrun-fetched and instruction is overrun
not executed (as during fetched and not executed
branching) (as during branching)
Conditions match in longword access when Does not break Breaks

set for addresses other than longword
boundaries (4n address)

Conditions match in word access when set  Does not break Breaks
for addresses other than word boundaries
(2n addresses)
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Section 7 Bus State Controller (BSC)

71 Overview

The bus state controller (BSC) manages the address spaces and outputs control signals so that
optimum memory accesses can be made in the four spaces. This enables memories like DRAM
synchronous DRAM and pseudo-SRAM, and peripheral chips, to be linked directly.

711 Features
The BSC has the following features:

e Address space is divided into four spaces
O A maximum linear 32 Mbytes for each of the address spaces CS0-CS3

O Thetype of memory connected can be specified for each space (DRAM, synchronous
DRAM, pseudo-SRAM, burst ROM, etc.).

0 Buswidth can be selected for each space (8, 16, or 32 hits).
0 Wait state insertion can be controlled for each space.
O Outputs control signals for each space.
e Cache
0 Cache areas and cache-through areas can be'sel ected by access address.

0 When acache access misses, 16 bytes are read consecutively in 4-byte units (because of
cache fill); writes use the write-through system.

0 Cache-through accesses are accessed according to access size.
«' Refresh
O Supports CAS-before-RAS refresh (auto-refresh) and self-refresh.
O Refreshinterval can be set using the refresh counter and clock selection.
« Direct interface to DRAM
O Multiplexes row/column address output.
O Burst transfer during reads, high-speed page mode for consecutive accesses.
0 GeneratesaTp cycleto ensure RAS precharge time.
e Direct interface to synchronous DRAM
O Multiplexes row/column address output.
O Burst read, single write
0 Bank active mode

RENESAS
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e Master and slave modes (bus arbitration)

0 Tota master and partial-share master modes. In total master mode, al resources are shared
with other CPUs. Bus permission is shared when an external bus release request is

received. In partial-share master mode, only the CS2 space is shared with other CPUs; all
other spaces can be accessed at any time.

O Inslave mode, the external busis accessed when a bus use request is output and bus use
permission is received.

» Refresh counter can be used as an interval timer
O Interrupt request generated upon compare match (CMI interrupt request signal).

7.1.2 Block Diagram

Figure 7.1 shows the BSC block diagram.
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7.13 Pin Configuration
Table 7.1 lists the bus state controller pin configuration.

Table7.1 Pin Configuration

With Bus

Signal /O Released Description

A26-A0 1/O | Address bus. 27 bits are available to specify a total 128 Mbytes of
memory space. The most significant 2 bits are used to specify the
CS space, so the size of the spaces is 32 Mbytes. When the bus is
released, these become inputs for the external bus cycle address
monitor.

D31-D0O /O Hi-z 32-bit data bus. When reading or writing a 16-bit width area, use
D15-DO0; when reading or writing a 8-bit width area, use D7-DO0.
With 8-bit accesses that read or write a 32-bit width area, input and
output the data via the byte position determined by the lower
address bits of the 32-bit bus.

BS /10 1 Indicates start of bus cycle or monitor. With the basic interface
(device interfaces except for DRAM, synchronous DRAM, pseudo-
SRAM), signal is asserted for a single clock cycle simultaneous
with address output. The start of the bus cycle can be determined
by this signal. This signal is asserted for 1 cycle synchronous with
column address output in DRAM, synchronous DRAM and pseudo-
SRAM accesses: When the bus is released, BS becomes an input
for address monitoring of external bus cycles.

CSo- O Hi-Z Chip select. Signals that select area; specified by A26 and A25.

CS3

R_D/W, /0 | Read/write signal. Signal that indicates access cycle direction

WE (read/write). Connected to WE pin when DRAM/synchronous
DRAM is connected. When the bus is released, becomes an input
for address monitoring of external bus cycles.

