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Cautions

Keep safety first in your circuit designs!

1

Renesas Technology Corp. 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 personal 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 material or (iii) prevention against any malfunction or mishap.

Notes regarding these materials

1

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

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

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

The information described here may contain technical inaccuracies or typographical errors.
Renesas Technology Corp. assumes no responsibility for any damage, liability, or other loss
rising from these inaccuracies or errors.

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

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

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

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

If these products or technol ogies 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.

Any diversion or reexport contrary to the export control laws and regulations of Japan and/or
the country of destination is prohibited.

Please contact Renesas Technology Corp. for further details on these materials or the products
contained therein.
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General Precautions on Handling of Product

1. Treatment of NC Pins

Note:

Do not connect anything to the NC pins.

The NC (not connected) pins are either not connected to any of the internal circuitry or are
used astest pins or to reduce noise. If something is connected to the NC pins, the
operation of the LS| is not guaranteed.

2. Treatment of Unused Input Pins

Note:

Fix al unused input pinsto high or low level.

Generally, the input pins of CMOS products are high-impedance input pins. If unused pins
arein their open states, intermediate levels are induced by noisein the vicinity, a pass-
through current flows internally, and a malfunction may occur.

3. Processing before Initialization

Note:

When power isfirst supplied, the product’s state is undefined.

The states of internal circuits are undefined until full power is supplied throughout the
chip and alow level isinput on the reset pin. During the period where the states are
undefined, the register settings and the output state of each pin are also undefined. Design
your system so that it does not malfunction because of processing whileitisin this
undefined state. For those products which have areset function, reset the LSI immediately
after the power supply has been turned on.

4. Prohibition of Accessto Undefined or Reserved Addresses

Note:

Access to undefined or reserved addresses is prohibited.

The undefined or reserved addresses may be used to expand functions, or test registers
may have been be allocated to these addresses. Do not access these registers; the system'’s
operation is ot guaranteed if they are accessed.
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Configuration of This Manual

This manual comprises the following items:

General Precautions on Handling of Product
Configuration of This Manual

Preface

Contents

Overview

Description of Functional Modules

e CPU and System-Control Modules

*  On-Chip Peripheral Modules

The configuration of the functional description of each module differs according to the
module. However, the generic style includes the following items:

i) Feature

ii) Input/Output Pin
iii) Register Description
iv) Operation

v) Usage Note

o gk~ wbdhrE

When designing an application system that includes this L Sl, take notes into account. Each section
includes notes in relation to the descriptions given, and usage notes are given, as required, asthe
final part of each section.

7. List of Registers

8. Electrica Characteristics

9. Appendix

10. Main Revisions and Additionsin this Edition (only for revised versions)

Thelist of revisionsis a summary of points that have been revised or added to earlier versions.
This does not include all of the revised contents. For details, see the actual locationsin this
manual.

11. Index
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Preface

The SH7729R isa microprocessor that integrates peripheral functions necessary for system
configuration with a 32-bit internal architecture SH2-DSP CPU asits core.

The SH7729R's on-chip peripheral functions include a cache memory, internal X/Y memory, an
interrupt controller, timers, three serial communication interfaces, areal time clock (RTC),
memory management unit (MMU), a user break controller (UBC), a bus state controller (BSC),
and 1/0 ports, making it ideal for use as a microcomputer in electronic devices that require high
speed together with low power consumption.

Intended Readership: This manual is intended for users undertaking the design of an application
system using the SH7729R. Readers using this manual require abasic
knowledge of electrical circuits, logic circuits, and microcomputers.

Purpose: The purpose of this manual isto give users an understanding of the hardware
functions and electrical characteristics of the SH7729R. Details of execution
instructions can be found in the SH-3, SH-3E, SH3-DSP Programming
Manual, which should be read in conjunction with the present manual .

Using this Manual:

» For an overall understanding of the SH7729R's functions
Follow the Table of Contents. This manual is broadly divided into sections on the CPU, system
control functions, peripheral functions, and electrical characteristics.

» For adetailed understanding of CPU functions
Refer to the separate publication SH-3, SH-3E, SH3-DSP Programming Manual .

Note on bit notation: Bits are shown in high-to-low order from left to right.

Related Material: The latest information is available at our Web Site. Please make sure that you
have the most up-to-date information available.
(http://www.renesas.com/eng/)
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User's Manuals on the SH7729R:

Manual Title ADE No.
SH7729R Hardware Manual This manual
SH-3, SH-3E, SH-3DSP Programming Manual ADE-602-096
Users manuals for development tools:

Manual Title ADE No.
C/C++ Compiler, Assembler, Optimized Linkage Editor User's Manual ADE-702-246
Simulator Debugger User's Manual ADE-702-186
Embedded Workshop User's Manual ADE-702-201
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List of Items Revised or Added for ThisVersion

Section Page  Description
1.2 Block Diagram 7 ASERAM deleted from figure
Figure 1.1 Block
Diagram
ubl (K
~N
INTC K
CPGWDT [
External bus
interface
ASERAM deleted from legend
5.4 Memory-Mapped 151, Replaced
Cache 152

5.4.1 Address Array

RENESAS
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Section

Page

Description

5.4.2 Data Array

152

Description amended

The address array is mapped to H'F1000000 to H'F1FFFFFF. To
access an element of the data array, the 32-bit address field (for
read/write access) and 32-bit data field (for write access) must be
specified. The address field specifies the information that selects
the entry to be accessed; the data field specifies the longword
data to be written to the data array.

In the address field, specify the entry's address in bits 11-4, L in
bits 3-2 to indicate the longword's position within a line (which
consists of 16 bytes), W in bits 13-12 to select the way, and H'F1
in bits 31-24 to indicate access to the data array. The L bits (3-2)
specification is in the following form: 00 is longword 0, 01 is
longword 1, 10 is longword 2, and 11 is longword 3. Settings for
the W bits (13-12) are as follows: 00 is way 0, 01 is way 1, 10 is
way 2, and 11 is way 3. Since access is not allowed crossing
longword boundaries, always set 00 in bits 1-0 of the address
field.

The following two operations on the data array are possible. Note
that these operations will not change the information in the
address array.

(1) Data Array Read

Reads the data at the position selected by the L bits (3-2) of the
address field from the entry that corresponds to the entry address
and way that were specified in the address field.

(2) Data Array Write

Writes the longword data set in the data field into the entry that
corresponds to the entry address and way that were specified in
the address field. The longword data will be written to the entry at
the position selected by the L bits (3-2) of the address field.
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Section Page

Description

5.5.1 Invalidating a 154
Specific Entry

Description amended

A specific cache entry can be invalidated by accessing the all ocated
memory cache and writing a 0 to the entry’s U and V bits. The A bitis
cleared to 0, and an address is specified for the entry address and the
way. If the U bit of the way of the entry in question was set to 1, the
entry is written back and the V and U bits specified by the write dataare
written to.

In the following example, the write dataiis specified in RO and the
address is specified in R1.

; RO H 0000 0000 LRU = H 000, U=0, V=
Rl = H FOOO 1080, Way = 1, Entry = H 08,

0
A=0
MOV.L RO, @1

To invalidate all entries and ways, write 0 to the following addresses.

Addresses
FO00 0000
FO00 0010
FO00 0020

FO00 3FFO

Thisinvolves atotal of 1,024 writes.
The above operation should be performed using a non-cacheable area.

5.5.2 Invalidating a 155
Specific Address

Newly added

5.5.3 Reading the
Data of a Specific Entry

Description amended

; R1=H'F100 004C; data array access, entry=H'04, Way = 0,
; longword address = 3

MOV.L @RO,R1 ; Longword 3 is read.

7.2.6 Interrupt 171
Exception Handling and
Priority

Table 7.4 Interrupt
Exception Handling

Sources and Priority
(IRQ Mode)

IPR (bit numbers) for SCI amended
(Before)IPRB(3-0) — (After)IPRB(7-4)

7.3.6 Interrupt 182
Request Register 0
(IRRO)

Description amended

When clearing an IRQ5R-IRQOR bit to 0, read the bit while bit set
to 1, and then write 0. In this case, 0 should be written only to the
bits to be cleared and 1 to the other bits. The contents of the bits
to which 1 is written do not change.

9.2.1 Standby Control 230
Register (STBCR)

Description added
Bit 1—Module Standby 1 (MSTP1)

Before switching the RTC to module standby, access at least one
among the registers RTC, SCI, and TMU.
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Section Page Description

9.3.1 Transition to 233 Description added
Sleep Mode In sleep mode, the STATUSL pin is set high and the STATUSO
pin low.

DMAC transfers should not be performed in the sleep mode
under conditions other than when the clock ratio of 10 (on-chip
clock) to BO (bus clock) is 1:1.

9.5.1 Transition to 237 Note *3 added to bit table

Module Standby Note: 3. Before putting the RTC into module standby status, first

Function
access one or more of the RTC, SCI, and TMU
registers. The RTC may then be put into module standby
status.
10.2.1 CPG Block 250 Figure amended
Diagram
. Clock pulse generator
Figure 10.1 Block
Diagram of Clock Pulse cart [X , Divider 1
Generator PLL circuit 1 PER N
> (x1,2,3,4, x 1/2 -»] Internal
6) x 1/3 i clock (1)
CKIO X}—L% » «1/41» | Cycle=Icyc
Cycle = Bcyc x 1/6 [
car2 X ‘ Divider 2
Crystal x1 b )
XTAL [X] osdillator PLL circuit 2| | x1/2}»| | Peripheral
(x1,4) x 1/3 |»—» clock (Pd)
EXTAL X— x 1/4 > Cycle = Pcyc
x 1/6 [
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Section Page Description
10.3 Clock Operating 256 Cautions 4 to 6 deleted
Modes
Table 10.4 Available
Combinations of Clock
Mode and FRQCR
Values
10.5.3 Notes on 259 Newly added
Changing the
Frequency
10.8.2 Changing the 265 Description added
Frequency 5.The counter stops at a value of H'00 or H'01. The stop value
depends on the clock ratio.
If the following three conditions are all met, FRQCR should not be
changed when a transfer using the DMAC is in progress.
« Bits IFC2 to IFCO are changed.
* Bits STC2 to STCO are not changed.
* The clock ratio is other than I¢:Bep= 1:1.
11.1.1 Features O Refresh function description deleted
11.2.5 Individual 292 Description added
l;ﬂgg?;gc(tlagtg;l Bit 7—Synchronous DRAM Bank Active (RASD): Specifies
whether synchronous DRAM is used in bank active mode or auto-
precharge mode. Set auto-precharge mode when areas 2 and 3
are both designated as synchronous DRAM space.
The bank active mode should not be used unless the bus width
for all areas is 32 bits.
293 Bit table amended

Bits 6 to 3—Address Multiplex (AMX3, AMX2, AMX1, AMX0)
Bit6: Bit5: Bit 4: Bit 3:
AMX3 _AMX2 AMX1 _AMXO0 Description
0 1 0 0 The row address begins with
A9 (The A9 value is output at
Al when the row address is
output. 1M x 16-bit x 4-bank
products)
1 The row address begins with
A10 (The A10 value is output at
Al when the row address is
output. 2M x 8-bit x 4-bank
products ,2M X 16-bit x 4-bank
products)
1 1 The row address begins with
A9 (The A9 value is output at
Al when the row address is
output. 512k x 32-bit x 4-bank
products)




Section Page

Description

11.2.13 MCSO0 Control 304
Register (MCSCRO)

Description added

Bit 6—CS2/CS0 Select (CS2/0)
Note that the CS2/0 bit in MCSCR should always be cleared to 0
(area O selected).

11.3.4 Synchronous 334
DRAM Interface

Bank Active description added

... .In bank active mode, too, all banks become inactive after a
refresh cycle or after the bus is released as the result of bus
arbitration.

The bank active mode should not be used unless the bus width
for all areas is 32 hits.

11.3.7 Waits between 363
Access Cycles

Figure 11.40 Waits
between Access Cycles

Figure amended

T, Tp | Twait | Ty | T, | Twait | Ty | T |

11.3.10 MCSI0] to 366
MCSJ7] Pin Control

Description amended

This enables 32-, 64-, 128-, or 256-Mbit memory to be connected
to area O or area 2. However, only CS2/0 = 0 (area 0) should be
used for MCSCRO. Table 11.15 shows MCSCR0O-MCSCR7
settings and MCS[0]-MCS[7] assertion conditions.

12.6 Usage Notes 431,
432

Description added

13. DMAC transfers should not be performed in the sleep mode
under conditions other than when the clock ratio of lg (on-
chip clock) to Bg (bus clock) is 1:1.

14. When the following three conditions are all met, the
frequency control register (FRQCR) should not be changed
while a DMAC transfer is in progress.

* Bits IFC2 to IFCO are changed.
e STC2to STCO in FRQCR are not changed.

» The clock ratio of Ig (on-chip clock) to Bg (bus clock) after
the change is other than 1:1.

15. If the following three conditions are all met, big-endian
access is used when the DMAC is used to transfer data from
XY memory, even in the little-endian mode.

e The source address for the transfer is in XY memory.
* The indirect address mode is used.

* The byte size data is transferred.

* The data format is little-endian.

14.4.3 Precautions 470
when Using RTC
Module Standby

Newly added
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Section Page

Description

17.4 SCIF Interrupts 594

Table 17.10 SCIF
Interrupt Sources

Description amended

When the TDFE flag in the serial status register (SCSSR) is set to
1, a TXI interrupt request is generated. The DMAC can be
activated and data transfer performed when this interrupt is
generated. When data exceeding the transmit trigger number is
written to the transmit data register (SCFTDR) by the DMAC, 1 is
read from the TDFE flag, after which O is written to it to clear it.

When the RDF flag in SCSSR is set to 1, an RXI interrupt request
is generated. The DMAC can be activated and data transfer
performed when the RDF flag in SCSSR is set to 1. When
receive data less than the receive trigger number is read from the
receive data register (SCFRDR) by the DMAC, 1 is read from the
RDF flag, after which 0 is written to it to clear it.

Table amended
(Before)Priority on Reset Release - (After)Priority

17.5 Usage Notes 595

Description amended

1. SCFTDR Writing and TDFE Flag:

However, if the number of data bytes written to SCFTDR is equal
to or less than the transmit trigger number, the TDFE flag will be
set to 1 again even after having been cleared to 0. TDFE clearing
should therefore be carried out after data exceeding the specified
transmit trigger number has been written to SCFTDR.

20.13.2 SC Port Data 654
Register (SCPDR)

Title amended

Rev. 5.0, 09/03, page xv of xlvi
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Section Page Description
21.3 Bus Master 665 Figure amended
Interface
. Upper byte read
Figure 21.2 A/D Data
Reglster Access ; CPU Bus Module internal data bus
Operation (Reading receives H interface ﬁ
H'AA40) data H'AA
TEMP
[H'40]
ADDRn H ADDRn L _
[HAA] [H40] n=AtoD
Lower byte read
CPU Bus Module internal data bus
receives H interface ﬁ
data H'40 t
TEMP
[H'40]
ADDRn H ADDRn L _
’ [HAA] [H40] n=AtoD
24.1 Absolute 701 Caution amended
Maximum Ratings 2.Until voltage is applied to all power supplies, a low level is input
Table 24.1 Absolute at the RESETP pin, and CKIO has operated for a maximum of 4
Maximum Ratings clock cycles, internal circuits remain unsettled, and so pin states
are also undefined. The system design must ensure that these
undefined states do not cause erroneous system operation.
Note that the RESETP pin cannot receive a low level signal while
a low level signal is being input to the CA pin.
242 DC 703,  Test conditions for in sleep mode amended
Characteristics 705 Item Symbol Min Typ Max Unit Test Conditions
Table 24.2 DC e
Characteristics In sleg? Icc — 15 30 No external bus
mode cycles
except refresh
cycles
Vec =19V
VeecQ =33V
Bo=33 MHz

Note * added
* If the IRL and IRLS interrupts are used, the minimum is 1.9 V.

Rev. 5.0, 09/03, page xvi of xlvi

RENESAS



Section Page Description
24.3.6 Synchronous 733 Tnop cycle deleted from figure
DRAM Tlmlng Tet | T2 |Te3Mdi|Te4/Tdz| Td3 | Td4
Figure 24.31
CKIO + %% 11
Synchronous DRAM .
Burst Read Bus Cycle wswome X Row sk —
(RAS Down, Same Row e
AddI'ESS, CAS LatenCy A120r A0 §1‘ Read command ‘;1(7
=2) wsoro | c‘,wcgcm i ——
tesps tcsps
[55 7%,( L
“:wn l:wu
rowR | ¥ X
.‘:um
ms [
tcasoz teast
.
toamo toamp
DQMxx ‘4( ;(
trosz| tromz trosz| tronz
BS gN ;Z
CKE (High)
- j{ nnn .ﬁ‘

24.3.8 Peripheral
Module Signal Timing

Figure 24.52 1/O Port
Timing

751

(Before) PORT 7 to O (read) (B:P clock ratio =1:2) —
(After) PORT 7 to O (read) (B:P clock ratio =2:1)
(Before) PORT 7 to O (read) (B:P clock ratio =1:4) —
(After) PORT 7 to 0 (read) (B:P clock ratio =4:1)

A.2 Pin Specifications 767
Table A.2 Pin

Function information amended for Vcc—RTC, Vcc—PLL1, Ve

PLLZ, and Vce

Specifications Pin  PinNo.  Pin No. 110 Function
(FP-208C, (BP-
FP-208E)  240A)
Vee— 3 E2 Power RTC oscillator power
RTC supply supply
(2.0/1.9/1.8/1.7 V)
Vce— 145 F16, Power PLL power supply
PLL1 150 E17 supply (2.0/1.9/1.8/1.7 V)
Vee—
PLL2
Vee 29, 81, L3, L4, Power Internal power supply
134, 154, U111, T11, supply (2.0/1.9/1.8/1.7 V)
175 J17, J16,
E18, C19,
C12, D12
Rev. 5.0, 09/03, page xvii of xlvi
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Section Page Description
A3 Trea'tment of 768 "When RTC is not used" and "When PLL2 is not used" amended
Unused Pins (Before) (1.9/1.8V) _ (After) (2.0/1.9/1.8[.7V)

"When PLL1 is not used" deleted

"When hardware standby mode is not used" added

* When hardware standby mode is not used

CA: Pullup (3.3 V)

A.4 Pin States in 770to Note 2 amended
Access to Each 782

Address Space

Table A.3 Pin States
(Ordinary Memory/Little
Endian)

Table A.4 Pin States
(Ordinary Memory/Big
Endian)

Table A.5 Pin States
(Burst ROM/Little
Endian)

Table A.6 Pin States
(Burst ROM/Big
Endian)

Table A.9 Pin States
(PCMCIA/Little Endian)

Table A.10 Pin States
(PCMCIA/Big Endian)

Note: 2.Unused data pins should be switched to the port
function, or pulled up.
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Section1l Overview

1.1 Features

The SH7729R isa single-chip RISC microprocessor that integrates a 32-bit RISC-type SuperH
RISC engine architecture CPU with a digital signal processing (DSP) extension asits core,
together with cache memory, an on-chip X/Y memory, and a memory management unit (MMU),
as well as peripheral functions required for system configuration such as atimer, a realtime clock,
an interrupt controller, and a serial communication interface. The SH7729R includes data
protection, virtual memory, and other functions provided by incorporating an MMU, into a
SuperH Series microprocessor (SH-1 or SH-2). The provision of on-chip DSP functions enables
applications that previously required the use of two chips—a microprocessor and a DSP—to be
implemented with a single chip.

The SH7729R chip has the same peripheral modules as the SH7729. High-speed data transfers can
be formed by an on-chip direct memory access controller (DMAC), and an external memory
access support function enables direct connection to different kinds of memory. The SH7729R
microprocessor also supports an infrared communication function, an A/D converter, and a D/A
converter.

A powerful built-in power management function keeps power consumption low, even during high-
speed operation. The SH7729R can run at six times the system bus operating speed, making it also
ideal for devices such as PDAs that require both high speed and low power consumption.