RAS,CE O HiZ RAS pin for DRAM/synchronous DRAM. CE pin for pseudo-SRAM.

CAS,0OE O Hi-z Open when using DRAM. CAS pin for synchronous DRAM. OE pin
for pseudo-SRAM.

CASHH, O Hi-Z When DRAM is used, connected to CAS pin for the most

DQMUU, significant byte (D31-D24). When synchronous DRAM is used,

WE3 connected to DQM pin for the most significant byte. When pseudo-
SRAM is used, connected to WE pin for the most significant byte.
For basic interface, indicates writing to the most significant byte.

CASHL, O Hi-Z When DRAM is used, connected to CAS pin for the second byte

DQMUL, (D23-D16). When synchronous DRAM is used, connected to DQM

WE2 pin for the second byte. When pseudo-SRAM is used, connected
to WE pin for the second byte. For basic interface Vitigic&retawtitagd L. com
to the second byte.
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Table7.1

Pin Configuration (cont)

With Bus

Signal /O Released Description

CASLH, O Hi-Z When DRAM is used, connected to CAS pin for the third byte

DQMLU, (D15-D8). When synchronous DRAM is used, connected to DQM

WEH1 pin for the third byte. When pseudo-SRAM is used, connected to
WE pin for the third byte. For basic interface, indicates writing to
the third byte.

CASLL, (e} Hi-Z When DRAM is used, connected to CAS pin for the least significant

DQMLL, byte (D7-D0). When synchronous DRAM is used, connected to

WEO DQM pin for the least significant byte. When pseudo-SRAM is
used, connected to WE pin for the least significant byte. For basic
interface, indicates writing to the least significant byte.

RD (0] Hi-Z Read pulse signal (read data output enable signal). Normally,
connected to the device’s /OE pin; when there is an external data
buffer, the read cycle data can only be output when this signal is
low.

WAIT | Ignore Hardware wait input.

BACK, I I Bus use enable input in partial-share master or slave mode: BACK.

BRLS Bus release request input in total master: BRLS.

BREQ, (0] (0] Bus request output in partial-share master or slave mode: BREQ.

BGR Bus grant output in total master: BGR.

CKE (0] (0] Synchronous DRAM clock 'enable control. Signal for supporting
synchronous DRAM self-refresh.

IVECF (@) Hi-Z Interrupt vector fetch.

DREQO | | DMA request 0.

DACKO (0] (0] DMA acknowledge 0.

DREQ1 | | DMA request 1.

DACK1 (0] (0] DMA acknowledge 1.

Note: Hi-Z: High impedance
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714 Register Configuration

The BSC has seven registers. These registers are used to control wait states, bus width, interfaces
with memories like DRAM, synchronous DRAM, pseudo-SRAM, and burst ROM, and DRAM,
synchronous DRAM, and pseudo-SRAM refreshing. The register configurations are shown in
table 7.2.

The size of the registers themselvesis 16 bits. If read as 32 bits, the upper 16 bitsare 0. In order to
prevent writing mistakes, 32-bit writes are accepted only when the value of the upper 16 bits of the
write data is H'A55A; no other writes are performed. Initialize the reserved bits.

Initialization Procedure: Do not access a space other than CS0 until the settings for the interface
to memory are completed.

Table7.2 Register Configuration

Name Abbr. R/W Initial Value Address*!  Access Size
Bus control register 1 BCR1 R/W H'03F0 H'FFFFFFEQ 162, 32
Bus control register 2 BCR2 R/W H'O0FC H'FFFFFFE4 1672, 32
Wait control register WCR R/W H'AAFF H'FFFFFFE8 1672, 32
Individual memory control register ~MCR R/W H'0000 H'FFFFFFEC 162, 32
Refresh timer control/status register RTCSR R/W H'0000 H'FFFFFFFO 1672, 32
Refresh timer counter RTCNT =~ R/W ~H'0000 H'FFFFFFF4 1672, 32
Refresh time constant register RTCOR R/W H'0000 H'FFFFFFF8 162, 32

Notes: 1. This address is for 32-bit accesses; for 16-bit accesses add 2.
2. 16-bit access is for read only.