The features of the SH7729R are listed in table 1.1.
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Tablel.l SH7729R Features

Item Features

CPU » Original Renesas Technology SuperH architecture
e Compatible with SH-1, SH-2, and SH-3 series at object code level
e 32-bitinternal data bus
* General-registers
O Sixteen 32-bit general registers (eight 32-bit shadow registers)
0 Eight 32-bit control registers
O Four 32-bit system registers
* RISC-type instruction set
O Instruction length: 16-bit fixed length for improved code efficiency
O Load/store architecture
0 Delayed branch instructions
O Instruction set based on C language
» Instruction execution time: one instruction/cycle for basic instructions
« Logical address space: 4 Gbhytes
» Space identifier ASID: 8 bits, 256 logical address spaces
» Five-stage pipeline

DSP e Mixture of 16-bit and 32-bit instructions
e Multiplier, ALU, barrel shifter, and DSP register
e 16-bit x 16-bit — 32-bit one cycle multiplier
e Large DSP data registers
0 Six 32-bit data registers
O Two 40-bit data registers
» Extended Harvard Architecture for DSP data bus
O Two data buses
O One instruction bus
e Max. four parallel operations: ALU, multiply, and two load or store
« Two addressing units to generate addresses for two memory access

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

» Zero-overhead repeat loop control
e Conditional execution instructions
e User DSP mode and privileged DSP mode
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Item

Features

Clock pulse
generator (CPG)

Clock mode: Input clock can be selected from external input (EXTAL or
CKIO) or crystal oscillator

Three types of clocks generated:

O CPU clock: 1-24 times the input clock, maximum 200 MHz

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

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

0 Sleep mode

0 Standby mode

0 Module standby mode

One-channel watchdog timer

Memory
management
unit (MMU)

4 Gbhytes of address space, 256 address spaces (8-bit ASID)
Page unit sharing

Supports multiple page sizes: 1 kbyte or 4 kbytes

128-entry, 4-way set associative TLB

Supports software selection of replacement method and random-replacement
algorithms

Cache memory

16-kbyte cache, mixed instruction/data

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

Maximum 2 ways of the cache can be locked

X/Y memory

User-selectable mapping mechanism

O Fixed mapping for realtime applications (privileged DSP mode)
O Automatic mapping through TLB (user DSP mode)

Three independent read/write ports

0 8-/16-/32-bit access from the CPU

0 Maximum two 16-bit accesses from the DSP

0 8-/16-/32-bit and 16-byte access from the DMAC

8-kbyte RAM each for X and Y memory

Interrupt
controller (INTC)

7 external interrupt pins (NMI, IRQ5-IRQO)

Level interrupt pins: 15 levels

16 port interrupt pins (PINT15—-PINTO)

On-chip peripheral interrupts: Priority level set for each module
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Item Features

User break * Two break channels

controller (UBC) Addresses, data values, type of access, and data size can all be set as break

conditions
e Supports a sequential break function

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

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

O Specifying the memory to be connected to each area enables direct
connection to SRAM, DRAM, synchronous DRAM, and burst ROM

O Supports PCMCIA interface (2 channels)

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

0 Programmable refresh interval

O Supports self-refresh mode
* Synchronous DRAM burst access function
« Big or little endian can be set

User debugging  E10A emulator support
Interface (UDI) e JTAG-compliant
* Realtime branch trace

« 1-kbyte on-chip RAM for fast emulation program execution

Timer (TMU) e 3-channel auto-reload-type 32-bit timer
e Input capture function
« Selection of six counter input clocks
e Maximum resolution: 2 MHz

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

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

interrupt) of 1/256 second

Serial communi- <  Asynchronous mode or clock synchronous mode can be selected
cation interface 0

Full-duplex communication
(SCI0) P

e Supports smart card interface

Serial communi- « 16-byte FIFO for transmission/reception
cation interface 1

DMA transfer capabilit:
(SCI1) pabilty

* IrDA: interface based on 1.0
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Item

Features

Serial communi-
cation interface 2
(SCI2)

16-byte FIFO for transmission/reception

DMA transfer capability
Hardware flow control

Direct memory
access controller
(DMAC)

Four channels

Burst mode and cycle-steal mode
Data transfer size: 8-/16-/32-bit and 16-byte

1/0 port

Twelve 8-hit ports

A/D converter
(ADC)

10 bits + 4 LSB, 8 channels

Conversion time: 10 pus

Input range: 0—AVcc (max. 3.6 V)

D/A converter
(DAC)

8 bits + 4 LSB, 2 channels
Conversion time: 16 us

Output range: 0—AVcc (max. 3.6 V)

Product lineup

Power Supply Voltage

Operating
Abbr. 110 Internal Frequency Model Name Package
SH7729R 3.3+0.3V 2.0+0.15V* 200 MHz  HD6417729RHF200B 208-pin plastic
HQFP (FP-208E)
1.9+0.15V 167 MHz HD6417729RF167B 208-pin plastic
LQFP (FP-208C)
HD6417729RBP167B 240-pin CSP
(BP-240A)
1.8+0.25V 133 MHz HD6417729RF133B 208-pin plastic
1.8-0.15V LQFP (FP-208C)
HD6417729RBP133B 240-pin CSP
(BP-240A)
1.7+0.25V 100 MHz  HD6417729RF100B 208-pin plastic
1.7-0.15V LQFP (FP-208C)

HD6417729RBP100B 240-pin CSP
(BP-240A)

Note: * 2.0 +0.15V, —0.1 V when using IRL and IRLS interrupts.

RENESAS
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Tablel.2 Characteristics

Item Characteristics

Power supply voltage « 1/0:3.3%0.3V, Internal: 2.0 £0.15 V (200 MHz)",
1.9 +0.15 V (167 MHz models), 1.8 +0.15 V, —0.15 V (133 MHz),
1.7 +0.25 V, —0.25 V (100MHz)

Operating frequency ¢ Internal frequency: 200 MHz (200 MHz models),
167 MHz (167 MHz models), 133.34 MHz (133 MHz models),
100 MHz (100 MHz models)

« External frequency: maximum 66.67 MHz

Process ¢ 0.25-uym CMOS/5-layer metal

Note: * 2.0 +0.15 V, -0.1 V when using IRL and IRLS interrupts.
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12

Block Diagram

<_| % > K T s
xvent = (1 © L] =
<1 [HeHeP] (oL Y
< 3| |3
: > X
< q S| Dpsp
XYMEM L N L
<1 [ H P K
<
g
- 2 UBC
<18 =K<
MMU 2
= AUD
SCI
e [ - K
< "
3
e}
<] I
CCN sk > TMU
< <
<] &
CACHE | —] ] e
BRIDGE
BSC
ubl < — kK > IDA
(; I
>
o)
- K | scIF
INTC K ~
DMAC Ei
I B ADC
CPGWDT K s
CMT &
K> DAC
External bus |- 1/0 port
interface
A/D converter O IrDA: Serial communicatiion interface (with IRDA)

Advanced user debugger
Bus state controller
Cache memory

Cache memory controller
Compare match timer

: Clock pulse generator/watchdog timer

Central processing unit

D/A converter

Direct memory access controller
Digital signal processor

User debugging interface
Interrupt controller

MMU:  Memory management unit

RTC: Realtime clock

SClI: Serial communication interface (with smart card interface)
SCIF:  Serial communication interface (with FIFO)

TLB: Translation look-aside buffer
TMU: Timer unit
UBC: User break controller

XYCNT: X/Y memory controller

XYMEM: X/Y memory

Figure1l.1 Block Diagram
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13 Pin Description

131 Pin Assignment

Figure 1.2 shows the pin arrangement of the SH7729R.

AUDCK/PTHI6]

Vee
Vss
Vss

156 [] EXTAL

155 =] XTAL

115 [] DACK1/PTD[7]
1 DACKO/PTD[5]

108 =1 CASL/PTJ2]

107 =3 PTJ[1]

106 ] RAS3L/PTJ[0]

105 [—1 CKE/PTK5]

STATUSO/PTJ[6] ] 157
STATUS1/PTJ[7]
TCLKIPTHIZ]
IRQOUT

104

Ve
TxDO/SCPT
SCKO/SCPT]
TxD1/SCPT]
SCK1/SCPT]
TxD2/SCPT]
SCK2/SCPT]
RTS2/SCPT|
RxDO/SCPT|
RxD1/SCPT

RXDZ/SCPT

Mommpwm_\oo

o
B0

I S owﬁbmm\wg

CTS2/IRQ5/SCPT|
MCS[7)/PTC[7)/PINT]|
MCS[6/PTC[6]/PINT]|
MCS[5/PTC[5]/PINT]|
MCS[4J/PTC[4]/PINT|

Vst

WAKEUP/PTD

RESETOUTIPTY
MCS[3]/PTC[3]/PINT|
MCSI2VPTCI2IPINT]
MCS[1)/PTC[1]/P
MCS[O]/PTC[O]/PINT

KO/PTD

SH7729R
FP-208C
FP-208E

(Top view)

A
AN[OJPTLO]
AN[JPTL[]
AN[2JPTL[2]
AN[3JPTL[3]
AN[4]/PTL[4]
AN[5J/PTL[5]
AV,

AN[S]/DA[YPTLIG]
AN[7V/DAOJ/PTL[7]
AVss

PO NDTOON DD =N
5837 ILETR2B5Y
ENONNOSEENETEErTINC=OSEDET 45 SNEE0R oI PN ogRreonaten 2
SSgEEeZIITTIOOOMAN of SOLIIL>T>TIL 00 o00000 o0
Gxx s aaanoaobobhaob~a~gagas & gag” ~ > =
$US goyagzegane & IRNRg 2 2
1; Zzg880088 & 50088 & boa
SENE
jefelele)
4444

[ CEZBIPTE[5]

IIIIIIIIIIIIIIIIIIIIIIIIIIIIII
>

Figure 1.2 Pin Assignment (FP-208C, FP-208E)
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ABCDEFGHJKLMNPRTUVW

19:0000000000000000000 19
18:000000000000000000O0 ;|18
17:0000000000000000000 i|17
16|:0000000000000000000 ;|16
15[1QQQQ ;- sy : 0000 i|15
140000 : 0000 |14
13[:0000': : 0000 i|13
12[:0000 : 000012
1[i000O0: SH7729R : 0000 i1
100000 BP-240A : 0000 |10
9!0000: (Top View) : 0000 |9
810000 1 0000 |8
70000 00007
61:0000: 0000 i|8
5110 Q00 temmmmmmmmmmmmmmmmmennnene 0000i|5
41:0000000000000000000 |4
3i0000000000000000000 |3
2i0000000000000000000 ;2
10000000000 000000000 1

ABCDEFGHJKLMNPRTUVW

Note: The area within dotted lines shows a cutaway view of the pins.

Figure 1.3 Pin Assignment (BP-240A)
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1.3.2 Pin Function

Table 1.3 shows the pin functions.

Table1.3 SH7729R Pin Functions
Pin No.

FP-208C,

FP-208E BP-240A Pin Name 1/0 Description

1 D2 MD1 | Clock mode setting

2 Cc2 MD2 | Clock mode setting

3 E2 Vce-RTC* — RTC power supply V*?

4 D1 XTAL2 (@) On-chip RTC crystal oscillator pin

5 D3 EXTAL2 I On-chip RTC crystal oscillator
pin*G

6 E1l Vss-RTC** — RTC power supply (0 V)

C3 NMI | Nonmaskable interrupt request

8 E3 IRQO/IRLO/PTHIO] | External interrupt request/input
port H

9 E4 IRQL/IRL1/PTHI[1] | External interrupt request/input
port H

10 F1 IRQ2/IRL2/PTHI[2] | External interrupt request/input
port H

11 F2 IRQ3/IRL3/PTHI3] | External interrupt request/input
port H

12 F3 IRQ4/PTHI[4] | External interrupt request/input
port H

13 F4 D31/PTBJ[7] 1/0 Data bus / 1/0 port B

14 G1 D30/PTBI[6] 110 Data bus / 1/0O port B

15 G2 D29/PTBJ5] 110 Data bus / 1/0O port B

16 G3 D28/PTB[4] 110 Data bus / 1/0O port B

17 G4 D27/PTBJ3] 110 Data bus / 1/0O port B

18 H1 D26/PTBJ[2] 110 Data bus / 1/0O port B

19 H2 VssQ — Input/output power supply (0 V)

20 H3 D25/PTBJ[1] 110 Data bus / 1/0O port B

21 H4 VeeQ — Input/output power supply (3.3 V)

22 J1l D24/PTBJ0] 1/0 Data bus / 1/0O port B

23 J2 D23/PTA[7] 110 Data bus / 1/0O port A

Rev. 5.0, 09/03, page 10 of 806
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Pin No.

FP-208C,

FP-208E BP-240A Pin Name 110 Description

24 J4 D22/PTA[6] 1/0 Data bus / I/O port A

25 J3 D21/PTA[5] 1/0 Data bus / I/O port A

26 K2 D20/PTA[4] 1/0 Data bus / 1/0O port A

27 K3 Vss — Power supply (0 V)

— K4 Vss — Power supply (0 V)

28 K1 D19/PTA[3] 110 Data bus / I/O port A

29 L3 vee — Power supply **

— L4 vee — Power supply **

30 L2 D18/PTA[2] 1/0 Data bus / I/0O port A

31 L1 D17/PTA[1] 1/0 Data bus / I/O port A

32 M4 D16/PTA[O] 110 Data bus / 1/0O port A

33 M3 VssQ — Input/output power supply (0 V)
34 M2 D15 110 Data bus

35 M1 VeeQ — Input/output power supply (3.3 V)
36 N4 D14 110 Data bus

37 N3 D13 1/0 Data bus

38 N2 D12 110 Data bus

39 N1 D11 1/0 Data bus

40 P4 D10 110 Data bus

41 P3 D9 /0 Data bus

42 P2 D8 110 Data bus

43 P1 D7 /0 Data bus

44 R4 D6 110 Data bus

45 R3 VssQ — Input/output power supply (0 V)
46 T4 D5 1/0 Data bus

47 R1 VeeQ — Input/output power supply (3.3 V)
48 T3 D4 1/0 Data bus

49 T1 D3 110 Data bus

50 R2 D2 1/0 Data bus

51 uz2 D1 110 Data bus

52 T2 DO 1/0 Data bus

53 V4 AO (0] Address bus
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Pin No.

FP-208C,

FP-208E BP-240A Pin Name 110 Description

54 V3 Al (@) Address bus

55 V5 A2 (0] Address bus

56 w4 A3 0] Address bus

57 u4 VssQ — Input/output power supply (0 V)
58 w5 Ad 0] Address bus

59 U3 VeeQ — Input/output power supply (3.3 V)
60 us A5 0] Address bus

61 T5 A6 (@) Address bus

62 w6 A7 0] Address bus

63 V6 A8 0] Address bus

64 u6 A9 0] Address bus

65 T6 A10 0] Address bus

66 w7 All (@) Address bus

67 V7 Al12 0] Address bus

68 u7 Al13 (@) Address bus

69 T7 VssQ — Input/output power supply (0 V)
70 w8 Al4 (@) Address bus

71 V8 VeeQ — Input/output power supply (3.3 V)
72 us Al15 (@) Address bus

73 T8 Al16 0] Address bus

74 W9 Al7 (@) Address bus

75 V9 A18 0] Address bus

76 T9 Al19 (@) Address bus

77 U9 A20 (@) Address bus

78 V10 A21 0] Address bus

79 u10 Vss — Power supply (0 V)

— T10 Vss — Power supply (0 V)

80 W10 A22 @) Address bus

81 u11 vee — Power supply **

— T11 Vee — Power supply **

82 V11 A23 0] Address bus
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Pin No.

FP-208C,

FP-208E BP-240A Pin Name 110 Description

83 w11 VssQ — Input/output power supply (0 V)

84 T12 A24 @) Address bus

85 ui2 VeeQ — Input/output power supply (3.3 V)

86 V12 A25 (@) Address bus

87 w12 BS/IPTKI[4] /10 Bus cycle start signal / 1/0 port K

88 T13 RD 0 Read strobe

89 ui13 WEO/DQMLL (@) D7-DO0 select signal / DQM
(SDRAM)

90 V13 WE1/DQMLU/WE 0 D15-D8 select signal / DQM
(SDRAM)

91 w13 WE2/DQMUL/ICIORD/ O/ 1/0 D23-D16 select signal / DQM

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

I/O port K

92 T14 WE3/DQMUU/ICIOWR/ O/ 1/0 D31-D24 select signal / DQM

PTK[7] (SDRAM) / PCMCIA 1/O write /

I/0O port K

93 ul4 RD/WR o) Read/write

94 V14 AUDSYNC/PTE[7] O/10 AUD synchronous / 1/0O port E

95 w14 VssQ — Input/output power supply (0 V)

96 T15 CS0/MCS[0] (@) Chip select 0/mask ROM chip
select 0

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

98 T16 CS2/PTK|0] /10 Chip select 2/ 1/0O port K

99 w15 CS3/PTKI[1] o/l/o Chip select 3/ 1/0 port K

100 ul6 CS4/PTK[2] /10 Chip select 4/ 1/0O port K

101 W16 CS5/CE1A/PTK[3] o/l/o Chip select 5/CE1 (area 5
PCMCIA) / /0O port K

102 V15 CS6/CE1B (@) Chip select 6/CE1 (area 6
PCMCIA)

103 V17 CE2A/PTE[4] o/10 CE2 (area5 PCMCIA) / I/O port E

104 V16 CE2B/PTE[5] o/l/o CE2 (area6 PCMCIA) / I/O port E

105 T18 CKE/PTK[5] o/l/o CK enable (SDRAM) / 1/O port K
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Pin No.

FP-208C,

FP-208E BP-240A Pin Name 110 Description

106 ui1s RAS3L/PTJ[0] O/1/0  Lower 32/64 MB address
(SDRAM) RAS / I/0 port J

107 u19 PTJI[1] 110 I/0 port J*°

108 R18 CASL/PTI[2] O/1/0  Lower 32/64 MB address
(SDRAM) CAS / I/0 port J

109 T19 VssQ — Input/output power supply (0 V)

110 T17 CASU/PTJ[3] O/1/0  Upper 32 MB address (SDRAM)
CAS /1/0O port J

111 R19 VceQ — Input/output power supply (3.3 V)

112 u17 PTJ[4] 110 1/O port J

113 R17 PTJ[5] 110 1/O port J

114 R16 DACKO/PTD[5] O/1o DMA acknowledge 0/ 1/O port D

115 P19 DACK1/PTD[7] /10 DMA acknowledge 1/ 1/O port D

116 P18 PTE[6] 110 /O port E

117 P17 PTE[3] 110 /O port E

118 P16 RAS3U/PTE[2] O/1/0  Upper 32 MB address (SDRAM)
RAS / 1/0 port E

119 N19 PTE[1] 110 I/O port E

120 N18 TDO/PTE[O] O/10 Test data output / 1/0 port E

121 N17 BACK o Bus acknowledge

122 N16 BREQ I Bus request

123 M19 WAIT I Hardware wait request

124 Mm18 RESETM I Manual reset request

125 M17 ADTRG/PTHI[5] I Analog trigger / input port H

126 M16 1OIS16/PTG[7] I IO1S6 (PCMCIA) / input port G

127 L19 ASEMDO/PTGI6] I ASE mode** / input port G

128 L18 ASEBRKAK/PTGI5] oll ASE break acknowledge / input
port G

129 L16 PTG[4]/CKIO2 o/l Input port G / clock output

130 L17 AUDATA[3]/PTG[3] I/O/O  AUD data/ input port G

131 K18 AUDATA[2/PTG[2] I/O/O  AUD data/input port G
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Pin No.

FP-208C,

FP-208E BP-240A Pin Name 110 Description

132 K17 Vss — Power supply (0 V)

— K16 Vss — Power supply (0 V)

133 K19 AUDATA[1]/PTG[1] o/l AUD data / input port G

134 J17 Vee — Power supply **

— J16 vee — Power supply **

135 Ji8 AUDATA[QO]/PTGIO] o/l AUD data / input port G

136 J19 TRST/PTF[7]/PINT[15] | Test reset / input port F / port
interrupt

137 H16 TMS/PTF[6]/PINT[14] I Test mode switch / input port F /
port interrupt

138 H17 TDI/PTF[5])/PINT[13] I Test data input / input port F / port
interrupt

139 H18 TCK/PTF[4])/PINT[12] | Test clock / input port F / port
interrupt

140 H19 IRLS3/PTF[3)/ | External interrupt request / input

PINT[11] port F / port interrupt
141 G16 IRLS2/PTF[2])/ | External interrupt request / input
PINT[10] port F / port interrupt

142 G17 IRLS1/PTF[1)/PINT[9] | External interrupt request / input
port F / port interrupt

143 G18 IRLSO/PTF[O)/PINT[8] | External interrupt request / input
port F / port interrupt

144 G19 MDO | Clock mode setting

145 F16 Vee-PLLL*? — PLL1 power supply”*®

146 F17 CAP1 — PLL1 external capacitance pin

147 F18 Vss-PLL1*? — PLL1 power supply (0 V)

148 F19 Vss-PLL2*? — PLL2 power supply (0 V)

149 E16 CAP2 — PLL2 external capacitance pin

150 E17 Vee-PLL2*? — PLL2 power supply”*®

151 D16 AUDCK/PTHI6] | AUD clock / input port H

152 E19 Vss — Power supply (0 V)

153 D17 Vss — Power supply (0 V)

— D19 Vss — Power supply (0 V)

RENESAS
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Pin No.

FP-208C,

FP-208E BP-240A Pin Name 110 Description

154 E18 Vee — Power supply*®

— c19 Vee — Power supply™®

155 C18 XTAL (@) Clock oscillator pin

156 D18 EXTAL I External clock / crystal oscillator
pin

157 B16 STATUSO/PTJ[6] /10 Processor status / /0 port J

158 B17 STATUS1/PTI[7] O/1o Processor status / /0 port J

159 B15 TCLK/PTHI7] le] TMU or RTC clock input/output /
I/O portH

160 Al16 IRQOUT 0 Interrupt request notification

161 C16 VssQ — Input/output power supply (0 V)

162 Al15 CKIO I/O System clock input/output

163 Cc17 VceQ — Input/output power supply (3.3 V)

164 C15 TxDO/SCPTI[O0] (@) Transmit data 0 / SCI output port

165 D15 SCKO/SCPTI[1] 110 Serial clock 0 / SCI I/O port

166 Al4 TxD1/SCPT[2] (@) Transmit data 1 / SCI output port

167 B14 SCK1/SCPTI[3] 110 Serial clock 1 / SCI I/O port

168 Cl4 TxD2/SCPT[4] (@) Transmit data 2 / SCI output port

169 D14 SCK2/SCPTI[5] 110 Serial clock 2 / SCI I/O port

170 A13 RTS2/SCPTI[6] O/1/0  Transmit request 2 / SCI I/O port

171 B13 RxDO/SCPT[0] | Transmit data 0 / SCI input port

172 C13 RxD1/SCPT[2] | Transmit data 1 / SCI input port

173 D13 Vss — Power supply (0 V)

— Al12 Vss — Power supply (0 V)

174 B12 RxD2/SCPT[4] | Transmit data 2 / SCI input port

175 c12 vee — Power supply **

— D12 Vee — Power supply **

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

177 B11 MCS[7)/PTC[7]/PINT[7] O/1/O/1 Mask ROM chip select /

I/O port C / port interrupt
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Pin No.

FP-208C,
FP-208E BP-240A Pin Name 110 Description
178 D11 MCSI[6]/PTC[6]/PINT[6] O/1/O/1 Mask ROM chip select/
I/O port C / port interrupt
179 Cl1 MCS[5])/PTC[5]/PINT[5] O/I/O/1 Mask ROM chip select/
I/O port C / port interrupt
180 B10 MCS[4]/PTC[4]/PINT[4] O/1/O/1 Mask ROM chip select/
I/O port C / port interrupt
181 C10 VssQ — Input/output power supply (0 V)
182 D10 WAKEUP/PTDI3] o/llo Standby mode interrupt request
notification / I/O port D
183 A10 VeeQ — Input/output power supply (3.3 V)
184 Cc9 RESETOUT/PTD[2] o/l/o Reset output / I/O port D
185 D9 MCS[3)/PTC[3]/PINT[3] O/I/O/1 Mask ROM chip select/
I/O port C / port interrupt
186 B9 MCS[2/PTC[2]/PINT[2] O/1/O/1 Mask ROM chip select/
I/O port C / port interrupt
187 A9 MCS[1]/PTC[1]/PINT[1] O/1/O/1 Mask ROM chip select/
I/O port C / port interrupt
188 D8 MCSI[O0])/PTC[OJ/PINT[0] O/I/O/1 Mask ROM chip select/
I/O port C / port interrupt
189 Cc8 DRAKO/PTD[1] O/10 DMA request acceptance /
I/O port D
190 B8 DRAK1/PTD[0] /10 DMA request acceptance /
I/O port D
191 A8 DREQO/PTDI[4] | DMA request / input port D
192 D7 DREQ1/PTD[6] | DMA request / input port D
193 C7 RESETP | Power-on reset request
194 B7 CA | Chip activate (hardware standby
request signal)
195 A7 MD3 | Area 0 bus width setting
196 D6 MD4 | Area 0 bus width setting
197 C6 MD5 | Endian setting
198 B6 AVss — Analog power supply (0 V)
199 A6 ANJ[0])/PTL[O] I A/D converter input / input port L
200 D5 AN[1])/PTL[1] I A/D converter input / input port L

RENESAS
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Pin No.

FP-208C,

FP-208E BP-240A Pin Name 110 Description

201 C5 AN[2])/PTL[2] I A/D converter input / input port L
202 D4 ANJ[3]/PTL[3] I A/D converter input / input port L
203 A5 AN[4])/PTL[4] I A/D converter input / input port L
204 C4 ANI[5]/PTLI[5] I A/D converter input / input port L
205 A4 AVcc — Analog power supply (3.3 V)
206 B5 ANI[6]/DA[1]/PTL[6] I A/D converter input / input port L
207 B3 ANJ[7]/DA[O]/PTL[7] I A/D converter input / input port L
208 B4 AVss — Analog power supply (0 V)

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

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

3. 2.0V in 200 MHz models, 1.9 V in 167 MHz models, 1.8 V in 133 MHz models, 1.7 V in
100 MHz models.

4. Drive high when using the user system alone, and not using an emulator or the UDI.
When this pin is low or open, RESETP may be masked (see section 23 User
Debugging Interface (UDI)).

5. B2,B1, C1, U1, V1, W1, V2, W2, W3, W17, W18, W19, V18, V19, B19, A19, B18, Al8,
Al7, A3, A2, and Al are NC pins. No connection should be made to these pins.

6. If EXTAL2 is not used, pull this pin up to the Vcc-RTC level.
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Section2 CPU

2.1 Registers

The SH7729R has the same registers as the SH-3. In addition, the SH7729R also supports the
same DSP-related registers asin the SH2-DSP. The basic software-accessible registers are divided
into four distinct groups:

» General registers
e Control registers
e Systemregisters
« DSPregisters

With the exception of a number of DSP registers, al of these registers are 32-bit width. The
general registers are accessible from user mode, with RO—R7 banked to provide each processor
mode access to a separate set of RO-R7 registers (i.e. RO-R7_BANKO, and RO-R7_BANK1). In
privileged mode, the register bank bit (RB) in the status register (SR) defines which set of banked
registers (RO-R7_BANKO or RO-R7_BANKZ1) are accessed as general registers, and which are
accessed only by LDC/STC instructions.

The control registers can be accessed by LDC/STC instructions. The GBR, RS, RE, and MOD
registers can also be accessed in user mode. Control registers are:

e SR: Statusregister

e SSR: Saved status register

e SPC: Saved program counter

e GBR: Global base register

e VBR: Vector base register

* RS: Repeat start register (DSP mode only)
* RE: Repeat end register (DSP mode only)
e MOD: Modulo register (DSP mode only)

The system registers are accessed by the LDS/STS instructions (the PC is software-accessible, but
isincluded here because its contents are saved in, and restored from, SPC in exception handling).
The system registers are;

e MACH: Multiply and accumulate high register
*  MACL: Multiply and accumulate low register
* PR: Procedure register

e PC: Program counter
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This section explains the usage of these registers in different modes.
Figures 2.1 and 2.2 show the register configuration in each processing mode.

Switching between user mode and privileged mode is carried out by means of the operation mode
bit (MD) in the status register.

The DSP mode is switched by means of the DSP bit in the status register (see figure 2.5).
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31 31 31
RO_BANKO*1 *2 RO_BANK1*1*3 RO_BANKO*1 *4
R1_BANK0™2 R1_BANK1™ R1_BANKO™
R2_BANK0*™2 R2_BANK1™ R2_BANKO™
R3_BANK0™2 R3_BANK1™3 R3_BANKO™
R4_BANKO™2 R4_BANK1™ R4_BANKO™
R5_BANK0™2 R5_BANK1™3 R5_BANKO™
R6_BANK0*™2 R6_BANK1™3 R6_BANKO™
R7_BANK0™2 R7_BANK1™3 R7_BANKO™
R8 R8 R8
R9 R9 R9
R10 R10 R10
R R R
R12 R12 R12
R13 R13 R13
R14 R14 R14
R15 R15 R15
SR SR SR

SSR SSR
GBR GBR GBR
MACH MACH MACH
MACL MACL MACL
PR PR PR
VBR VBR
PC PC PC
SPC SPC
RO_BANKO*1 *4 RO_BANK1*1*3
R1_BANKO™ R1_BANK1™3
R2_BANKO™ R2_BANK1™3
R3_BANKO™ R3_BANK1™
R4_BANKO™ R4_BANK1™
R5_BANKO™ R5_BANK1™3
R6_BANK0™ R6_BANK1™3
R7_BANK0* R7_BANK1™3

(a) User mode register

configuration

Notes: 1.

2.
3.

(b) Privileged mode register (c) Privileged mode register
configuration (RB = 1)

configuration (RB = 0)

The RO register is used as an index register in indexed register indirect addressing mode
and indexed GBR indirect addressing mode.
Bank register
Bank register
Accessed as a general register when the RB bit is set to 1 in the SR register.
Accessed only by LDC/STC instructions when the RB bit is cleared to 0.
Bank register
Accessed as a general register when the RB bit is cleared to 0 in the SR register.
Accessed only by LDC/STC instructions when the RB bit is set to 1.

Figure2.1 Register Configuration in Each Processing Mode (1)
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39 32 31 0
AOG AO
A1G A1
MO
M1
X0
X1
YO
Y1

DSR

RS
RE
MOD

(d) DSP mode register configuration (DSP = 1)

Figure2.2 Register Configuration in Each Processing Mode (2)
Register values after areset are shown intable 2.1.

Table2.1 Initial Register Values

Type Registers Initial Value®
General registers RO to R15 Undefined
Control registers SR MD bit=1, RBbit=1, BL bit=1, I3

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

GBR, SSR, SPC Undefined
VBR H'00000000
RS, RE Undefined
MOD Undefined
System registers MACH, MACL, PR Undefined
PC H'A0000000
DSP registers A0, AOG, Al, A1G, MO, M1, Undefined
X0, X1, YO, Y1
DSR H'00000000

Note: * Initialized by a power-on or manual reset.
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211 General Registers

There are sixteen 32-bit general registers (Rn), designated RO to R15. The general registers are
used for data processing and address cal culation.

With SuperH microcomputer type instructions, RO is used as an index register. With a number of
instructions, RO isthe only register that can be used. R15 is used as the stack pointer (SP). In
exception handling, R15 is used to reference the stack when saving and restoring the status register
(SR) and program counter (PC).

With DSP type instructions, eight of the sixteen general registers are used for addressing of X and
Y data memory and datamemory (single data) that uses the L-bus.

To access X memory, R4 and R5 are used as the X address register [Ax] and R8 is used as the X
index register [1x]. To access Y memory, R6 and R7 are used asthe Y address register [Ay] and
RO isused asthe Y index register [ly]. To access single data that uses the L-bus, R2, R3, R4, and
R5 are used as the single data address register [As] and R8 is used as the single data index register

[19].

Figure 2.3 shows the general registers, which are identical to those of the SH3, when DSP
extension is disabled.

31 0
RO "2 General Registers (when not in DSP mode)
R1"2
R2*2 Notes: 1. RO functions as an index register in the
R3™2 indexed register-indirect addressing mode
R4 and indexed GBR-indirect addressing mode.
_ In some instructions, only RO can be used as
R5™ the source register or destination register.
R6*2 2. RO-R7 are banked registers. In user mode,
R7*2 BANKO is used. In privileged mode, SR.RB
RS specifies BANK.
R9 SR.RB = 0; BANKO is used
SR.RB = 1; BANK1 is used
R10
R11
R12
R13
R14
R15

Figure2.3 General Purpose Registers (Not in DSP Mode)
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On the other hand, registers R2—R9 are also used for DSP data address cal culation when DSP
extension is enabled (see figure 2.4). Other symbolsthat represent the purpose of the registersin

DSP typeinstructionsis shown in| ].

31

RO

R1

R2 [As]

R3 [As]

R4 [As, Ax]

R5 [As, AX]

R6 [Ay]

R7 [AY]

R8 [Ix, Is]

R9[ly]

R10

R11

R12

R13

R14

R15

General Registers (DSP mode enabled)

X orY data transfer operation
R4, 5 [Ax]: Address register set for X data memory.
R8 [x]: Index register for address register set Ax.

R6, 7 [Ay]: Address register set for Y data memory.
R9 [ly]: Index register for address register set Ay.

Single data transfer operation
R2-5 [As]: Address register set for memory.
R8 [Is]: Index register for address register set As.

Figure2.4 General Purpose Registers (DSP Mode)

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

R8[1x], R4,5[AX] for X memory access, and RI[ly], R6,7[Ay] for Y memory access.

The symbols R2—R9 are used by the assembler, but users can use the register name (alias) to
indicate the purpose of the register in the DSP instruction. The coding in assembler is as follows.

Ix: .REG (R8)
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The name Ix isthe alias for R8. Other aliases are as follows.

Ax0: .REG (R4)
Axl: .REG (R5)
I x: .REG (R8)
Ay0: .REG (R6)
Ayl: .REG (R7)
ly: .REG (R9)
AsO: .REG (R4) ; Thisisoptiona, if another aliasisrequired for single datatransfer.
Asl: .REG (R5) ; Thisisoptiona, if another aliasisrequired for single datatransfer.
As2: .REG (R2)
As3: .REG (R3)
I's: .REG (R8) ; Thisisoptional, if another aliasisrequired for single data transfer.

21.2 Control Registers

The SH7729R has 8 control registers: SR, SSR, SPC, GBR, VBR, RS, RE, and MOD (figure 2.5).
SSR, SPC, GBR and VBR are the same as the SH-3 registers.

In SR, there are six additional control bits: RC[11:0], RFO, RF1, DMX, DMY and DSP. Bits
DMX, DMY, RC[11:0], and RF[1:0] can be modified in privileged mode, privileged DSP mode,
and use DSP mode. DM X and DMY are used for modulo addressing control. If DMX is1, the
modulo addressing mode is effective for the X memory address pointer, Ax (R4 or R5). If DMY is
1, the modulo addressing mode is effective for the Y memory address pointer, Ay (R6 or R7).
However, both X and Y address pointers cannot be operated in modulo addressing mode even
though both DM X and DMY bits are set. The case where DMX = DMY = lisreserved for future
expansion. Modulo addressing is available for X and Y data transfer operations (MOV X and
MOVY), but not for asingle data transfer operation (MOVS).

RF1 and RFO hold information on the number of repeat steps, and are set when a SETRC
instruction is executed. When RF[1:0] = 00, the current repeat module consists of oneinstruction
step. RF[1:0] = 01 means two instruction steps, RF[1:0] = 11 means three instruction steps, and
RF[1:0] = 10 means the current repeat module consists of four or more instructions.

Although RC[11:0] and RF[1:0] can be changed by a store/load to SR, use of the dedicated
manipulation instruction SETRC is recommended.
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SR aso has a 12-bit repeat counter, RC, which is used for efficient loop control. The repeat start
register (RS) and repeat end register (RE) are also provided for loop control. They hold the start
and end addresses of aloop (the contents of the RS and RE registers are dightly different from the
actual loop start and end addresses). The modulo register, MOD, is provided to implement modulo
addressing for circular data buffering. MOD holds the modulo start address (MS) and modulo end
address (ME).

In order to access RS, RE, and MOD, load/store (control register) instructions for these registers
are provided. An example for RSisasfollows:

LDC Rm RS; Rm - RS
LDC.L @m, RS, (R1M) - RS, Rm4 - Rm
STC RS, Rn; RS - Rn

STC.L RS, @Rn; Rn-4 - Rn, RS - (Rn)
Address set instructions for RS and RE are also provided.

LDRS @disp,PC); disp x 2 + PC - RS
LDRE @disp,PC); disp x 2 + PC - RE
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31

OMD RB BL! RC

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

0-0 'DSPDMYDMXM Q 13 12 11 I0RFIRFO'S T| SR (Status register)

MD bit:

RB bit:

BL bit:

RC [11:0]:
DSP bit:

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

T bit:

Processing mode bit
MD = 1: Privileged mode
MD = 0: User mode

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

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

RB =0: RO_BANKO to R7_BANKO are used as general registers.
RO_BANK1 to R7_BANK?1 accessed by LDC/STC instructions.

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

12-bit repeat counter

DSP operation mode
DSP = 1: DSP instructions (LDS Rm, DSR/A0/X0/X1/Y0/Y1,
LDS.L @Rm+, DSR/A0/X0/X1/Y0/Y1,
STS DSR/A0/X0/X1/Y0/Y1, Rn,
STS.L DSR/A0/X0/X1/Y0/Y1, @-Rn,
LDC Rm, RS/RE/MOD,
LDC.L @Rm+, RS/RE/MOD,
STC RS/RE/MOD,Rn,
STC.L RS/RE/MOD, @-Rn,
LDRS, LDRE, SETRC, MOVS, MOVX, MOVY,
Pxxx) are enabled.
DSP = 0: All DSP instructions are treated as illegal instructions; only SH3 instructions are
supported.

Modulo addressing enable for Y side

Modulo addressing enable for X side

Used by DIVOU/S and DIV1 instructions.

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

Used by the MAC instructions and DSP data.

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

Reserved bits [bit31, bits15 to 13]: Always read as 0, and should always be written with 0.

e

Used in DSP mode.

Figure2.5 Control Registers
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31 0

| SSR | Saved status register
31 0
| SPC | Saved program counter
31 0
| GBR | Global base register
31 0
| VBR | Vector base register
31 0
| RS | Repeat start register
31 0
| RE | Repeat end register
31 16 15 0

MOD | ME(Modulo end address) MS(Modulo start address) | Modulo register

Saved status register (SSR)
Stores current SR value at time of exception and returns value to SR when returning to instruction
stream from exception or interrupt handler.

Saved program counter (SPC)
Stores current PC value at time of exception to indicate return address on completion of exception
handling.

Global base register (GBR)
Stores base address of GBR-indirect addressing mode. The GBR-indirect addressing mode is used for
data transfer and logical operations on the on-chip peripheral module register area.

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

Repeat start register (RS)
Used in DSP mode only. Indicates start address of repeat loop.

Repeat end register (RE)

Used in DSP mode only. Indicates end address of repeat loop.

Modulo register(MOD)

Used in DSP mode only.

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

In X/Y operand address generation, the CPU compares the address with ME, and if it is the same,
loads MS in either the X or Y operand address register (depending on bits DMX and DMY in the SR
register).

Figure2.5 Control Registers (cont)
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Details of the status register (SR) when STC/LDC instructions are used are shown bel ow.

1. Whenthe DSP is hot operating, operation is the same as for the SH-3.
2. Inprivileged DSP mode, operation is the same asin privileged mode.
3. Inuser DSP mode, SR can be read with an STC instruction.
4

In user DSP mode, an LDC instruction can be issued for SR, but in this case DSP-related bits
are not write-protected.