7.15 AddressMap

The SH7604 address map, which has a memory space of 256 Mbytes, is divided into four spaces.
The types and data width of devices that can be connected are specified for each space. The
overall space address map is shown in table 7.3. Since the spaces of the cache area and the cache-
through area are the same, the maximum memory space that can be connected is 128 Mbytes. This
means that when address H'20000000 is accessed in a program, the data accessed is actually in
H'00000000.

There are several spaces for cache control. These include the associative purge space for cache
purges, address array read/write space for reading and writing addresses (address tags), and data
array read/write space for forced reads and writes of data arrays.
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Table7.3 AddressMap

Address Space Memory Size

H'00000000 to H'01FFFFFF CSO space, cache Ordinary space or burst ROM 32 Mbytes
area

H'02000000 to H'03FFFFFF CS1 space, cache Ordinary space 32 Mbytes

area

H'04000000 to H'0OSFFFFFF

CS2 space, cache
area

Ordinary space or synchronous 32 Mbytes
DRAM

H'06000000 to H'07FFFFFF

CS3 space, cache
area

Ordinary space, synchronous
DRAM, DRAM or pseudo-DRAM

32 Mbytes

H'08000000 to H'1FFFFFFF

Reserved

H'20000000 to H'21FFFFFF

CSO space, cache-
through area

Ordinary space or burst ROM (32 Mbytes)

H'22000000 to H'23FFFFFF

CS1 space, cache-
through area

Ordinary space (32 Mbytes)

H'24000000 to H'25FFFFFF

CS2 space, cache-
through area

Ordinary space or synchronous (32 Mbytes)
DRAM

H'26000000 to H'27FFFFFF

CS3 space, cache-
through area

Ordinary space, synchronous
DRAM, DRAM or pseudo-DRAM

(32 Mbytes)

H'28000000 to H'3FFFFFFF

Reserved

H'40000000 to H'47FFFFFF

Associative purge
space

128 Mbytes

H'48000000 to H'SFFFFFFF

Reserved

H'60000000 to H'7FFFFFFF

Address array,
read/write space

512 Mbytes

H'80000000 to H'BFFFFFFF

Reserved

H'C0000000 to H'CO000FFF

Data array, read/write
space

4 kbytes

H'C0001000 to H'DFFFFFFF

Reserved

H'E0001000 to H'FFFF7FFF

Reserved

H'FFFF8000 to H'FFFFBFFF

For setting
synchronous DRAM
mode

16 kbytes

H'FFFFCO000 to H'FFFFFDFF Reserved

15.5 kbytes

H'FFFFFEOQO to H'FFFFFFFF On-chip peripheral

modules

512 bytes

Note:

Do not access reserved spaces, as this will cause operating errors.

vww.DataSheet4U.com
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1.2 Description of Registers

721 Bus Control Register 1 (BCR1)

Bitt 15 14 13 12 11 10 9 8
Bitname: MASTER — | — |ENDIAN BSTROM PSHR | AHLW1 | AHLWO |
Initial value: — 0 0 0 0 0 1 1
RW: R R R RW RW RW RW RW
Bitt 7 6 5 4 3 2 1 0
Bit name: | ALLW1 | AILWO | AOLW1 | AOLWO| — | DRAM2 | DRAMI| DRAMO |
Initial value: 1 1 1 1 0 0 0 0
RW: RW RW RW  RW R RW  RW  RW

Initialize ENDIAN, BSTROM, PSHR and DRAM2-DRAMO bits after a power-on reset and do
not write to them thereafter. To change other bits by writing to them, write the same value as they
areinitialized to. Do not access any space other than CS0 until the register initialization ends.

o Bit 15—BusArbitration (MASTER): The MASTER bit is used to check the settings of the bus
arbitration function set by the mode settings with the external input pin. It isaread-only bit.