Table2.2 Operation of SR Bitsin Each SH-3 DSP Mode

Privileged Privileged  User DSP gg??e-sRseltgted
Mode User Mode DSP Mode Mode P
Bit with
MD=1& MD=0& MD=1& MD=0& Dedicated Initial Value after
Field DSP =0 DSP =0 DSP=1 DSP=1 Instruction Reset
MD S:OK, L: OK S, L: Invalid S:OK,L: OK  S: OK, L: NG 1
instruction
RB S:OK, L: OK S, L: Invalid S:OK,L: OK  S: OK, L: NG 1
instruction
BL S:OK, L: OK S, L: Invalid S:OK,L: OK S: 0K, L: NG 1
instruction
RC S:OK, L: OK S, L: Invalid S:OK,L:OK S: 0K, L:OK SETRC 000000000000
[11:0] instruction instruction
DSP S:OK, L: OK S, L: Invalid S:OK,L: OK S: OK, L: NG 0
instruction
DMX S:OK, L: OK S, L: Invalid S: OK,L: OK S:OK, L: OK 0
instruction
DMY S:OK, L: OK S, L: Invalid S: OK,L: OK S:OK, L: OK 0
instruction
Q S:OK, L: OK S, L: Invalid S:OK,L: OK S: OK, L: NG X
instruction
M S:OK, L: OK S, L: Invalid S:OK,L: OK  S: OK, L: NG X
instruction
1[3:0] S:OK, L: OK S, L: Invalid S:OK,L: OK S:OK, L: NG 1111
instruction
RF[1:0] S:OK,L: OK S, L: Invalid S:OK,L:OK S: 0K, L:OK SETRC X
instruction instruction
S S:OK, L: OK S, L: Invalid S:OK,L: OK  S: OK, L: NG X
instruction
T S:OK, L: OK S, L: Invalid S:OK,L: OK S: 0K, L: NG X
instruction

Legend

S (STC): Store SR to Rn,SR->Rn

L (LDC): Load Rn to Sr,Rn->SR

OK: STC/LDC operation is enabled.

Invalid instruction: Exception occurs when an invalid instruction is executed.
NG: Previous value is retained. No change.
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213 System Registers

The SH7729R has four system registers, MACL, MACH, PR, and PC (figure 2.6).

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

Indicates the start address of the current instruction.

Figure2.6 System Registers

The DSR, A0, X0, X1, YO, and Y 1 registers are also treated as system registers. Therefore,
instructions for data transfer between general registers and system registers are supported for these
registers.

214 DSP Registers

The SH7729R has eight data registers and one status register as DSP registers (figure 2.7). The
data registers are 32-bit width with the exception of registers AO and A1. Registers A0 and Al
include 8 guard bits (fields AOG and A1G), giving them atotal width of 40 hits.

Three kinds of operation access the DSP data registers. The first is DSP data processing. When a
DSP fixed-point data operation uses AO or A1 as the source register, it uses the guard bits (bits
39-32). When it uses A0 or A1 as the destination register, guard bits 39-32 are valid. When a DSP
fixed-point data operation uses a DSP register other than AO or A1 asthe source register, it sign-
extends the source value to bits 39-32. When it uses one of these registers as the destination
register, bits 39-32 of the result are discarded.

The second kind of operationisan X or Y datatransfer operation, “MOVX.W MOVY.W”. This
operation accesses the X and Y memories through the 16-bit X and Y data buses (figure 2.8). The
register to be loaded or stored by this operation always comprises the upper 16 bits (bits 31-16).
X0 or X1 can be the destination of an X memory load and YO or Y 1 can be the destination of a'Y
memory load, but no other register can be the destination register in this operation. When dataiis
read into the upper 16 bits of aregister (bits 31-16), the lower 16 bits of the register (bits 15-0)
are automatically cleared.

A0 and Al can be stored inthe X or Y memory using the X or Y datatransfer instructions
MOV X.W and MOVY .W, but no other registers can be stored.

Rev. 5.0, 09/03, page 30 of 806
RENESAS




Thethird kind of operation is a single-data transfer instruction, “MOVS.W” or “MOVS.L". These
instructions access any memory location through the LDB (figure 2.8). All DSP registers connect
to the LDB and can be the source or destination register of the data transfer. These instructions
have word and longword access modes. In word mode, registers to be loaded or stored by this
instruction comprise the upper 16 bits (bits 31-16) for DSP registers except AOG and A1G. When
dataisloaded into aregister other than AOG and A1G in word mode, the lower half of the register
iscleared. When AO or Al isused, the datais sign-extended to bits 39-32 and the lower half is
cleared. When AOG or A1G isthe destination register in word mode, datais loaded into an 8-bit
register, but AO or Alisnot cleared. In longword mode, when the destination register isAQ or A1,
it is sign-extended to bits 39-32.

Tables 2.3 and 2.4 show the data type of registers used in DSP instructions. Some instructions
cannot use some registers shown in the tables because of instruction code limitations. For

example, PMULS can use A1 as the source register, but cannot use AO. These tablesignore details
of register selectability.

Table2.3 Destination Register in DSP I nstructions

) ] Guard Bits Register Bits
Registers Instructions
39 32|31 16|15 0
A0, Al DSP Fixed-point, PSHA, Sign-extended 40-bit result
PMULS
Integer, PDMSB Sign-extended 24-bitresult  |Cleared
Logical, PSHL Cleared 16-bitresult  |Cleared
Data MOVS.W Sign-extended |16-bit data Cleared
transfer MOVS.L Sign-extended |32-bit data
AOG, A1G |Data MOVS.W Data No update
transfer  fyovs.L Data No update
X0, X1 DSP Fixed-point, PSHA, 32-bit result
Y0, Y1 PMULS
MO, M1 Integer, logical, 16-bit result Cleared
PDMSB, PSHL
Data MOVX/Y.W, MOVS.W 16-bit result Cleared
transfer  movs.L 32-bit data
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Table2.4  SourceRegister in DSP Operations

. . Guard Bits Register Bits
Registers Instructions
39 32|31 16|15
A0, Al DSP Fixed-point, PDMSB, 40-bit data
PSHA
Integer 24-bit data
Logical, PSHL, PMULS 16-bit data
Data MOVX/Y.W, MOVS.W 16-bit data
transfer  yoys.L 32-bit data
AOG, A1G |Data MOVS.W Data
transfer  fyoys.L Data
X0, X1 DSP Fixed-point, PDMSB, Sign* 32-bit data
YO0, Y1 PSHA
MO, M1 Integer Sign* 16-bit data
Logical, PSHL, PMULS 16-bit data
Data MOVS.W 16-bit data
transfer  \movs.L 32-bit data
Note: * The data is sign-extended and input to the ALU.
39 3231 0
AOG A0
A1G A1
MO
M1
X0
X1
YO
Y1
(a) DSP Data Registers
31 8,7,6,5,4,3 2 1,0
---------------------------- GT|z|N|V|cs[20] D

(b) DSP Status Register (DSR)

Reset status
DSR: All zeros
Others: Undefined

Figure2.7 DSP Registers
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Table2.5

DSR Register Bits

Bits Name (Abbreviation) Function
31-8 Reserved bits 0: Always read as 0; always use 0 as the write value
7 Signed Greater Than bit  Indicates that the operation result is positive (except
(GT) 0), or that operand 1 is greater than operand 2
1: Operation result is positive, or operand 1 is greater
than operand 2
6 Zero bit (2) Indicates that the operation result is zero (0), or that
operand 1 is equal to operand 2
1: Operation result is zero (0), or operand 1 is equal
to operand 2
5 Negative bit (N) Indicates that the operation result is negative, or that
operand 1 is smaller than operand 2
1: Operation result is negative, or operand 1 is
smaller than operand 2
4 Overflow bit (V) Indicates that the operation result has overflowed
1: Operation result has overflowed
3-1 Condition Select bits (CS) Designate the mode for selecting the operation result
status to be set in the DC bit
Do not set these bits to 110 or 111
000: Carry/borrow mode
001: Negative value mode
010: Zero mode
011: Overflow mode
100: Signed greater mode
101: Signed greater than or equal to mode
0 DSP Condition bit (DC)  Sets the status of the operation result in the mode

designated by the CS bits
0: Designated mode status has not occurred (false)
1: Designated mode status has occurred
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LDB
XDB
YDB

16 bit
16 bit

A

8 bit 32 bit
MOVS.W, MOVXW MO\L‘W MOVS.W,
MOVS.L 31 16 MOVS.L
39 | 32 — 0
AOG AO

A1G Al
MO
DSR Ve
X0
X1
Y0
vi

RAR

Figure2.8 Connections of DSP Registersand Buses

The DSP unit has one DSP status register (DSR). DSR holds the status of DSP data operation
results (zero, negative, and so on) and has a DC bit which is similar to the T bit in the CPU. The
DC hit indicates one of the status flags. A DSP data processing instruction controlsits execution
based on the DC bit. This control affects only the operations in the DSP unit; it controls the update
of DSP registers only. It cannot control operations in the CPU, such as address register updating
and load/store operations. Control bits CS[2:0] specify the condition to be reflected in the DC bit.

Unconditional DSP type data operations, except PMULS, MOV X, MOVY and MOV S, update the
condition flags and DC hit, but no CPU instructions, including MAC instructions, update the DC
bit. Conditional DSP type instructions do not update DSR either.

DSRisassigned as a system register and the following load/store instructions are provided:

STS DSR, Rn;
STS. L DSR, @ Rn;
LDS Rn, DSR;
LDS. L @rn+, DSR;

When DSR is read by an STSinstruction, the upper bits (bits 31 to 8) are all 0.
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2.2 Data Formats

221 Register Data Format (Non-DSP Type)

Register operands are always longwords (32 hits) (figure 2.9). When the memory operand is only
abyte (8 hits) or aword (16 hits), it is sign-extended into a longword when loaded into aregister.

31 0
| Longword

Figure2.9 Longword Operand

222 DSP-Type Data For mats

The SH7729R has several different dataformats that depend on the instruction. This section
explains the data formats for DSP type instructions.

Figure 2.10 shows three DSP-type data formats with different binary point positions. A CPU-type
data format with the binary point to the right of bit 0 is aso shown for reference.

The DSP-type fixed point dataformat has the binary point between bit 31 and bit 30. The DSP-
type integer format has the binary point between bit 16 and bit 15. The DSP-type logical format
does not have a binary point. The valid data lengths of the data formats depend on the instruction
and the DSP register.
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DSP type fixed point

39 31 30 0
With guard bits  |s| | | | ~28t0+28 273"
A
31 30 0
Without guard bits |S| | ~1to+1-2731
A
39 31 30 16 15 0
Multiplier input | Is| | 11041275
A
DSP type integer
39 3231 16 15 0
With guard bits |5 | | 22210 +223 -1
A
31 16 15 0
Without guard bits s | 25t0+215 -1
A
Shift amount for 31 2216 15 0
arithmetic shift (PSHA) | ls] | 32t0+32
A
Shift amount for 31 2116 15 0
logical shift (PSHL) | ls] | ~16t0+16
A
39 31 16 15 0
DSP type logical | |
CPU type integer
P 9 31 0
Longword |S| —231t0 +231 _1
S: Sign bit A : Binary point I:I : Does not affect the operations

Figure2.10 Data Formats

The shift amount for the arithmetic shift (PSHA) instruction has a 7-bit field that can represent
values from —64 to +63, but —32 to +32 are valid numbers for the instruction. Also the shift
amount for alogical shift operation has a 6-bit field, but —16 to +16 are valid numbers for the
instruction.
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2.2.3 Memory Data Formats

Memory data formats are classified into byte, word, and longword. Byte data can be accessed from
any address, but an address error will occur if word data starting from an address other than 2n or
longword data starting from an address other than 4n is accessed. In such cases, the data accessed
cannot be guaranteed (figure 2.11).

Address A + 1 Address A+3 Address A + 11 Address A+ 9
Address A Address A + 2 Address A + 10 Address A + 8
31 $ 23 15 l 7 0 31 23¢ 15 7 i 0
Address A —»| Byte 0 | Byte1 | Byte2 | Byte3 Byte3 | Byte2 | Byte1 | Byte0 |«— AddressA+8
Address A + 4 —p Word 0 Word 1 Word 1 Word 0 <«— Address A + 4
Address A + 8 —pf Longword Longword -«— Address A
Big-endian mode Little-endian mode

Figure2.11 Byte, Word, and Longword Alignment

Either big-endian or little-endian byte order can be selected for the data format, according to the
MD?5 pin at reset. When MD5 islow at reset, this LS| operatesin big-endian mode. When MD5 is
high at reset, this LS| operatesin little-endian mode.

2.3 Features of CPU Core Instructions
The CPU core instructions are RI SC-type instructions with the following features:

Fixed 16-Bit Length: All instructions have a fixed length of 16 bits. Thisimproves program code
efficiency.

Onelnstruction per State: Pipelining is used, and basic instructions can be executed in one state.

Data Size: The basic data size for operationsislongword. Byte, word, or longword can be
selected as the memory access size. Memory byte or word datais sign-extended and operated on
as longword data. Immediate data is sign-extended to longword size for arithmetic operations or
zero-extended to longword size for logical operations.
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Table2.6 Word Data Sign Extension

SH7729R CPU Description Example of Other CPU
MOV.W  @(disp,PC),R1 R1 sign-extended to 32 hits, ADD.W  #H'1234,R0
ADD R1,RO becomes H'00001234, and is

then operated on by the ADD
~~~~~~~~ instruction.

.DATAW H'1234
Note: Immediate data is referenced by @(disp,PC).

L oad/Store Architecture: Basic operations are executed between registers. In operations
involving memory, dataisfirst loaded into aregister (Ioad/store architecture). However, bit
mani pulation instructions such as AND are executed directly on memory.

Delayed Branching: Unconditional branch instructions, etc., are executed as delayed branches.
With a delayed branch instruction, the branch is made after execution of the instruction (called the
dot instruction) immediately following the delayed branch instruction. This minimizes disruption
of the pipeline when a branch is made.

With a delayed branch, the actual branch operation occurs after execution of the slot instruction.
However, instruction execution for register updating, etc., excluding the branch operation, is
performed in delayed branch instruction — delay ot instruction order. For example, even though
the contents of the register holding the branch destination address are changed in the delay slot,
the branch destination address remains as the register contents prior to the change.

Table2.7 Delayed Branch Instructions

SH7729R CPU Description Example of Other CPU
BRA TRGET ADD is executed before branch to ADD.W R1,R0O
ADD R1,RO TRGET. BRA  TRGET

M ultiply/M ultiply-and-Accumulate Operations: A 16 x 16 — 32 multiply operationis
executed in 1 to 3 states, and a 16 x 16 + 64 — 64 multiply-and-accumulate operationin 2 to 3
states. A 32 x 32 - 64 multiply operation and a32 x 32 + 64 - 64 multiply-and-accumulate
operation are each executed in 2 to 5 states.
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T Bit: The result of acomparison isindicated by the T bit in the status register (SR), and a
conditional branch is performed according to whether the result is True or False.

Table2.8 T Bit

SH7729R CPU Description Example of Other CPU
CMP/GE R1,RO If RO = R1, the T bit is set. CMP.W R1,RO

BT TRGETO A branch is made to TRGETO BGE TRGETO

BE TRGET1 if RO 2 R1, or to TRGETL1 if RO < R1. BLT TRGET1

ADD #-1,R0 The T bit is not set by ADD. SUB.W #1,R0
CMP/EQ #0,R0 If RO =0, the T bit is set. BEQ TRGET

BT TRGET A branch is made if RO = 0.

Immediate Data: Byte immediate data is placed inside the instruction code. Word and longword
immediate data is not placed inside the instruction code, but in atable in memory. The tablein
memory is referenced with an immediate data transfer instruction (MOV) using PC-relative
addressing mode with displacement.

Table2.9 Immediate Data Referencing

Type SH7729R CPU Example of Other CPU
8-bit immediate MOV #H'12,R0O MOV.B #H'12,R0
16-bit immediate MOV.W  @(disp,PC),R0 MOV.W #H'1234,R0

.DATA.W H'1234
32-bit immediate MOV.L @(disp,PC),R0 MOV.L #H'12345678,R0

.DATA.L H'12345678
Note: Immediate data is referenced by @(disp,PC).
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Absolute Addresses: When datais referenced by absolute address, the absolute address value is
placed in atable in memory beforehand. Using the method whereby immediate data is loaded
when an instruction is executed, this value istransferred to aregister and the datais referenced
using register indirect addressing mode.

Table2.10 Absolute Address Referencing

Type SH7729R CPU Example of Other CPU
Absolute address MOV.L  @(disp,PC),R1 MOV.B @H'12345678,R0
MOV.B @R1,R0

.DATA.L H'12345678

16-Bit/32-Bit Displacement: When datais referenced with a 16- or 32-bit displacement, the
displacement valueis placed in atable in memory beforehand. Using the method whereby
immediate data is |oaded when an instruction is executed, this value is transferred to aregister and
the datais referenced using indexed register indirect addressing mode.

Table2.11 Displacement Referencing

Type SH7729R CPU Example of Other CPU
16-bit displacement MOV.W @(disp,PC),RO MOV.W @(H'1234,R1),R2
MOV.W @(RO,R1),R2

.DATA.W H'1234
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24 Instruction For mats

241 CPU Instruction Addressing M odes

The following table shows addressing modes and effective address cal culation methods for
instructions executed by the CPU core.

Table2.12 Addressing Modes and Effective Addressesfor CPU Instructions

Addressing Instruction Calculation
Mode Format Effective Address Calculation Method Formula
Register Rn Effective address is register Rn. —
direct (Operand is register Rn contents.)
Register @Rn Effective address is register Rn contents. Rn
indirect
Register @Rn+ Effective address is register Rn contents. A Rn
mduept with constar]t is added to Rn after instruction After instruction
post-increment execution: 1 for a byte operand, 2 for a word exacution
operand, 4 for a longword operand.
Byte:Rn+1 - Rn
M “ Word: Rn+2 - Rn
° Longword: Rn + 4
- Rn
1/2/4
Register @-Rn Effective address is register Rn contents, Byte:Rn—1 - Rn
indirect with decremented by a constant beforehand: 1 for a

pre-decrement

byte operand, 2 for a word operand, 4 for a
longword operand.

Rn - 1/2/4

Word: Rn—2 - Rn

Longword: Rn —4
- Rn

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

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

operand size. Longword: Rn +

disp x4
- Rn
disp ,

(zero-extended) + disp x 1/2/4
Indexed @(RO, Rn) Effective address is sum of register Rnand RO  Rn + RO
register indirect contents.

©

GBR indirect @(disp:8, Effective address is register GBR contents with  Byte: GBR + disp
with GBR) 8-bit displacement disp added. After disp is

displacement

zero-extended, it is multiplied by 1 (byte), 2
(word), or 4 (longword), according to the
operand size.

disp
(zero-extended)

GBR
+ disp x 1/2/4

Word: GBR + disp
x 2

Longword: GBR +
disp x4

Rev. 5.0, 09/03, page 42 of 806

RENESAS



Addressing Instruction Calculation

Mode Format Effective Address Calculation Method Formula
Indexed GBR @(RO, Effective address is sum of register GBR and GBR + RO
indirect GBR) RO contents.

PC-relative with @(disp:8, Effective address is PC with 8-bit displacement  Word: PC + disp
displacement  PC) disp added. After disp is zero-extended, it is x 2
multiplied by 2 (word) or 4 (longword), according Longword:
to the operand size. With a longword operand, PC&H'EFFEEFEC
the lower 2 bits of PC are masked.

+ disp x 4

HFFFFFFFC PC +disp x 2
or
: PC&H'FFFFFFFC
disp + disp x 4
(zero-extended)

*. With longword operand

Rev. 5.0, 09/03, page 43 of 806
RENESAS



Addressing Instruction Calculation
Mode Format Effective Address Calculation Method Formula
PC-relative disp:8 Effective address is PC with 8-bit displacement PC + disp x 2

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

disp
(sign-extended)

PC + disp x 2

disp:12 Effective address is PC with 12-bit displacement PC + disp x 2
disp added after being sign-extended and
multiplied by 2
disp PC + disp x 2
(sign-extended)
Rn Effective address is sum of PC and Rn. PC + Rn
Immediate #imm:8 8-bit immediate data imm of TST, AND, OR, —
or XOR instruction is zero-extended.
#imm:8 8-bit immediate data imm of MOV, ADD, or —
CMP/EQ instruction is sign-extended.
#imm:8 8-bit immediate data imm of TRAPA instruction —

is zero-extended and multiplied by 4.
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24.2 DSP Data Addressing

Two different memory accesses are made with DSP instructions. The two kinds of instructions are
X and Y datatransfer instructions (MOVX.W, MOVY .W) and single data transfer instructions
(MOVS.W, MOVSL). The data addressing is different for these two kinds of instruction. An

overview of the datatransfer instructionsis given in table 2.13.

Table2.13 Overview of Data Transfer Instructions

X/Y Data Transfer Processing
(MOVX.W, MOVY.W)

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

Address register

Ax: R4, R5, Ay: R6, R7

As: R2, R3, R4, R5

Index register

IX: R8, ly: R9

Is: R8

Addressing

Nop/Inc (+2)/index addition:
post-increment

Nop/Inc (+2, +4)/index addition:
post-increment

Dec (-2, —4): pre-decrement

Modulo addressing Possible Not possible

Data bus XDB, YDB LDB

Data length 16 bits (word) 16/32 bits (word/longword)

Bus contention No Yes

Memory X/Y data memory Entire memory space

Source register Dx, Dy: A0, Al Ds: AO/A1, MO/M1, X0/X1, YO/Y1,

AOG, A1G

Destination register

Dx: X0/X1, Dy: YO/Y1

Ds: AO/A1, MO/M1, X0/X1, YO/Y1,
AOG, A1G

X/Y Data Addressing: With DSP instructions, the X and Y data memory can be accessed
simultaneoudly using the MOV X.W and MOVY .W instructions. Two address pointers are
provided for DSP instructions to enable simultaneous accessto X and Y data memory. Only
pointer addressing can be used with DSP instructions; immediate addressing is not available.
Addressregisters are divided into two, with register R4 or R5 functioning as the X memory
address register (Ax), and register R6 or R7 asthe Y memory address register (Ay). The following
three kinds of addressing can be used with X and Y data transfer instructions.

1. Non-update address register addressing:
The Ax and Ay registers are address pointers. They are not updated.
2. Addition index register addressing:
The Ax and Ay registers are address pointers. After a data transfer, the value of the Ix or Iy
register is added to each (post-increment).

RENESAS

Rev. 5.0, 09/03, page 45 of 806



3. Increment address register addressing:

The Ax and Ay registers are address pointers. After a data transfer, they are each incremented
by 2 (post-increment).

Thereisan index register for each address pointer. The R8 register isthe index register (1x) for the
X memory address register (Ax), and the R register is the index register (ly) for the Y memory
addressregister (Ay).

The X and Y datatransfer instructions perform word-length processing, and use 16-bit accessto
the X/Y data memory. A value of 2 istherefore added to the address register in the increment
processing. To perform decrementing, —2 is set in the index register and addition index register
addressing is specified. In X/Y data addressing, only bits 1 to 15 of the address pointer are valid.
When using X/Y data addressing, 0 must always be written to bit 0 of the address pointer and
index register.

X/Y datatransfer addressing is shown in figure 2.12. When accessing X and Y memory using the
X and Y buses, the upper word of Ax (R4 or R5) and Ay (R6 or R7) isignored. The result of
@AY + or @Ay+ly isstored in the lower word of Ay, while the upper word retainsits original
value.

| R8[x] R4[AX] | Romy] R6[AY]
+2 (INC) ————— R5[AX] +2 (INC) ———— R7[Ay]
+0 (no update) — +0 (no update) —
ALU AU
— | —

AU: Adder provided
Note: Three address processing methods: for DSIg addressing
1. Increment
2. Index register addition (Ix/ly)

3. No increment

Post-updating is used in all cases.
The address pointer can be decremented by setting —2/—4 in the index register.

Figure2.12 X and Y Data Transfer Addressing

Single Data Addressing: DSP instructions include two single data transfer instructions
(MOVS.W, MOVS.L) that load datainto, or store datafrom, a DSP register. With these
instructions, one of registers R2 to R5 is used as the single data transfer address register (As).

The following four kinds of addressing can be used with single data transfer instructions.
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1. Non-update address register addressing:
The Asregister is an address pointer. It is not updated.

2. Addition index register addressing:
The Asregister is an address pointer. After adata transfer, the value of the Isregister is added
to the Asregister (post-increment).

3. Increment address register addressing:

The Asregister is an address pointer. After adata transfer, the Asregister isincremented by 2
or 4 (post-increment).

4. Decrement address register addressing:

The Asregister is an address pointer. Before a data transfer, —2 or -4 is added to the As
register (i.e. 2 or 4 is subtracted) (pre-decrement).

The R8 register isthe index register (Is) for the address pointer (As). Single data transfer
addressing is shown in figure 2.13.

31 0
R2[As]
31 0 R3[As]
R8[ls] R4[As]
—2/-4 (DEC)———— R5[As]
+2/+4 (INC)
+0 (no update) ——
ALU
T 32

= | AB

Note: Four address processing methods:
1. No update

2. Index register addition (Is) .
3 Increment } Post-increment
4

. Decrement Pre-decrement

Figure2.13 Single Data Transfer Addressing

Modulo Addressing: Like other DSPs, the SH7729R has a modulo addressing mode. Address
registers are updated in the same way in this mode. When the address pointer value reaches the
preset modulo end address, the address pointer value becomes the modulo start address.

Modulo addressing isonly available for the X and Y data transfer instructions (MOVX.W,
MOVY.W). Modulo addressing mode is specified for the X address register by setting the DM X
bit in the SR register, and for the Y address register by setting the DMY bit. Modulo addressing is
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valid for either the X or the Y address register, only; it cannot be set for both at the sametime.
Therefore, DMX and DMY cannot both be set simultaneoudly.

The MOD register is provided to set the start and end addresses of the modulo address area. The
MOD register contains MS (Modulo Start) and ME (Modulo End). An example of the use of the
MOD register (MS and ME fields) is shown below.

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

LDC Rn, MOD; ME=MbdEnd, MS=ModSt art
MbdAddr: . DATA. W MdEnd

. DATA. W MdStart

ModSt art: . DATA

ModEnd: . DATA

The start and end addresses are specified in MS and ME, then the DMX or DMY bitissetto 1.
The address register contents are compared with ME, and if they match, start address M Siis stored
in the address register. The lower 16 bits of the address register are compared with ME.

The maximum modulo sizeis 64 kbytes. Thisis sufficient to accessthe X and Y data memory. A
block diagram of modulo addressing is shown in figure 2.14.

Instruction (MOVX/MOVY)
31 1615 0 DMX | DMY 31 1615 0

31 0 R4[AX] R6[AY] 31 0
[ R8[x] | R5[AX] CONT R7[Ay] [ ROlly]
u g | _
i NI [0
—
MS
ALU AU
CMP
v 15 1 v
XAB YAB

Figure2.14 Modulo Addressing
An example of modulo addressing is given below.
M5 = H 7008; MeE=H 700C, R4=H A5007008;

DVWX = 1; DM = 0: (Modulo addressing setting for addressregister Ax (R4, R5))
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Asaresult of the above settings, the R4 register changes as follows.

R4:
I nc. R4:
I nc. R4:
I nc. R4:

H A5007008
H A500700A
H A500700C

H A5007008 (Reaches modulo end address, so becomes modulo start address)

Place the data so that the upper 16 bits of the modulo start and end addresses are the same. Thisis
because the modulo start address overwrites only the lower 15 bits of the address register,

excluding bit 0.

Note: When addition indexing is used for DSP data addressing, the address pointer may exceed
the ME value without actually reaching it. In this case, the address pointer will not return
to the modulo start address. Not only with modulo addressing, but when X and Y data
addressing is used, bit O isignored. 0 must always be written to bit O of the address
pointer, index register, MS, and ME.

243 CPU Instruction For mats

Table 2.14 shows the instruction formats, and the meaning of the source and destination operands,
for instructions executed by the CPU core. The meaning of the operands depends on the

instruction code. The following symbols are used in the table.

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

RENESAS
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Table2.14 CPU Instruction Formats

Instruction Format

Source
Operand

Destination
Operand

Sample Instruction

0 type — — NOP
15 0
| XXXX  XXXX XXXX  XXXX |
n type — nnnn: register MOV T Rn
15 0 direct
| xxxx| nnnn | XXXX  XXXX | Control register or nnnn: register STS MACH,Rn
system register direct
Control register or nnnn: pre- STC.L SR,@-Rn
system register decrement register
indirect
m type nmm register Control register or LDC Rm,SR
15 o direct system register
| XXXX |mmmm| XXXX  XXXX nmmm post- Control register or LDC.L @Rm+,SR
increment register  system register
indirect
nmmm register — JMP @Rm
indirect
PC-relative using — BRAF Rm

Rm
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Instruction Format

Source
Operand

Destination
Operand

Sample Instruction

nm type
15

nmm register
direct

nnnn: register
direct

ADD Rm,Rn

| XXXX | nnnn |mmmm| XXXX |

nmmm register
indirect

nnnn: register
indirect

MOV.L Rm,@Rn

mmm post-

MACH, MACL

increment register
indirect (multiply-
and-accumulate
operation)

nnnn: * post-
increment register
indirect (multiply-
and-accumulate

operation)

MAC.W @Rm+,@Rn+

mmm post-

increment register

indirect

nnnn: register
direct

MOV.L @Rm+,Rn

nmmm register
direct

nnnn: pre-

decrement register

indirect

MOV.L Rm,@-Rn

nmm register
direct

nnnn: indexed
register indirect

MOV.L Rm,@(RO,Rn)

nmmmdddd:
register indirect

with displacement

RO (register direct)

MOV.B @(disp,Rm),R0O

RO (register direct)

nnnndddd:
register indirect

with displacement

MOV.B RO,@(disp,Rn)

md type
15 0
| XXXX  XXXX |mmmm| dddd |
nd4 type
15 0
| XXXX  XXXX | nnnn | dddd |
nmd type
15 0

| XXXX | nnnn|mmmm| dddd |

nmm register
direct

nnnndddd:
register indirect

with displacement

MOV.L Rm,@(disp,Rn)

nmmmdddd:
register indirect

with displacement

nnnn: register
direct

MOV.L @(disp,Rm),Rn

Note: * In multiply-and-accumulate instructions, nnnn is the source register.
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Source Destination
Instruction Format Operand Operand Sample Instruction
d type dddddddd: GBR RO (register direct) MOV.L @(disp,GBR),R0
15 0 indirect with
XXXX  Xxxx | dddd dddd | displacement
RO (register direct) dddddddd: GBR  MOV.L
indirect with @RO,@(disp,GBR)
displacement
dddddddd: RO (register direct) MOVA @(disp,PC),R0
PC-relative with
displacement
dddddddd: — BF label
PC-relative
d12 type dddddddddddd: — BRA label
15 o PC-relative (label=disp+PC)
| x0o | dddd  dddd  dddd |
nd8 type dddddddd: PC- nnnn: register MOV.L @(disp,PC),Rn
15 0 relative with direct
| XXXX | nnnn | dddd dddd | displacement
i type piiiiiii: Indexed GBR AND.B #imm,@(R0,GBR)
15 o immediate indirect
| XXXX  XXXX | Piii i | piiiiiii: RO (register direct) AND  #imm,R0
immediate
pidiiiiii: — TRAPA #imm
immediate
ni type piiiiiii: nnnn: register ADD  #imm,Rn
15 o immediate direct

| XXXX | nnnn| iiii
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244 DSP Instruction For mats

The SH7729R includes new instructions for digital signal processing. The new instructions are of

the following two kinds.

1. Memory and DSP register double and single data transfer instructions (16-bit length)
2. Pardlel processing instructions processed by the DSP unit (32-bit length)