Bit 15 (MASTER) Description
0 Master mode
1 Slave mode

e Bits 14, 13, and 3—Reserved bits: These bits always read 0. The write value should always be
0.

» Bit 12—Endian Specification for Area2 (ENDIAN): In big-endian format, the MSB of byte
dataisthe lowest byte address and byte data goesin order toward the LSB. For little-endian
format, the LSB of byte datais the lowest byte address and byte data goes in order toward the
MSB. When this bit is 1, the datais rearranged into little-endian format before transfer when
the CS2 spaceis read or written to. It is used when handling data with little-endian processors
or running programs written with little-endian format in mind.

Bit 12: ENDIAN Description

0 Big-endian, as in other areas (Initial value)
1 Little-endian
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Bit 11—Area 0 Burst ROM Enable (BSTROM)

Bit 11: BSTROM Description
0 Area 0 is accessed normally (Initial value)
1 Area 0 is accessed as burst ROM

Bit 10—Partial Space Share Specification (PSHR): When bus arbitration isin master mode and
the PSHR hitis 1, only area 2 is handled as a shared space. When areas other than area 2 are
accessed, bus ownership is not requested. When this bit is 1, address monitor specification is
disabled. This mode is called partial-share master mode. The initial valueisO.

Bits 9 and 8—L ong Wait Specification for Areas 2 and 3 (AHLW1, AHLWO): When the basic
memory interface setting is made for area 2 and area 3, the wait specification of thisfield is
effective when the bits that specify the respective area waits in the wait control register
(W21/W20 or W31/W30) specify long waits (i.e., 11).

Bit 9: AHLW1 Bit 8: AHLWO Description

0 0 3 waits
1 4 waits
1 0 5 waits
1 6 waits (Initial value)

Bits 7 and 6—Long Wait Specification for Areal (A1LW1, A1LWO0): When the basic
memory interface setting is made for area 1, the wait specification of thisfield is effective
when the bits that specify the wait in the wait control register specify long wait (i.e., 11).

Bit 7: A1LW1 Bit 6: A1LWO Description

0 0 3 waits
1 4 waits
1 0 5 waits
1 6 waits (Initial value)

Bits 5 and 4—L ong Wait Specification for Area0 (AOLW1, AOLWO): When the basic
memory interface setting is made for area 0, the wait specification of thisfield is effective
when the bits that specify the wait in the wait control register specify long wait (i.e., 11).

137
RENESAS



Bit 5: AOLW1 Bit 4: AOLWO Description

0 0 3 waits (Initial value)
1 4 waits

1 0 5 waits
1 6 waits

e Bits2to 0—Enable for DRAM and Other Memory (DRAM2-DRAMO)

DRAM2 DRAM1 DRAMO Description

0 0 0 Areas 2 and 3 are ordinary spaces (Initial value)
1 Area 2 is ordinary space; area 3 is synchronous DRAM space
1 0 Area 2 is ordinary space; area 3 is DRAM space
1 Area 2 is ordinary space; area 3 is pseudo-SRAM space
1 0 0 Area 2 is synchronous DRAM space, area 3 is ordinary space
1 Areas 2 and 3 are synchronous DRAM spaces
1 0 Reserved (do not set)
1 Reserved (do not set)

722 Bus Control Register 2 (BCR2)

Bitt 15 14 13 12 11 10 9 8
Bitname:| — | — | — | — | — | — | — | —
Initial value: 0 0 0 0 0 0 0 0
R/W:
Bitt 7 6 5 4 3 2 1 0
Bit name:‘ A3SZ1 \ A3SZO‘ A2571 \ AZSZO’ A1SZ1 \ A1SZ0 \ — \ — \
Initial value: 1 1 1 1 1 1 0 0

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

Initialize BCR2 after a power-on reset and do not write to it thereafter. When writing to it, write
the same values as those the bits are initialized to. Do not access any space other than CSO until
the register initialization ends.

vww.DataSheet4U.com
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« Bits 15 to 8—Reserved: These bits always read 0. The write value should always be 0.

e Bits 7 and 6—Bus Size Specification for Area 3 (A3S21-A3SZ0). Effective only when

ordinary spaceis set.