The instruction formats are shown in figure 2.15.

CPU core instructions

Double data transfer
instructions

Single data transfer
instructions

Parallel processing
instructions

15 0
0000
1110
15 109 0
111100 A field
15 10 9 0
111101 A field
31 26 25 16 15 0
111110 A field B field

Figure2.15 DSP Instruction Formats
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Double and Single Data Transfer Instructions: The format of double data transfer instructions

isshown in table 2.15, and that of single data transfer instructionsin table 2.16.

Table2.15 Double Data Transfer Instruction Formats

Type

Mnemonic

15\14\13\12\11\10

X memory
data
transfer

NOPX

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

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

1 1 1 1 0 O

O‘O &)]

P P Ok P OO W

k O KRk O FLP|IO|N

Y memory
data
transfer

NOPY

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

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

R P O|lFRr B O|O

R O FP|Fkr O F|O

Note: Ax:
Ay:

Dx:
Dy:
Da:

0=R4,1=R5
0=R6,1=R7
0=X0,1=X1
0=Y0,1=Y1
0=A0,1=A1
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Table2.16 Single Data Transfer Instruction Formats

Type Mnemonic 15\14\13\12\11\10 9‘8 7‘6‘5‘4 3\2
Single MOVS.W @-As,Ds 1 1 1 1 0 1 As Ds 0:(*) 0O 0|0
?rgtnasfer MOVS.W @As,Ds O:R4 1:(%) 0 1

MOVS.W @As+,Ds 1:R5 2:(*) 10
MOVS.W @As+ls,Ds 2:R2 3:(%) 1 1
MOVS.W Ds,@-As 3:R3 4:(%) 0 0/ 01
MOVS.W Ds,@As 5:A1 0 1
MOVS.W Ds,@As+ 6:(*) 10
MOVS.W Ds,@As+Is 7:A0 1 1
MOVS.L @-As,Ds 8:X0 0 0/1/0
MOVS.L @As,Ds 9:x1 0 1
MOVS.L @As+,Ds A:YO 10
MOVS.L @As+ls,Ds B:Y1 11
MOVS.L Ds,@-As C:MO 0 0/1]1
MOVS.L Ds,@As D:AIG |0 1
MOVS.L Ds,@As+ E:M1 10
MOVS.L Ds,@As+ls FAG |1 1

Note: * Codes reserved for system use.

Parallel Processing Instructions: Parallel processing instructions are provided for efficient
execution of digital signal processing using the DSP unit. They are 32 bitslong and allow four
simultaneous processes, an ALU operation, multiplication, and two data transfers.

Parallel processing instructions are divided into an A field and aB field. The A field defines data
transfer instructions and the B field an ALU operation instruction and multiply instruction. These
instructions can be defined independently, and the processing is executed in parallel,
independently and simultaneously. A-field parallel data transfer instructions are shown in table
2.17, and B-field ALU operation instructions and multiply instructionsin table 2.18.
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lV=1'0v=0 eq
LA=1'0A=0 *Aq
IX=1'0X=0 xa
[d=1'94=0 Ay
GY=1‘v¥=0 Xy 910N

Table2.17 A-Field Parallel Data Transfer |nstructions

[ A+Av®@ ‘e M'AAOW
01 +Av@ ‘e M AANOIN
) L eq Av® ‘ed M'AAOW
POy g Lol Bl AQ ‘AI+AV® M AAOIN
01 AQ ‘+Av@® M AAON Joysuely
L 0 o |Aa| |Av AQ ‘“Av®@ M AAON ejep
00 o [ol (o] [0 v b b b4 AJON | Asowsw A
Lol XI+Xy® ‘8a M XAOW
01l +XV® ‘ed M"XAOW
) L] |ea Xv® ‘ed M XAOW
R R XQ X+X¥® M XAON
pioy g , .
01 XQ +Xv® M'XAOW |  Jeysuen
L ol |o] [xa| |xv XA ‘XY@ M XAOW ejep
ool (o] [o] [oJo b v 1 11 XdON | Aiowsw X
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25 I nstruction Set

25.1 CPU Instruction Set

The SH-1/SH-2/SH-3 compatibl e instruction set consists of 68 basic instruction types divided into
six functional groups, as shown in table 2.19. Tables 2.20 to 2.25 show the instruction notation,
machine code, execution time, and function.

Table2.19 CPU Instruction Types

Kinds of Number of
Type Instruction Op Code Function Instructions
Data transfer 5 MOV Data transfer 39
instructions Immediate data transfer
Peripheral module data transfer
Structure data transfer

MOVA Effective address transfer

MOVT T bit transfer

SWAP Upper/lower swap

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

ADDV Binary addition with overflow check

CMP/cond  Comparison

DIV1 Division

DIVOS Signed division initialization

DIVOU Unsigned division initialization

DMULS Signed double-precision multiplication

DMULU Unsigned double-precision multiplication

DT Decrement and test

EXTS Sign extension

EXTU Zero extension

MAC Multiply-and-accumulate, double-

precision multiply-and-accumulate

MUL Double-precision multiplication
(32 x 32 bits)
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Kinds of Number of

Type Instruction Op Code Function Instructions
Arithmetic 21 MULS Signed multiplication (16 x 16 bits) 33
pperatign MULU Unsigned multiplication (16 x 16 bits)
instructions

NEG Sign inversion

NEGC Sign inversion with borrow

SUB Binary subtraction

SUBC Binary subtraction with carry

SUBV Binary subtraction with underflow
Logic 6 AND Logical AND 14
pperatign NOT Bit inversion
instructions

OR Logical OR

TAS Memory test and bit setting

TST Logical AND and T bit setting

XOR Exclusive logical OR
Shift 12 ROTL 1-bit left shift 16
instructions ROTR 1-bit right shift

ROTCL 1-bit left shift with T bit
ROTCR 1-bit right shift with T bit

SHAL Arithmetic 1-bit left shift
SHAR Arithmetic 1-bit right shift
SHLL Logical 1-bit left shift
SHLLn Logical n-bit left shift
SHLR Logical 1-bit right shift
SHLRn Logical n-bit right shift
SHAD Arithmetic dynamic shift
SHLD Logical dynamic shift
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Kinds of Number of

Type Instruction Op Code Function Instructions
Branch 9 BF Conditional branch, delayed conditional 11
instructions branch (T = 0)

BT Conditional branch, delayed conditional

branch (T = 1)

BRA Unconditional branch

BRAF Unconditional branch

BSR Branch to subroutine procedure

BSRF Branch to subroutine procedure

JMP Unconditional branch

JSR Branch to subroutine procedure

RTS Return from subroutine procedure
System 15 CLRT T bit clear 75
_control ) CLRMAC MAC register clear
instructions

CLRS S bit clear

LDC Load into control register

LDS Load into system register

LDTLB PTEH/PTEL load into TLB

NOP No operation

PREF Data prefetch to cache

RTE Return from exception handling

SETS S bit setting

SETT T bit setting

SLEEP Transition to power-down mode

STC Store from control register

STS Store from system register

TRAPA Trap exception handling
Total: 68 188

RENESAS

Rev. 5.0, 09/03, page 61 of 806



The instruction code, operation, and number of execution states of the CPU instructions are shown
in the following tables, classified by instruction type, using the format shown below.

Instruction

Instruction Code

Operation

Execution
States T Bit

Indicated by mnemonic.

Explanation of Symbols

OP.Sz SRC, DEST
OP:  Operation code
Sz: Size
SRC: Source
DEST: Destination

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

disp: Displacement

Indicated in MSB -
LSB order.

Explanation of Symbols
mmmm: Source register

nnnn: Destination register
0000: RO
0001: R1

1111: R15
iiii: Immediate data

dddd: Displacement™?

Indicates summary of
operation.

Explanation of Symbols

-, «: Transfer direction

(xx):

Memory operand

M/QIT: Flag bits in SR

&:
|:

A

<n:

>>n:

Logical AND of each bit
Logical OR of each bit

Exclusive logical OR of
each bit

Logical NOT of each bit
n-bit left shift
n-bit right shift

Value when Value of T bit
no wait after

states are instruction is
inserted** executed

Explanation
of Symbols
—:No
change

Notes: 1. The table shows the minimum number of execution states. In practice, the number of
instruction execution states will be increased in cases such as the following:

(1) When there is contention between an instruction fetch and a data access

(2) When the destination register of a load instruction (memory — register) is also
used by the following instruction

2. Scaled (x1, x2, or x4) according to the instruction operand size, etc.
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Data Transfer Instructions

Table2.20 Data Transfer Instructions

Privileged

Instruction Operation Code Mode Cycles T Bit

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

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

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

MoV Rm Rn Rm - Rn 0110nnnnmmm0011 — 1 —

MOV.B  Rm @un Rm - (Rn) 0010nnnnmMmMmMO000  — 1 —

MOV. W Rm @un Rm - (Rn) 0010nnnnmmm0001  — 1 —

MOV.L Rm @un Rm - (Rn) 0010nnnnmMmMmMO010 — 1 —

MOV.B  @m Rn (Rm) - Sign extension 0110nnnnmMmmMmO000  — 1 —
- Rn

MOV. W  @m Rn (Rm) - Sign extension 0110nnnnmMmmMm®O001  — 1 —
- Rn

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

MOV. B Rm @Rn Rn-1 - Rn,Rm - (Rn)  0010nnnnmmm®0100 — 1 —

MOV. W Rm @Rn Rn-2 -~ Rn, Rm - (Rn)  0010nnnnnmmm0101 — 1 —

MOV.L Rm @Rn Rn-4 - Rn,Rm - (Rn)  0010nnnnmmm?0110 — 1 —

MOV. B @mt, Rn (Rm) - Sign extension 0110nnnnmmm0100 — 1 —
- Rn,Rm+1 - Rm

MOV. W @Rmt+, Rn (Rm) - Sign extension 0110nnnnmMmmmMm®O101 — 1 —
- Rn,Rm+2 -~ Rm

MOV.L  @mt, Rn (Rm) - Rn,Rm+4 - Rm 0110nnnnnmmmm0110 — 1 —

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

MOV. W RO, @di sp, Rn) RO - (disp x2 + Rn) 10000001nnnndddd  — 1 —

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

MOV.B  @disp, R, RO (disp+ Rm) - Sign 10000100mmmdddd  — 1 —
extension - RO

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

MOV.L @disp,RM,Rn (dispx4+Rm) - Rn 0101nnnnmmmdddd — 1 —

MOV.B  Rm @ RO, Rn) Rm - (RO + Rn) 0000NnnNNMmMO100 — 1 —
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Privileged

Instruction Operation Code Mode Cycles T Bit

MOV. W Rm @ RO, Rn) Rm - (RO + Rn) 0000NnnnnmMmMO101 — 1 —

MOV.L Rm @RO, Rn) Rm - (RO + Rn) 0000nnnnmMmmMmMO110 — 1 —

MOV.B @RO0, RM, Rn (RO + Rm) - Sign 0000nnnnMMML100 — 1 —
extension - Rn

MOV. W @RO, RmM, Rn (RO + Rm) - Sign 0000nnnnmMmMMML101 — 1 —
extension - Rn

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

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

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

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

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

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

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

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

MOVT Rn T - Rn 0000nnnn00101001 — 1 —

SWAP. B Rm Rn Rm - Swap lowest two 0110nnnnmmml000 — 1 —
bytes . REG

SWAP. W Rm Rn Rm - Swap two 0110nnnnmmml001  — 1 —
consecutive words — Rn

XTRCT Rm Rn Rm: Middle 32 bits of 0010nnnnmMmm1101 — 1 —

Rn - Rn
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Arithmetic Operation Instructions

Table2.21 Arithmetic Operation Instructions

Privileged
Instruction Operation Code Mode Cycles T Bit
ADD Rm Rn Rn+Rm - Rn 001lnnnnmmmMm1100 — 1 —
ADD #i nm Rn Rn +imm - Rn Ollinnnniiiiiiii — 1 —
ADDC Rm Rn Rn+Rm+T - Rn, 001lnnnnmmmill0 — 1 Carry
Carry - T
ADDV Rm Rn Rn+Rm - Rn, 001lnnnnmmmilll — 1 Overflow
Overflow - T
CWP/ EQ #i mm RO IfRO=imm,1 - T 10001000i iiiiiii — 1 Comparison
result
CW/ EQ Rm Rn IfRn=Rm,1 - T 0011nnnnmmm0000 — 1 Comparison
result
CW/HS Rm Rn If Rn = Rm with 0011lnnnnmmmOD010 — 1 Comparison
unsigned data, 1 - T result
CW/ GE RmRn If Rn = Rm with signed  0011nnnnmmm0011 — 1 Comparison
data,1 - T result
CW/H RmRn If Rn > Rm with 0011nnnnmmm0110 — 1 Comparison
unsigned data, 1 - T result
CWP/ GT Rm Rn If Rn > Rm with signed 001lnnnnmmmmO0111 — 1 Comparison
data,1 - T result
CW/ PZ Rn IfRn=0,1-T 0100nnnn00010001 — 1 Comparison
result
CW/ PL Rn IfRN>0,1-T 0100nnnn00010101 — 1 Comparison
result
CVWP/ STR Rm Rn If Rn and Rm have an 0010nnnnmMmmM1100 — 1 Comparison
equivalent byte, 1 — T result
Dl V1 Rm Rn Single-step division 0011nnnnmmm0100 — 1 Calculation
(Rn/Rm) result
DIVOS RmRn MSB of Rn - Q, MSB 0oo10nnnnmmm®O111 — 1 Calculation
of Rm - M,M"*"Q - T result
DI VOU 0 - M/IQIT 0000000000011001 — 1 0
DMULS. L Rm Rn Signed operation of 001lnnnnmmml101 — 2(5)*l —
Rn x Rm - MACH,
MACL 32 x 32 - 64 bits
DMULU. L Rm Rn Unsigned operation of 001lnnnnmmm0101 — 2(5)*l

Rn x Rm - MACH,

MACL 32 x 32 — 64 bits

RENESAS
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Instruction

Operation

Code

Privileged
Mode

Cycles

T Bit

DT Rn

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

0100nnnn00010000

1

Comparison
result

EXTS. B Rm Rn

A byte in Rm is sign-
extended - Rn

0110nnnnmmmi110

EXTS. W Rm Rn

A word in Rm is sign-
extended - Rn

0110nnnnmmmillll

EXTU. B Rm Rn

A byte in Rm is zero-
extended - Rn

0110nnnnmmm1100

EXTU. W Rm Rn

A word in Rm is zero-
extended - Rn

0110nnnnmmmi101

MAC.L @ mt, @G+

Signed operation of (Rn)

x (Rm) + MAC - MAC,
Rn+4 - Rn,

Rm+4 -~ Rm,

32 x 32 + 64 - 64 bits

0000nnnnmMMMMIL111

2(5)**

MAC. W @Rmt+, @+

Signed operation of (Rn)

x (Rm) + MAC - MAC,
Rn+2 - Rn,

Rm+2 - Rm,

16 x 16 + 64 - 64 bits

0100nnnnmmm111

2(5)"*

MJLL.L RmRn

Rn xRm - MACL,
32 x 32 - 32 bits

0000NnnNnNNMMMO111

2(5)"*

MJULS. W Rm Rn

Signed operation of Rn
x Rm - MACL,
16 x 16 — 32 bits

0010nnnnmmm111

1(3)*?

MJLU. W Rm Rn

Unsigned operation of
Rn xRm - MACL,
16 x 16 — 32 bits

0010nnnnmmmm1110

1(3)*?

NEG Rm Rn

0-Rm - Rn

0110nnnnmmmi011

NEGC Rm Rn

0-Rm-T - Rn,
Borrow —» T

0110nnnnmmm1010

Borrow

SuB Rm Rn

Rn-Rm - Rn

0011nnnnmmmi000

SUBC Rm Rn

Rn-Rm-T - Rn,
Borrow - T

0011nnnnmmmi010

Borrow

SUBV Rm Rn

Rn-Rm - Rn,
Underflow - T

0011nnnnmmmi011

Underflow

Notes: 1. The normal minimum number of execution cycles is two, but five cycles are required

when the operation result is read from the MAC register immediately after the
instruction.

2. The normal minimum number of execution cycles is one, but three cycles are required
when the operation result is read from the MAC register immediately after the MUL

instruction.
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L ogic Operation Instructions

Table2.22 Logic Operation Instructions

Privileged
Instruction Operation Code Mode Cycles T Bit
AND Rm Rn Rn & Rm - Rn 0010nnnnmmm1001 — 1 —
AND  #i mm RO RO & imm - RO 1100100%iiiiiiii — 1 —
AND. B #i mm @ RO, GBR) (RO + GBR) & imm - 1100110%iiiiiiii — 3 —
(RO + GBR)
NOT Rm Rn ~Rm - Rn 0110nnnnmmm0111 — 1 —
R Rm Rn Rn|Rm - Rn 0010nnnnmmMmM011 — 1 —
R #i mm RO RO | imm - RO 1100101%iiiiiiii — 1 —
OR B #i nm @ RO, GBR) (RO + GBR) | imm - 1100111%iiiiiiii — 3 —
(RO + GBR)
TAS. B @rn If(Rn)is0,1 - T; 0100nnnn00011011 — 3 Test
1 - MSB of (Rn) result
TST Rm Rn Rn & Rm; if the result 0010nnnnmmM.000 — 1 Test
is0,1-T result
TST #i mm RO RO & imm; if the result 11001000iiiiiiii — 1 Test
is0,1-T result
TST. B #i nm @ RO, GBR) (RO + GBR) & imm; 11001100iiiiiiii — 3 Test
iftheresultis0,1 - T result
XOR Rm Rn Rn~"Rm - Rn 0010nnnnmmm1010 — 1 —
XOR #i mm RO RO~ imm - RO 11001010iiiiiiii — 1 —
XOR B #i nm @ RO, GBR) (RO + GBR) " imm - 11001110iiiiiiii — 3 —

(RO + GBR)
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Shift Instructions

Table2.23 Shift Instructions

Privileged

Instruction Operation Code Mode Cycles T Bit
ROTL Rn T « Rn « MSB 0100nnnn00000100 — 1 MSB
ROTR Rn LSB - Rn - T 0100nnnn00000101 — 1 LSB
ROTCL Rn T-RnN T 0100nnnn00100100 — 1 MSB
ROTCR Rn T-Rn-T 0100nnnn00100101 — 1 LSB
SHAD Rm Rn Rn=0:Rn<<Rm - Rn 0100nnnnMMM100 — 1 —

Rn<0: Rn>>Rm -

[MSB - Rn]
SHAL Rn T<Rn-0 0100nnnNn00100000 — 1 MSB
SHAR Rn MSB - Rn - T 0100nnnn00100001 — 1 LSB
SHLD Rm Rn Rn=0: Rn<<Rm - Rn 0100nnnnMMM1101 — 1 —

Rn<0: Rn>>Rm -

[0 - Rn]
SHLL Rn T<Rn<0 0100nnnn00000000 — 1 MSB
SHLR Rn O-Rn-T 0100nnnNn00000001 — 1 LSB
SHLL2 Rn Rn<<2 - Rn 0100nnnn00001000 — 1 —
SHLR2 Rn Rn>>2 - Rn 0100nnnNn00001001 — 1 —
SHLL8 Rn Rn<<8 - Rn 0100nnnn00011000 — 1 —
SHLR8 Rn Rn>>8 - Rn 0100nnnn00011001 — 1 —
SHLL16 Rn Rn << 16 - Rn 0100nnnn00101000 — 1 —
SHLR16 Rn Rn>>16 - Rn 0100nnnn00101001 — 1 —

Rev. 5.0, 09/03, page 68 of 806

RENESAS



Branch Instructions

Table2.24 Branch Instructions

Privileged

Instruction Operation Code Mode Cycles T Bit

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

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

BT | abel Delayed branch, if T =1, 10001001dddddddd — 31" —
dispx 2 + PC - PC;
if T=0, nop

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

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

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

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

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

JMP @Rm Delayed branch, Rm - PC 0100mm®D0101011 — 2 —

JSR @Rm Delayed branch, PC - PR, 0100mMmmMmMD0001011 — 2 —
Rm - PC

RTS Delayed branch, PR - PC 0000000000001011 — 2 —

Note: * One state when the branch is not executed.
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System Control Instructions

Table2.25 System Control Instructions

Privileged
Instruction Operation Code Mode Cycles T Bit
CLRVAC 0 - MACH, MACL 0000000000101000 — 1 —
CLRS 0-S 0000000001001000 — 1 —
CLRT 0-T 0000000000001000 — 1 0
LDC Rm SR Rm - SR 0100nMMmM®D0001110 v 5 LSB
LDC Rm GBR Rm - GBR 0100mMmmMm00011110 — 1 —
LDC Rm VBR Rm - VBR 0100mMmMm®D0101110 v 1 —
LDC Rm SSR Rm - SSR 0100mmMM00111110 vV 1 —
LDC Rm SPC Rm - SPC 0100mMmMm®D1001110 v 1 —
LDC Rm RO_BANK Rm - RO_BANK 0100mmm 0001110 V 1 —
LDC Rm R1_BANK Rm - R1_BANK 0100nMMm10011110 v 1 —
LDC Rm R2_BANK Rm - R2_BANK 0100mmm 0101110 V 1 —
LDC Rm R3_BANK Rm - R3_BANK 0100mmm 0111110 V 1 —
LDC Rm R4_BANK Rm - R4_BANK 0100mMmMm11001110 v 1 —
LDC Rm R5_BANK Rm - R5_BANK 0100mmml 1011110 V 1 —
LDC Rm R6_BANK Rm - R6_BANK 0100mMmMm11101110 v 1 —
LDC Rm R7_BANK Rm - R7_BANK 0100mmml 1111110 V 1 —
LDC. L @mt, SR (Rm) - SR,Rm+4 - Rm 0100mMmMmMDO0000111 v 7 LSB
LDC. L @m+, GBR (Rm) - GBR,Rm +4 - Rm 0100mMmmMmm00010111 — 1 —
LDC. L @mt, VBR (Rm) - VBR,Rm +4 - Rm 0100mMmmMm®D0100111 v 1 —
LDC. L @mt, SSR (Rm) -~ SSR,Rm+4 - Rm 0100mmM00110111 1 —
LDC. L @m+, SPC (Rm) - SPC,Rm+4 - Rm 0100mMmMmD1000111 v 1 —
LDC. L @Rmt, (Rm) - RO_BANK, 0100mmm 0000111 vV 1 —
RO_BANK Rm+4 - Rm
LDC. L @R+, (Rm) - R1_BANK, 0100mmMM10010111 v 1 —
R1_BANK Rm+4 - Rm
LDC. L @Rmt, (Rm) - R2_BANK, 0100mmm 0100111 vV 1 —
R2_BANK Rm+4 - Rm
LDC. L @R+, (Rm) - R3_BANK, 0100mmMM10110111 v 1 —
R3_BANK Rm+4 - Rm
LDC. L @R+, (Rm) - R4_BANK, 0100mmMM11000111 v 1 —
R4_BANK Rm+4 - Rm
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Privileged

Instruction Operation Code Mode Cycles T Bit
LDC. L @Rm+, (Rm) - R5_BANK, 0100mmm11010111 Vv 1 —
R5_BANK Rm+4 - Rm
LDC. L @Rmt, (Rm) - R6_BANK, 0100mmMm11100111 v 1 —
R6_BANK Rm+4 - Rm
LDC. L @rRmt, (Rm) - R7_BANK, 0100mmMm11110111 v 1 —
R7_BANK Rm+4 - Rm
LDS Rm MACH Rm - MACH 0100mMmmD0001010 — 1 —
LDS Rm MACL Rm - MACL 0100mMmM®D0011010 — 1 —
LDS Rm PR Rm - PR 0100mm®D0101010 — 1 —
LDS. L @m+, MACH (Rm) - MACH,Rm+4 -~ Rm 0100mmmD0000110 — 1 —
LDS. L @Rm+, MACL (Rm) - MACL,Rm+4 -~ Rm 0100mmmD0010110 — 1 —
LDS. L @mt, PR (Rm) - PR,Rm+4 - Rm 0100mMmmMm®D0100110 — 1 —
LDTLB PTEH/PTEL - TLB 0000000000111000 V 1 —
NOP No operation 0000000000001001 — 1 —
PREF @Rm (Rm) - cache 0000nMMM1L0000011 — 1 —
RTE Delayed branch, 0000000000101011 4 —
SSR/SPC - SR/PC
SETS 1-5S 0000000001011000 — 1 —
SETT 1-T 0000000000011000 — 1 1
SLEEP Sleep 0000000000011011  V 4 —
STC SR Rn SR - Rn 0000nnnn00000010 v 1 —
STC GBR Rn GBR - Rn 0000nnNnn00010010 — 1 —
STC VBR, Rn VBR - Rn 0000nnnn00100010 v 1 —
STC  SSR Rn SSR - Rn 0000nNNN00110010 vV 1 —
STC SPC, Rn SPC -~ Rn 0000nnnn01000010 v 1 —
STC  RO_BANK, Rn RO_BANK- Rn 0000nNNN10000010 vV 1 —
STC R1_BANK, R R1_BANK- Rn 0000nnnn10010010 v 1 —
STC R2_BANK, Rn R2_BANK- Rn 0000nnnn10100010 v 1 —
STC  R3_BANK, Rn  R3_BANK- Rn 0000nNNN10110010 vV 1 —
STC R4_BANK, Rn R4_BANK- Rn 0000nnnn11000010 v 1 —
STC  R5_BANK, Rn R5_BANK- Rn 0000nNNN11010010 V 1 —
STC R6_BANK, Rn R6_BANK- Rn 0000nnnn11100010 v 1 —
STC  R7_BANK, Rn R7_BANK- Rn 0000nnNNN11110010 V 1 —
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Privileged

Instruction Operation Code Mode Cycles T Bit

STC.L SR @Rn Rn-4 - Rn, SR - (Rn) 0100nnnn00000011 vV 2 —

STC. L GBR, @Rn Rn-4 - Rn, GBR - (Rn) 0100nnnn00010011 — 2 —

STC.L VBR @Rn Rn-4 - Rn, VBR - (Rn) 0100nnnn00100011 v 2 —

STC. L SSR, @Rn Rn—-4 - Rn, SSR - (Rn) 0100nnnNn00110011 vV 2 —

STC.L SPC, @Rn Rn-4 - Rn, SPC - (Rn) 0100nnnn01000011 v 2 —

STC. L RO_BANK, Rn—4 - Rn, RO_BANK - (Rn) 0100nnnn10000011 v 2 —
@Rn

STC. L R1_BANK, Rn—4 - Rn, R1_BANK - (Rn) 0100nnnn10010011 V 2 —
@Rn

STC. L R2_BANK, Rn—4 - Rn, R2_BANK - (Rn) 0100nnnn10100011 v 2 —
@Rn

STC. L R3_BANK, Rn—4 - Rn, R3_BANK - (Rn) 0100nnnn10110011 V 2 —
@Rn

STC.L R4_BANK, Rn—4 - Rn, R4_BANK - (Rn) 0100nnnn11000011 V 2 —
@Rn

STC. L R5_BANK, Rn—4 - Rn, R5_BANK - (Rn) 0100nnnn11010011 v 2 —
@Rn

STC. L R6_BANK, Rn—4 - Rn, R6_BANK - (Rn) 0100nnnn11100011 V 2 —
@Rn

STC. L R7_BANK, Rn—4 - Rn, R7_BANK - (Rn) 0100nnnn11110011 v 2 —
@Rn

STS  MACH, Rn MACH - Rn 0000nnnn00001010 — 1 —

STS MACL, Rn MACL - Rn 0000nnnn00011010 — 1 —

STS PR, Rn PR - Rn 0000nnnn00101010 — 1 —

STS. L MACH, @Rn Rn-4 - Rn, MACH - (Rn) 0100nnnn00000010 — 1 —

STS. L MACL, @Rn Rn-4 - Rn, MACL - (Rn) 0100nnnn00010010 — 1 —

STS.L PR @Rn Rn—-4 - Rn, PR - (Rn) 0100nnnn00100010 — 1 —

TRAPA #i mm PC - SPC, SR - SSR, 1100001%iiiiiiii — 8 —

imm << 2 - TRA,
VBR + H'0100 - PC

Note: * Number of states before the chip enters the sleep state.

The table shows the minimum number of clocks required for execution. In practice, the
number of execution cycles will be increased if there is contention between an instruction
fetch and a data access, or if the destination register of a load instruction (memory -
register) is also used by the following instruction.
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2.6 DSP Extended-Function Instructions

26.1 Introduction
The DSP extended-function instructions are classified into the following three groups:

1. Additional system control instructions for the CPU unit (section 2.6.2, Added CPU System
Control Instructions)

2. DSP unit memory-register single and double data transfer (section 2.6.3, Single and Double
Data Transfer for DSP Data | nstructions)

3. DSP unit parallel processing (section 2.6.4, DSP Operation I nstruction Set)

2.6.2 Added CPU System Control Instructions

Theinstructionsin this class are treated as part of the CPU core functions, and therefore all the
added instructions have a 16-bit code length. All the additional instructions belong to the system
control instruction group. Table 2.26 summarizes the added system instructions.

Control registers—RS, RE, and MOD—have been added to the CPU core to support loop control
and modulo addressing functions, and LDC and STS instructions have been provided for these
registers.

The DSP engine’'sDSR, A0, X0, X1, YO, and Y1 registers are treated as system registers such as
STSand LDS instructions are supported for these registers. As digital signal processing operations
usually employ a multi-level nested-loop structure, DSP performance can be improved by means
of azero-overhead loop control function. SETRC instructions are provided to set the repeat count
inthe RC field in SR[27:16]. When an immediate operand type SETRC instruction is executed,
the 8-bit immediate operand datais set in SR[23:16], and 0 is set in the remaining bits, SR[27:24].
When aregister operand type SETRC instruction is executed, Rn[11:0] isset in SR[27:16]. The
start address and end address of the repeat loop are set in the RS register and RE register. There
are two ways of setting the addresses: by using an LDC instruction, or by using the LDRS and
LDRE instructions.
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Table2.26 Added CPU System Control Instructions

Execu-
tion
Instruction Instruction Code Operation States T Bit
SETRC #i nm 10000010iiiiiiii imm - RC (of SR) 3 —
SETRC Rn 0100nnnn00010100 Rn[11:0] — R C (of SR) 3 —
LDRS @di sp, PC) 10001100dddddddd (disp x2 + PC) - RS 3 —
LDRE @disp, PC)  10001110dddddddd (disp x2 + PC) - RE 3 —
STC MOD, Rn 0000nnNnNn01010010 MOD - Rn 1 —
STC RS, Rn 0000nnnn01100010 RS - Rn 1 —
STC RE, Rn 0000nnNnn01110010 RE - Rn 1 —
STS DSR, Rn 0000nnnn01101010 DSR - Rn 1 —
STS A0, Rn 0000nnNnn01111010 AO - Rn 1 —
STS X0, Rn 0000nnnn10001010 X0 - Rn 1 —
STS X1, Rn 0000nnNnNn10011010 X1 - Rn 1 —
STS YO0, Rn 0000nnNnNn10101010 YO - Rn 1 —
STS Y1, Rn 0000nnnn10111010 Y1 - Rn 1 —
STS.L DSR, @Rn 0100nnnn01100010 Rn-4 - Rn, DSR - (Rn) 1 —
STS.L A0, @Rn 0100nnnn01110010 Rn-4 - Rn, A0 - (Rn) 1 —
STS.L X0, @ Rn 0100nnNnn10000010 Rn-4 - Rn, X0 - (Rn) 1 —
STS.L X1, @Rn 0100nnnNn10010010 Rn-4 - Rn, X1 - (Rn) 1 —
STS.L Y0, @Rn 0100nnNnn10100010 Rn-4 - Rn, YO - (Rn) 1 —
STS.L Y1, @Rn 0100nnnNn10110010 Rn-4 - Rn, Y1 - (Rn) 1 —
STC.L MDD, @Rn 0100nnnn01010011 Rn-4 - Rn,MOD - (Rn) 2 —
STC.L RS @Rn 0100nnnn01100011 Rn-4 - Rn, RS - (RN) 2 —
STC.L RE, @Rn 0100nnnn01110011 Rn-4 - Rn, RE - (RN) 2 —
LDS. L @rn+, DSR 0100nnnn01100110 (Rn) - DSR,Rn+4 - Rn 1 —
LDS. L @rn+, A0 0100nnnn01110110 (Rn) - AO,Rn+4 - Rn 1 —
LDS. L @Rn+, X0 0100nnNnn10000110 (Rn) - X0,Rn+4 - Rn 1 —
LDS. L @n+, X1 0100nnnNn10010110 (Rn) - X1,Rn+4 - Rn 1 —
LDS. L @Rn+, YO 0100nnNnn10100110 (Rn) - YO,Rn+4 - Rn 1 —
LDS. L @n+, Y1 0100nnnNn10110110 (Rn) - Y1,Rn+4 -~ Rn 1 —
LDC. L @Rn+, MOD 0100nnnn01010111 (Rn) - MOD,Rn+4 - Rn 5 —
LDC. L @+, RS 0100nnnn01100111 (Rn) - RS,Rn+4 - Rn 5 —
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Execu-

Instruction Instruction Code Operation tSl?z;]tes T Bit
LDC. L @n+, RE 0100nnNnn01110111 (Rn) - RE,Rn+4 - Rn 5 —
LDS Rn, DSR 0100nnnn01101010 Rn - DSR 1 —
LDS Rn, A0 0100nnnn01111010 Rn - AO 1 —
LDS Rn, X0 0100nnNnn10001010 Rn - XO 1 —
LDS Rn, X1 0100nnnn10011010 Rn - X1 1 —
LDS Rn, YO 0100nnNnn10101010 Rn - YO 1 —
LDS Rn, Y1 0100nnNnn10111010 Rn - Y1 1 —
LDC Rn, MOD 0100nnnNn01011110 Rn - MOD 3 —
LDC Rn, RS 0100nnnn01101110 Rn - RS 3 —
LDC Rn, RE 0100nnnn01111110 Rn - RE 3 —

2.6.3 Single and Double Data Transfer for DSP Data I nstructions

Theinstructionsin this class are provided to reduce the program code size for DSP operations. All
the new instructionsin this class have a 16-bit code length. Instructions in this class are divided
into two groups: single data transfer instructions and double data transfer instructions. The
operand flexibility of the double data transfer instructions is the same as with the A field in
parallél instruction class data transfer instructions described in section 2.6.4, DSP Operation
Instruction Set. However, conditional load instructions cannot be used with these 16-bit
instructions. In single transfer, the Ax pointer and two address pointers (R2 and R3) are used as
the As pointer, but the Ay pointer is not used. Tables 2.27 and 2.28 list the single and double data
transfer instructions.

With double data transfer group instructions, X memory and Y memory can be accessed in
paralel. The Ax pointer can only be used by X memory access instructions, and the Ay pointer
only by Y memory access instructions. Double data transfer instructions can only access the on-
chip X and Y memory areas. Single data transfer instructions use a 16-bit instruction code, and can
access any memory address space.

Rn (n=2to 7) registers are normally used as the Ax, Ay, and As pointers. The pointer names
themsel ves can be changed with the assembler rename function. The following renaming scheme
is recommended.

R2:As2, R3:As3, R4:Ax0 (As0), R5:Ax1 (Asl), R6:Ay0, R7:Ay1, R8:Ix(ls), R9:ly
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Table2.27

Double Data Transfer Instructions

Execu-
tion
Instruction Instruction Code Operation States DC
X'memory  NOPX 1111000*0*0*00** X memory no 1 —
data operation
transfer * * ()] % *
MOVX. W @x, Dx 111100A*D*0*01 (AX) - MSW of Dx, 1 —
0 - LSW of Dx
MOVX. W @\x+, Dx 111100A*D*0*10** (AX) - MSW of Dx, 1 —
0 - LSW of Dx,
AX+2 5 AX
MOVX. W @x+1 x, Dx 111100A*D*0*11** (AX) — MSW of Dx, 1 —
0 - LSW of Dx,
AX + IX » AX
MOVX. W Da, @\x 111100A*D*1*01** MSW of Da - (Ax) 1 —
MOVX. W Da, @\x+ 111100A*D*1*10** MSW of Da - (AXx), 1 —
AX+ 2 - AX
MOVX. W Da, @+l x 111100A*D*1*11** MSW of Da - (AXx), 1 —
AX + IX » AX
Y memory  NOPY 111100*0*0*0**00 Y memory no 1 —
data operation
transfer * Ax * %
MOVY. W @\, Dy 111100*A*D*0**01 (Ay) — MSW of Dy, 1 —
0 — LSW of Dy
MOVY. W @y +, Dy 111100*A*D*0**10 (Ay) -» MSW of Dy, 1 —
0 — LSW of Dy,
Ay +2 - Ay
MOVY. W @y+ly, Dy 111100*A*D*0**11 (Ay) - MSW of Dy, 1 —
0 — LSW of Dy,
Ay +ly - Ay
MOVY. W Da, @y 111100*A*D*1**01 MSW of Da - (Ay) 1 —
MOVY. W Da, @y + 111100*A*D*1**10 MSW of Da — (Ay), 1 —
Ay +2 - Ay
MOVY. W Da, @\y+ly 111100*A*D+1**11 MSW of Da - (Ay), 1 —
Ay +ly - Ay
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Table2.28 Single Data Transfer Instructions

Execu-
tion DC
Instruction Instruction Code Operation States
MOVS. W @ As, Ds 111101AADDDDO000 As -2 - As, (As) - 1 —
MSW of Ds, 0 —» LSW of Ds
MOVS. W @®s, Ds 111101AADDDD0100 (As) — MSW of Ds, 1 —
0 - LSW of Ds
MOVS. W @As+, Ds 111101AADDDD1000 (As) — MSW of Ds, 1 —
0 - LSWofDs,As+2 - As
MOVS. W @s+l x, Ds  111101AADDDD1100 (Asc) — MSW of Ds, 1 —
0 - LSW of Ds, As + Ix - As
MOVS. W Ds, @ As* 111101AADDDDO001 As-2 - As, 1 —
MSW of Ds - (As)
MOVS. W Ds, @s* 111101AADDDD0101 MSW of Ds - (As) 1 —
MOVS. W Ds, @s+* 111101AADDDD1001 MSW of Ds - (As), 1 —
As+2 - As
MOVS. W Ds, @s+| x* 111101AADDDD1101 MSW of Ds - (As), 1 —
As +Ix - As
MWVS. L @ As, Ds 111101AADDDD0010 As-—4 - As, (As) - Ds 1 —
MOVS. L @®s, Ds 111101AADDDD0110 (As) — Ds 1 —
MOVS. L @hs+, Ds 111101AADDDD1010 (As) - Ds,As+4 - As 1 —
MOVS. L @\s+lx,Ds 111101AADDDD1110 (As) — Ds, As +Ix — As 1 —
MOVS. L Ds, @As 111101AADDDD0011 As -4 - As,Ds - (As) 1 —
MOVS. L Ds, @s 111101AADDDD0111 Ds - (As) 1 —
MOVS. L Ds, @s+ 111101AADDDD1011 Ds - (As),As+4 - As 1 —
MOVS. L Ds, @s+lx 111101AADDDD1111 Ds - (As),As +Ix - As 1 —
Note: * If guard bit registers AOG and A1G are specified in source operand Ds, the data is output

to the LDBJ7:0] bus and the sign bit is copied into the upper bits, [31:8].
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The correspondence between DSP data transfer operands and registersis shown in table 2.29.

CPU core registers are used as a pointer address that indicates a memory address.

Table2.29 Correspondence between DSP Data Transfer Operands and Registers

Register AX IX Dx Ay ly Dy | Da | As Is Ds
CPU RO
register R1
R2 (As2) Yes
R3 (As3) Yes
R4 (Ax0, As0) Yes Yes
R5 (Ax1, Asl) Yes Yes
R6 (Ay0) Yes
R7 (Ayl) Yes
R8 (I, Is) Yes Yes
R9 (ly) Yes
DSP A0 Yes Yes
register  [a; Yes Yes
MO Yes
M1 Yes
X0 Yes Yes
X1 Yes Yes
YO Yes Yes
Y1 Yes Yes
AO0G Yes
AlG Yes
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264 DSP Operation Instruction Set

DSP operation instructions are instructions for digital signal processing performed by the DSP
unit. These instructions have a 32-hit instruction code, and multiple instructions can be executed
in parallel. The instruction code is divided into an A field and B field; a double data transfer
instruction is specified in the A field, and a single or double data operation instruction in the B
field. Instructions can be specified independently, and are also executed independently. The
function of the A field—that is, the data transfer instruction field—is basically the same asin the
double data transfer instructions described in section 2.6.3, Single and Double Data Transfer for
DSP Data Instructions, but has a specia functionin load instructions.

B-field data operation instructions are of three kinds. double data operation instructions,
conditional single data operation instructions, and unconditional single data operation instructions.
The formats of the DSP operation instructions are shown in table 2.30. The respective operands
are selected independently from the DSP registers. The correspondence between DSP operation
instruction operands and registersis shownin table 2.31.

Table2.30 DSP Operation Instruction For mats

Type Instruction Formats Instructions
Double data operation instructions ALUop. Sx, Sy, Du PADD PMULS,
(6 operands) M.Top. Se, Sf, Dg PSUB PMILS
Conditional single 3 operands ALUop. Sx, Sy, Dz PADD, PAND, PCR, PSHA,
data operation DCT  ALUop. Sx, Sy, Dz PSHL, PSUB, PXOR
instructions
DCF ALUop. Sx, Sy, Dz
2 operands ALUop. Sx, Dz PCOPY, PDEC, PDMSB,
DCT  ALUop. Sx, Dz PI NC, PLDS, PSTS, PNEG
DCF ALUop. Sx, Dz
ALUop. Sy, Dz
DCT ALUop. Sy, Dz
DCF ALUop. Sy, Dz
1 operand ALUop. Dz PCLR
DCT ALUop. Dz
DCF ALUop. Dz
Unconditional single 3 operands ALUop. Sx, Sy, Du PADDC, PSUBC, PMILS
glata op_eration M.Top. Se, Sf, Dg
instructions
2 operands ALUop. Sx, Dz PCVP, PABS, PRND
ALUop. Sy, Dz
ALUop. Sx, Sy
1 operand ALUop. Dz PSHA #i nm PSHL #i nm
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Table2.31 Correspondence between DSP Instruction Operands and Registers

ALU and BPU Operations Multiply Operations
Register  Sx Sy Dz Du Se Sf Dg
A0 Yes Yes Yes Yes
Al Yes Yes Yes Yes Yes Yes
MO Yes Yes Yes
M1 Yes Yes Yes
X0 Yes Yes Yes Yes Yes
X1 Yes Yes Yes
YO Yes Yes Yes Yes Yes
Y1 Yes Yes Yes

When writing parallel instructions, the B-field instruction iswritten first, followed by the A-field
instruction. A sample parallel processing program is shown in figure 2.16.

PADD A0, MO, A0 PMULS X0, YO, MO MOVX.W @R4+, XO MOVY.W @R6+, YO [;]
DCF PINC X1, Al MOVX.W A0, @R5+R8 MOVY.W @R7+, YO [;]
PCMP X1, MO MOVX.W @R4+, XO [NOPY] [;]

Figure2.16 Sample Parallel Instruction Program
Square brackets mean that the contents can be omitted.

The no operation instructions NOPX and NOPY can be omitted. Table 2.32 gives an overview of
the B field in parallel operation instructions.

A semicolon isthe instruction line delimiter, but this can also be omitted. If the semicolon
delimiter is used, the areato the right of the semicolon can be used as a comment field. This has
the same function as with conventional SH tools.

The DSR register condition code bit (DC) is updated on the basis of the result of an unconditional
ALU or shift operation instruction. Conditional instructions do not update the DC bit. Multiply
instructions, also, do not update the DC bit. The DC bit updating conditions are determined by bits
CS0to CS2 inthe DSR register. The DC bit update rules are shown in table 2.33.
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Table2.32 DSP Operation Instructions

Execu-
tion
Instruction Instruction Code Operation States DC
PMULS Se, Sf,Dg 111110********x*x* gGe* Sf _, Dg (signed) 1 —
0100eef f 0000gg00
PADD Sx, Sy, Du 11111Q0********** gSx+ Sy - Du 1 *
PMILS Se, Sf, Dg 011leef f xxyygguu S€¢ " Sf ~ Dg (signed)
PSUB Sx, Sy, Du 111110********x** gSx_ Sy -, Du 1 *
PMULS Se, Sf, Dg 0110eef f xxyygguu S€ ™ Sf ~ Dg (signed)
PADD Sx, Sy, Dz 111110********** gSx+ Sy -, Dz 1 *
10110001xxyyzzzz
DCT PADD Sx, Sy, Dz 111110********** |fDC=1 Sx+ Sy - Dz 1 *
10110010xxyyzzzz If DC =0, nop
DCF PADD Sx, Sy, Dz 111110********** |fDC =0, Sx+ Sy - Dz 1 *
10110011xxyyzzzz If DC =1, nop
PSUB Sx, Sy, Dz = 111110*********x* gx_Sy _, Dz 1 *
10100001xxyyzzzz
DCT PSUB Sx, Sy, Dz 111110********** |fDC=1 Sx—-Sy - Dz 1 —
10100010xxyyzzzz If DC =0, nop
DCF PSUB Sx, Sy, Dz 111110********** |fDC=0,Sx—-Sy - Dz 1 —
10100011xxyyzzzz If DC =1, nop
PSHA Sx, Sy, Dz = 111110********x* |fSy>=0, Sx<< Sy - Dz 1 *
1010001xxyyzzzz (arithmetic shift)
If Sy<0, Sx>>Sy - Dz
DCT PSHA Sx, Sy, Dz 111110********** |fDC=1& Sy > =0, 1 —
10010010xxyyzzz2 Sx_ << Sy - Dz (arithmetic
shift)
IfDC=1&Sy<0,
Sx>>8Sy - Dz
If DC =0, nop

Note: * See table 2.33.
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Execu-

Instruction Instruction Code Operation tSl?z;]tes DC
DCF PSHA Sx, Sy, Dz 111110********** |fDC=0& Sy > =0, 1 —
10010011xxyyzzz2 Sx. << Sy - Dz (arithmetic
shift)
IfDC=0&Sy<0,
Sx>>8Sy - Dz
If DC = 1, nop
PSHL Sx, Sy, Dz 111110********** |fQy>=0, Sx<<Sy - Dz 1 *
10000001xxyyzzzz (logical shift)
If Sy<0, Sx>>Sy - Dz
DCT PSHL Sx, Sy, Dz 111110********** |fDC=1& Sy>=0, 1 —
10000010xxyyz222 Sx << Sy - Dz (logical shift)
IfDC=1&Sy<0,
Sx>>Sy - Dz
If DC =0, nop
DCF PSHL Sx, Sy, Dz 111110*******x** |fDC=0& Sy > =0, 1 —
10000011xxyyzz22 Sx << Sy - Dz (logical shift)
IfDC=0&Sy<0,
Sx>>Sy - Dz
If DC =1, nop
PCOPY Sx, Dz 111110******x*xxxx Gy _, Dz 1 *
11011001xx00zzzz
PCOPY Sy, Dz 111110******x*xxxx Gy _, Dz 1 *
1111100100yyzzzz
DCT PCOPY Sx, Dz 111110*******x*xxx |fDC =1, SX — Dz 1 —
11011010xx00zzzz If DC =0, nop
DCT PCOPY Sy, Dz 111110*******xxxx |fDC=1,Sy - Dz 1 —
1111101000yyzzzz If DC =0, nop
DCF PCOPY Sx, Dz 111110******xxxx |fDC =0, SXx - Dz 1 —
11011011xx00zzzz If DC =1, nop
DCF PCOPY Sy, Dz 111110*******x*xxx |fDC =0, Sy - Dz 1 —
1111101100yyzzzz If DC =1, nop

Note: * See table 2.33.
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Execu-

Instruction Instruction Code Operation tSl?z;]tes DC
PDVSB Sx, Dz 111110********xx* Gy _, Dz normalization count 1 *
10011101xx00zzzz Shiftvalue
PDVSB Sy, Dz 111110*****x**xx* Sy _, Dz normalization count 1 *
1011110100yyzzzz shift value
DCT PDMSB Sx, Dz 111110*****x**=xx* |f DC = 1, normalization count 1 —
10011110xx00zzzz shift value Sx —~ Dz
If DC =0, nop
DCT PDMSB Sy, Dz 111110*****x**=*xx* |f DC = 1, normalization count 1 —
1011111000yyzzzz shift value Sy - Dz
If DC =0, nop
DCF PDMSB Sx, Dz 111110********x* |f DC = 0, normalization count 1 —
10011111xx00zzzz Shiftvalue Sx - Dz
If DC = 1, nop
DCF PDMBB Sy, Dz 111110*****x**xx* |f DC = 0, normalization count 1 —
1011111100yyzzzz Shiftvalue Sy - Dz
If DC = 1, nop
PI NC Sx, Dz 111110*******xx*x*x  MSW of Sx — Dz 1 *
10011001xx00zzzz
PI NC Sy, Dz 111110*******xx*x*x  MSW of Sy - Dz 1 *
1011100100yyzzzz
DCT PINC Sx, Dz 111110********xx*x |fDC=1 MSWof Sx+1 - Dz 1 —
10011010xx00zzzz If DC =0, nop
DCT PINC Sy, Dz 111110********x*x |fDC=1 MSWofSy+1 - Dz 1 —
1011101000yyzzzz If DC =0, nop
DCF PINC Sx, Dz 111110********xx* |fDC =0, MSW of Sx+1 - Dz 1 —
10011011xx00zzzz If DC =1, nop
DCF PINC Sy, Dz 111110********xx*x |fDC=0, MSWof Sy+1 - Dz 1 —
1011101100yyzzzz If DC =1, nop
PNEG Sx, Dz 111110*********x*x  (_GSx _, Dz 1 *
11001001xx00zzzz

Note: * See table 2.33.