Bit 7: A3SZ1 Bit 6: A3SZ0 Description
0 0 Reserved (do not set)
1 Byte (8-bit) size
1 0 Word (16-bit) size
1 Longword (32-bit) size (Initial value)

e Bits5 and 4—Bus Size Specification for Area 2 (A2S21-A2SZ0): Effective only when

ordinary spaceis set.

Bit 5: A2SZ1 Bit 4: A2SZ0 Description
0 0 Reserved (do not set)
1 Byte (8-bit) size
1 0 Word (16-bit) size
1 Longword (32-bit) size (Initial value)
e Bits 3 and 2—Bus Size Specificationfor-Areail (A1SZ1-A1SZ0)
Bit 3: A1SZ1 Bit 2: A1SZ0 Description
0 0 Reserved (do not set)
1 Byte (8-bit) size
1 0 Word (16-bit) size
1 Longword (32-bit) size (Initial value)

¢ Bits 1 and 0—Reserved: These bits always read 0. The write value should always be O.

Note: Thebussize of area 0 is specified by the mode input pins.
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7.2.3

Wait Control Register (WCR)

Bit:
Bit name:

Initial value:
R/W:

Bit:
Bit name:

Initial value:
R/W:

15 14 13 12 11 10 9 8
W31 | w30 | w21 | w20 | Wil | W10 | WOl | IW00 |
1 0 1 0 1 0 1 0
RW RW RW RW RW RW RW RW
7 6 5 4 3 2 1 0
| wal | wao | w21 | w0 | wil | wio | woi | woo |
1 1 1 1 1 1 1 1
RW RW RW RW RW RW RW RW

Do not access a space other than CS0 until the settings for register initialization are completed.

e Bits 15 to 8—Idles between Cyclesfor Areas 3 to 0 (IW31-1WO00): These bits specify idle
cyclesinserted between consecutive accesses to different areas. Idles are used to prevent data
conflict between ROM or the like, which is slow to turn the read buffer off, and fast memories
and 1/O interfaces. Even when access is to the same area, idle cycles must be inserted when a
read access is followed immediately by awrite access. Theidle cyclesto be inserted comply
with the specification for the previously accessed area.

IW31, IW21, IW11, Iw01

IW30, IW20; W10, W00 Description

0 0 No idle cycle
1 One idle cycle inserted

1 0 Two idle cycles inserted  (Initial value)
1 Reserved (do not set)

» Bits7to 0—Wait Control for Areas 3 to 0 (W31-WO00)

During the basic cycle:

W31, W21, wil, wo1l

W30, W20, W10, W00

Description

0 0 External wait input disabled without wait
0 1 External wait input enabled with one wait
1 0 External wait input enabled with two waits
1 1 Complies with the long wait specification of
bus control register 1 (BCR1). External wait
input is enabled ;*;&"evw,(lﬁi}!iﬂélgleue )eiij.ti}m
140

RENESAS



When area 3 is DRAM, the number of CAS assert cyclesis specified by wait control bits W31
and W30:

Bit 7: W31 Bit 6: W30 Description
0 0 1 cycle
1 2 cycles
1 0 3 cycles
1 Reserved (do not set)

When the setting is for 2 or more cycles, external wait input is enabled.

When area 2 or 3 is synchronous DRAM, CAS latency is specified by wait control bits W31
and W30, and W21 and W20, respectively:

W31, w21 W30, W20 Description
0 0 1 cycle

1 2 cycles
1 0 3 cycles

1 4 cycles

With synchronous DRAM, external waitinputisignored regardless of any setting.

When area 3 is pseudo-SRAM, the number of cycles from BS signal assertion to the end of the
cycleis specified by wait control bits W31 and W30:

Bit 7: W31 Bit 6: W30 Description
0 0 2 cycles
1 3 cycles
1 0 4 cycles
1 Reserved (do not set)

When the setting is for 3 or more cycles, externa wait input is enabled.
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724 Individual Memory Control Register (MCR)

Bitt 15 14 13 12 11 10 9 8
Bit name: | TRP ‘ RCD ‘ TRWL ‘ TRASl’ TRASO‘ BE ‘ RASD ‘ — ‘
Initial value: 0 0 0 0 0 0 0 0

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

Bitt 7 6 5 4 3 2 1 0
Bit name:‘ AMX2 \ sz ] AMX1 \ AMXO ’ RFSH \ RMD \ — ] — ‘
Initial value: 0 0 0 0 0 0 0 0

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

The TRP, RCD, TRWL, TRAS1-TRASO, BE, RASD, AMX2-AMXO0 and SZ bits areinitialized
after a power-on reset. Do not write to them thereafter. When writing to them, write the same
values asthey areinitialized to. Do not access any space other than CS2 and CS3 until the register
initialization ends.

» Bit 15—RAS Precharge Time (TRP): When DRAM is connected, specifies the minimum
number of cycles after RAS is negated before the next assert. When pseudo-SRAM is
connected, specifies the minimum number of cycles after CE is negated before the next assert.
When synchronous DRAM is connected, specifies the minimum number of cycles after
precharge until abank active command is output. See section 7.5, Synchronous DRAM
Interface, for details.

Bit 15: TRP Description
0 1 cycle (Initial value)
1 2 cycles

* Bit 14—RAS-CASDelay (RCD): When DRAM is connected, specifies the number of cycles
after RAS is asserted before CAS is asserted. When pseudo-SRAM is connected, specifies the
number of cycles after CE is asserted before BS is asserted. When synchronous DRAM is
connected, specifies the number of cycles after abank active (ACTV) command is issued until
aread or write command (READ, READA, WRIT, WRITA) isissued.

Bit 14: RCD Description

0 1 cycle (Initial value)
1 2 cycles
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Bit 13—Write-Precharge Delay (TRWL): When the synchronous DRAM is not in the bank
active mode, this bit specifies the number of cycles between the write cycle and the start-up of
the auto-precharge. The timing from this point to the point at which the next command can be
issued is calculated within the bus state controller. In bank active mode, this bit specifies the
period for which the precharge command is disabled after the write command (WRIT) is
issued. This bit isignored when memory other than synchronous DRAM is connected.

Bit 13: TRWL Description
0 1 cycle (Initial value)
1 2 cycles

Bits 12 and 11—CAS-Before-RAS Refresh RAS Assert Time (TRAS1I-TRAS0): The RAS
assertion width for DRAM is TRAS; the OE width for pseudo-SRAM is TRAS + 1 cycle.
After an auto-refresh command is issued, the synchronous DRAM does not issue a bank active
command for TRAS + 2 cycles, regardless of the TRP bit setting. For synchronous DRAMS,
there is no RAS assertion period, but there is alimit for the time from the issue of arefresh
command until the next access. Thisvalueis set to observe this limit. Commands are not
issued for TRAS + 1 cycle when self-refresh is cleared.

Bit 12: TRAS1 Bit1ll: TRASO Description

0 0 2 cycles (Initial value)
1 3 cycles

1 0 4 cycles
1 Reserved (do not set)

e Bit 10—Burst Enable (BE)

Bit 10: BE Description

0 Burst disabled (Initial value)

1 High-speed page mode during DRAM interfacing is enabled. Data is

continuously transferred in static column mode during pseudo-SRAM
interfacing. During synchronous DRAM access, burst operation is
always enabled regardless of this bit.
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e Bit 9—RAS Down Mode (RASD)

Bit 9: RASD Description

0 For DRAM, RAS is negated after access ends (normal operation).
For synchronous DRAM, a read or write is performed using auto-
precharge mode. The next access always starts with a bank active
command.

1 For DRAM, after access ends RAS down mode is entered in which RAS

is left asserted. When using this mode with an external device
connected which performs writes other than to DRAM, see section
7.6.5, Burst Access.

For synchronous DRAM, access ends in the bank active state. This is
only valid for area 3. When area 2 is synchronous DRAM, the mode is
always auto-precharge.

* Bits7, 5, and 4—Address Multiplex (AMX2-AMXO0)

For DRAM interface:

Bit 7: Bit 5: Bit 4:
AMX2 AMX1 AMXO0 Description
0 0 0 8-bit column address DRAM
1 9-bit column address DRAM
1 0 10-bit column address DRAM
1 11-bit column address DRAM
1 0 0 Reserved (do not set)
1 Reserved (do not set)
1 0 Reserved (do not set)
1 Reserved (do not set)
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For synchronous DRAM interface:

Bit 7: Bit 5: Bit 4:
AMX2 AMX1 AMXO0 Description
0 0 0 16-Mbit DRAM (1M x 16 bits)
1 16-Mbit DRAM (2M x 8 bits)*
1 0 16-Mbit DRAM (4M x 4 bits)*
1 4-Mbit DRAM (256k x 16 bits)
1 0 0 Reserved (do not set)
1 Reserved (do not set)
1 0 Reserved (do not set)

1 2-Mbit DRAM (128k x 16 bits)

Note: Reserved. Do not set when SZ bit in MCR is 0 (16-bit bus width).

¢ Bit 6—Memory Data Size (SZ): For synchronous DRAM, DRAM, and pseudo-SRAM space,
the data bus width of BCR2 isignored in favor of the specification of this bit.

Bit 6: Sz Description
0 Word (Initial value)
1 Longword

¢ Bit 3—Refresh Control (RFSH): This bit determines whether or not the refresh operation of
DRAM/synchronous DRAM/pseudo-SRAM is performed. Thisbit is not valid in the slave
mode and is always handled as 0.

Bit 3: RFSH Description
0 No refresh (Initial value)
1 Refresh

¢ Bit 2—Refresh Mode (RMODE): When the RFSH bit is 1, this bit selects normal refresh or
self-refresh. When the RFSH bit is 0, do not set this bit to 1. When the RFSH bit is 1, self-
refresh mode is entered immediately after the RMD bit is set to 1. When the RFSH bit is 1 and
thisbit is0, a CAS-before-RAS refresh or auto-refresh is performed at the interval set in the 8-
bit interval timer. When arefresh request occurs during an external area access, the refresh is
performed after the access cycleis completed. When set for self-refresh, self-refresh modeis
entered immediately unless the SH7604 is in the middle of an synchronous DRAM or pseudo-
SRAM areaaccess. If it is, self-refresh mode is entered when the access ends. Refresh requests
fromthe interval timer are ignored during self-refresh. Self-refresh is not support etk
DRAM, so always set RMD to 0 when using DRAM.
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Bit 2. RMODE Description

0 Normal refresh (Initial value)

1 Self-refresh

» Bits 8, 1, and 0—Reserved: These bits always read 0.

7.25 Refresh Timer Control/Status Register (RTCSR)

Bit: 15 14 13 12 11 10 9 8
gitname: | — | — | — | — | — | — | — | —
Initial value: 0 0 0 0 0 0 0 0

R/W:

Bit: 7 6 5 4 3 2 1 0
Bitname: | CMF | CMIE | CKS2 | CKS1 | ckso | — | — | — |
Initial value: 0 0 0 0 0 0 0 0

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

» Bits 15 to 8—Reserved: These bits always read 0.

e Bit 7—Compare Match