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Execu-

Instruction Instruction Code Operation tSl?z;]tes DC
PNEG Sy, Dz 111110*********x*x (_GSy _, Dz 1 *
1110100100yyzzzz
DCT PNEG Sx, Dz 111110*******xx*x |fDC=1,0-Sx - Dz 1 —
11001010xx00zzzz If DC =0, nop
DCT PNEG Sy, Dz 111110*******xx*x |fDC=1,0-Sy - Dz 1 —
1110101000yyzzzz If DC =0, nop
DCF PNEG Sx, Dz 111110*******xxx*x |fDC=0,0-Sx - Dz 1 —
11001011xx00zzzz IfDC =1, nop
DCF PNEG Sy, Dz 111110*******xxx*x |fDC=0,0-Sy - Dz 1 —
1110101100yyzzzz IfDC =1, nop
POR Sx, Sy, Dz 111110*******x*x*x%* Gy |Sy -, Dz 1 *
10110101xxyyzzzz
DCT POR Sx, Sy, Dz 111110*****=*=**** |fDC=1,Sx|Sy - Dz 1 —
10110110xxyyzzzz IfDC =0, nop
DCF POR Sx, Sy, Dz 111110*****=*=**** |fDC =0, Sx|Sy - Dz 1 —
10110111xxyyzzzz IfDC =1, nop
PAND Sx, Sy, Dz 111110*******x*x%* Sy & Sy -, Dz 1 *
10010101xxyyzzzz
DCT PAND Sx, Sy, Dz 111110******=**** |fDC=1,Sx& Sy - Dz 1 —
10010110xxyyzzzz If DC =0, nop
DCF PAND Sx, Sy, Dz 111110******=**** |fDC=0,Sx& Sy - Dz 1 —
10010111xxyyzzzz IfDC=1, nop
PXOR Sx, Sy, Dz 111110*******xx* Gy ASy _, Dz 1 *
10100101xxyyzzzz
DCT PXOR Sx, Sy, Dz 11111Q*****x**** |fDC=1,Sx"Sy - Dz 1 —
10100110xxyyzzzz If DC =0, nop
DCF PXOR Sx, Sy, Dz 11111Q*****x**** |fDC=1,Sx"Sy - Dz 1 —
10100111xxyyzzzz If DC =0, nop
PDEC Sx, Dz 111110*******x*x*x Gy [39:16] -1 - Dz 1 *
10001001xx00zzzz

Note: * See table 2.33.
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Execu-

Instruction Instruction Code Operation tSI?z;]tes DC
PDEC Sy, Dz 111110*******x*x*x Gy [31:16] -1 - Dz 1 *
1010100100yyzzzz
DCT PDEC Sx, Dz 111120*******xxx |fDC=1,Sx[39:16]-1 - Dz 1 —
10001010xx00zzzz If DC =0, nop
DCT PDEC Sy, Dz 111120*******xxx |fDC=1, Sy [31:16]-1 - Dz 1 —
1010101000yyzzzz IfDC =0, nop
DCF PDEC Sx, Dz 111120*******xxx |fDC =0, Sx[39:16]-1 - Dz 1 —
10001011xx00zzzz IfDC =1, nop
DCF PDEC Sy, Dz 111110*******xxx |fDC =0, Sy [31:16]-1 - Dz 1 —
1010101100yyzzzz IfDC=1, nop
PCLR Dz 111110*******xxx  H'00000000 - Dz 1 *
100011010000zzzz
DCT PCLR Dz 111110*******xxx |f DC = 1, H'00000000 - Dz 1 —
100011100000zzzz IfDC =0, nop
DCF PCLR Dz 111110*******xxx |f DC = 0, H'00000000 - Dz 1 —
100011110000zzzz IfDC=1, nop
PSHA #i nm Dz  111110*********x* |fjmm>=0,Dz<<imm - Dz 1 *
00010 iiiiiizzzz (arithmetic shift
If imm<0, Dz>>imm - Dz
PSHL #i nm Dz  111110*********x* |fjimm>=0,Dz<<imm - Dz 1 *
00000i i iiiiizzzz (logicalshift
Ifimm <0, Dz >> imm - Dz
PSTS MACH, Dz 111110*******xx*x MACH - Dz 1 —
110011010000zzzz
DCT PSTS MACH, Dz  11111Q******=**** |fDC =1, MACH - Dz 1 —
110011100000zzzz
DCF PSTS MACH, Dz  11111Q******=**** |fDC =0, MACH - Dz 1 —
110011110000zzzz
PSTS MACL, Dz 111110*******xx*x MACL - Dz 1 —
110111010000zzzz

Note: * See table 2.33.
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Execu-

Instruction Instruction Code Operation tSl?z;]tes DC
DCT PSTS MACL, Dz 111110*******xxx*x |fDC =1, MACL - Dz 1 —
110111100000zzzz
DCF PSTS MACL, Dz 111110*******xx* |f DC = 0, MACL - Dz 1 —
110111110000zzzz
PLDS Dz, MACH  111110*******xx*x Dz _, MACH 1 —
111011010000zzzz
DCT PLDS Dz, MACH 111110*****=*=**** |fDC =1, Dz -~ MACH 1 —
111011100000zzzz
DCF PLDS Dz, MACH 111110*****=***** |fDC =0, Dz -~ MACH 1 —
111011110000zzzz
PLDS Dz, MACL  111110*******xx*x D7 _, MACL 1 —
111111010000zzzz
DCT PLDS Dz, MACL  11111Q*****=x=**** |fDC =1, Dz -~ MACL 1 —
111111100000zzzz
DCF PLDS Dz, MACL  11111Q*****=*=*=*** |fDC =0, Dz -~ MACL 1 —
111111110000zzzz
PADDC Sx, Sy, Dz 111110*******x** Sy + Sy+ DC - Dz 1 Carry
10110000xxyyzzzz Carry - DC
PSUBC Sx, Sy, Dz 111110*******xx* Gy _Sy—-DC - Dz 1 Borrow
10100000xxyyzzzz Borrow - DC
PCWP Sx, Sy 111110*******x%** Sy _ Sy _, DC update” 1 *
10000100xxyy0000
PABS Sx, Dz 111110*******x*x*  JfSx<0,0—-Sx - Dz 1 *
10001000xx00zzzz If Sx>=0, nop
PABS Sy, Dz 111110*********x* |fSy<(0,0-Sy - Dz 1 *
1010100000yyzzzz If Sx>=0, nop
PRND Sx, Dz 111110********x*x* Sy + H'00008000 - Dz 1 *
10011000xx00zzzz LSW of Dz - H'0000
PRND Sy, Dz 111110*********x* Sy + H'00008000 - Dz 1 *
1011100000yyzzzz LSW of Dz - H'0000

Note: * See table 2.33.
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Table2.33 DC Bit Update Definitions

CS[2:0] Condition Mode

Description

0 O O Carryorborrow
mode

The DC bit is set if an ALU arithmetic operation generates a carry
or borrow, and is cleared otherwise.

When a shift instruction (PSHA or PSHL) is executed, the last bit
data shifted out is copied into the DC bit.

When an ALU logical operation is executed, the DC bit is always
cleared.

0 0 1 Negative value
mode

When an ALU arithmetic operation or arithmetic shift (PSHA)
operation is executed, the MSB of the result, including the guard
bits, is copied into the DC bit.

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

0 1 0 Zerovalue mode

The DC bit is set if the result of an ALU arithmetic or shift operation
is all-zeros, and is cleared otherwise.

0 1 1 Overflowmode

The DC bit is set if the result of an ALU arithmetic operation or
arithmetic shift (PSHA) operation exceeds the destination register
range, excluding the guard bits, and is cleared otherwise.

When an ALU logical operation or logical shift (PSHL) operation is
executed, the DC hit is always cleared.

1 0 O Signed greater-than
mode

This mode is similar to signed greater-or-equal mode, but DC is
cleared if the result is all-zeros.

DC = ~{(negative value ~ over-range) | zero value},
In case of arithmetic operation

DC = 0; In case of logical operation

1 0 1 Signed greater-or-
equal mode

If the result of an ALU arithmetic operation or arithmetic shift
(PSHA) operation exceeds the destination register range, including
the guard bits (ioverrangerl), the definition is the same as in
negative value mode. If the result is not over-range, the definition is
the negative value mode with the DC bit inverted.

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

DC = ~(negative value » over-range);
In case of arithmetic operation

DC =0 ;In case of logical operation

1 1 0 Reserved

1 1 1 Reserved
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Conditional Operations and Data Transfer: Some DSP instruction can be executed
conditionally, as described earlier. The specified condition isvalid only for the B field of the
instruction, and is not valid for data transfer instructions for which a parallel specification is made.
Examples are shown in figure 2.17.

DCT PADD X0,Y0,A0 MOVX.W @R4+,X0 MOVY.W AQO,QR6+R9 ;

When condition is True

Before execution: X0=H'33333333, YO0=H'55555555, AQ0=H'123456789A,
R4=H'00008000, R6=H'00008233, R9=H'00000004
(R4)=H"'1111, (R6)=H'2222

After execution: X0=H'11110000, Y0=H'55555555, AO=H'FF88888888,
R4=H'00008002, R6=H'00008237, R9=H'00000004
(R4)=H"'1111, (R6)=H'3456

When condition is False

Before execution: Xx0=H'33333333, YO=H'55555555, A0=H'123456789A,
R4=H'00008000, R6=H'00008233, R9=H'00000004
(R4)=H'1111l, (R6)=H'2222

After execution: X0=H'11110000, YO0=H'55555555, AQ0=H'123456789A,
R4=H'00008002, R6=H'00008237, R9=H'00000004
(R4)=H'1111, (R6)=H'3456

Figure2.17 Examplesof Conditional Operationsand Data Transfer Instructions

Assignment of NOPX and NOPY Instruction Codes: When thereis no datatransfer instruction
to be parallel-processed simultaneously with a DSP operation instruction, an NOPX or NOPY
instruction can be written as the data transfer instruction, or the instruction can be omitted. The
instruction code is the same whether an NOPX or NOPY instruction is written or the instruction is
omitted. Examples of NOPX and NOPY instruction codes are shown in table 2.34.
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Table2.34 Examplesof NOPX and NOPY Instruction Codes

Instruction Code
PADD X0, YO, A0 MOVX. W @4+, XO MOVY. W @6+R9, YO 1111100000001011
1011000100000111
PADD X0, YO, AO NOPX MOVY. W @R6+R9, YO 1111100000000011
1011000100000111
PADD X0, YO, AO NOPX NOPY 1111100000000000
1011000100000111
PADD X0, YO, AO NOPX 1111100000000000
1011000100000111
PADD X0, YO, AO 1111100000000000
1011000100000111
MOVX. W @R4+, X0 MOVY. W @R6+R9, YO 1111000000001011
MOVX. W @4+, X0 NOPY 1111000000001000
MOVS. W @4+, X0 1111010010001000
NOPX MOVY. W @R6+R9, YO 1111000000000011
MOVY. W @R6+R9, YO 1111000000000011
NOPX NOPY 1111000000000000
NOP 0000000000001001

RENESAS
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Section 3 Memory Management Unit (MMU)

31 Overview

311 Features

The SH7729R has an on-chip memory management unit (MMU) that implements address
trandation. The SH7729R features a resident translation look-aside buffer (TLB) that caches
information for user-created address trandation tables located in external memory. It enables high-
speed trandation of virtual addresses into physical addresses. Address translation uses the paging
system and supports two page sizes (1 kbyte and 4 kbytes). The access right to virtual address
space can be set for privileged and user modes to provide memory protection.

312 Role of MM U

The MMU is afeature designed to make efficient use of physical memory. As shown in figure 3.1,
if aprocessissmaller in size than the physical memory, the entire process can be mapped onto
physical memory. However, if the process increases in size to the extent that it no longer fits into
physical memory, it becomes necessary to partition the process and to map those parts requiring
execution onto memory as occasion demands (1). Having the processitself consider this mapping
onto physical memory would impose a large burden on the process. To lighten this burden, the
idea of virtual memory was born as a means of performing en bloc mapping onto physical
memory (2). In avirtual memory system, substantially more virtual memory than physical
memory is provided, and the process is mapped onto this virtual memory. Thus a process only has
to consider operation in virtual memory. Mapping from virtual memory to physical memory is
handled by the MMU. The MMU is normally controlled by the operating system, switching
physical memory to allow the virtual memory required by a process to be mapped onto physical
memory in a smooth fashion. Switching of physical memory is carried out via secondary storage,
etc.

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

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

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

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

In the following text, the SH7729R address space in virtual memory isreferred to as virtual
address space, and address space in physica memory as physical memory space.
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313 SH7729R MMU

Virtual Address Space: The SH7729R uses 32-bit virtual addresses to access a 4-Gbyte virtua
address space that is divided into several areas. Address space mapping is shown in figure 3.2.

(a) Privileged Mode

In privileged mode, there are five areas, PO—P4. The PO and P3 areas are mapped onto physical
address space in page units, in accordance with address trandl ation table information. Write-back
or write-through can be selected for write access by means of a cache control register (CCR)
setting.

Mapping of the P1 areaisfixed in physical address space (H'00000000 to H'1FFFFFFF). Inthe
P1 area, setting a virtual address MSB (bit 31) to 0 generates the corresponding physical address.
P1 area accesses can be cached, and the cache control register (CCR) is set to indicate whether to
cache or not. Write-back or write-through mode can be selected.

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

The P1 and P2 areas are not mapped by the address trandlation table, so the TLB is not used and
no exceptions such as TLB misses occur. Initialization of MMU control registers, exception
handling routines, and the like should be located in the P1 and P2 areas. Routines that require
high-speed processing should be placed in the P1 area, since it can be cached.

Some peripheral module control registers are located in area 1 of the physical address space. When
the physical address space is not used for address translation, these registers should be located in
the P2 area. When address tranglation isto be used, set no caching.

The P4 areais used for mapping peripheral module register addresses, etc.
(b) User Mode

In user mode, 2 Ghytes of the virtual address space from H'00000000 to H'7FFFFFFF (area UQ)
can be accessed. UO is mapped onto physical address space in page units, in accordance with
address tranglation table information. When the DSP bit in CPU status register (SR) is off, 2
Gbytes of the virtual address space from H'80000000 to H'FFFFFFFF cannot be accessed in the
user mode. Attempting to do so creates an address error. Write-back or write-through mode can
be selected for write accesses by means of a cache control register (CCR) setting. When the DSP
bit in CPU status register (SR) ison, a new 16-Mbyte address space, Uxy, is defined from address
H'A5000000 to H'ASFFFFFF for X/Y RAM. This Uxy space is non-cached, fixed physical
address space. Any access to address space beyond U0 and Uxy creates an address error. For
details of the X/Y RAM space, refer to section 6, X/Y Memory.
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H'00000000 H'00000000

2-Gbyte virtual space, 2-Gbyte virtual space,

cacheable Area PO cacheable Area U0
(write-back/write-through) (write-back/write-through)
H'80000000 0.5-Gbyte fixed physical H'80000000
space, cacheable Area P1 Address error
(write-back/write-through)
H'A0000000 0.5-Gbyte fixed Area Uxy
physical space, Area P2 (Ehxists only
when

non-cacheable

Address error SR.DSP =1)

H'C0000000 | 0.5-Gbyte virtual space,
cacheable Area P3
(write-back/write-through)

H'E0000000
0.5-Gbyte control space,
non-cacheable Area P4
H'FFFFFFFF H'FFFFFFFF
Privileged mode User mode

Figure3.2 Virtual Address Space Mapping

Physical Address Space: The SH7729R supports a 32-bit physical address space, but the upper 3
bits are actually ignored and treated as a shadow. See section 11, Bus State Controller (BSC), for
details.

Address Trandation: When the MMU is enabled, the virtual address space is divided into units
called pages. Physical addresses are translated in page units. Address translation tables in external
memory hold information such as the physical address that corresponds to the virtual address and
memory protection codes. When an access to an area other than P4 occurs, if the accessed virtual
address belongs to area P1 or P2 there isno TLB access and the physical addressis uniquely
defined. If it belongs to area PO, P3, or UO, the TLB is searched by virtual address and, if that
virtual addressisregistered in the TLB, the access hits the TLB. The corresponding physical
address and the page control information are read from the TLB and the physical addressis
determined.
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If the virtual addressis not registered inthe TLB, a TLB miss exception occurs and processing
will shift to the TLB miss handler. In the TLB miss handler, the TLB address translation table in
external memory is searched and the corresponding physical address and the page control
information are registered in the TLB. After returning from the handler, the instruction that caused
the TLB missis re-executed. When the MMU is enabled, address trandlation information that
resultsin a physical address space of H'80000000—H'FFFFFFFF should not be registered in the
TLB.

When the MMU is disabled, the virtual addressis used directly as the physical address. Asthe
SH7729R supports a 29-bit address space as the physical address space, the top 3 bits of the
physical address are ignored, and constitute a shadow space (see section 11, Bus State Controller
(BSC)). For example, addresses H'00001000 in the PO area, H'80001000 in the P1 area,
H'A0001000 in the P2 area, and H'C0001000 in the P3 area are all mapped onto the same physical
address. When access to these addresses is performed with the cache enabled, an address with the
top 3 bits of the physical address masked to O is stored in the cache address array to ensure data
congruity.

Single Virtual Memory Mode and Multiple Virtual Memory Mode: There are two virtual
memory modes: single virtual memory mode and multiple virtual memory mode. In single virtual
memory mode, multiple processes run in parallel using the virtual address space exclusively and
the physical address corresponding to a given virtual addressis specified uniquely. In multiple
virtual memory mode, multiple processes run in parallel sharing the virtual address space, so a
given virtual address may be translated into different physical addresses depending on the process.
Single or multiple virtual mode is selected by avalue set in the MMU control register (MMUCR).
In terms of operation, the only difference between single virtual memory mode and multiple
virtual memory mode isin the TLB address comparison method (see section 3.3.3, TLB Address
Comparison).

Address Space | dentifier (ASID): In multiple virtual memory mode, the address space identifier
(ASID) is used to differentiate between processes running in parallel and sharing virtual address
space. The ASID is 8 bitsin length and can be set by software setting of the ASID of the currently
running process in the page table entry register high (PTEH) within the MMU. When the process
isswitched using the ASID, the TLB does not have to be purged.

In single virtual memory mode, the ASID is used to provide memory protection for processes
running simultaneously and using the virtual address space exclusively (see section 3.4.2, MMU
Software Management).
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314 Register Configuration
Table 3.1 shows the configuration of the MMU control registers.

Table3.1 Register Configuration

Name Abbreviation R/W Size Initial Value*! Address
Page table entry register high PTEH R/W Longword Undefined H'FFFFFFFO
Page table entry register low PTEL R/W Longword Undefined H'FFFFFFF4
Translation table base TTB R/W Longword Undefined H'FFFFFFF8
register

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

MMU control register MMUCR RMW Longword *2 H'FFFFFFEO

Notes: 1. Initialized by a power-on reset or manual reset.
2. SV bit: Undefined
Other bits: 0

3.2 Register Description

There arefive registers for MMU processing. These registers are located in address space area P4
and can only be accessed from privileged mode by specifying the address.

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

2. The page table entry register low (PTEL) register residing at address H'FFFFFFF4, and used to
store the physical page number and page management information to be recorded in the TLB
by the LDTLB instruction. The contents of this register are only modified in response to a
software command. (Refer to section 3.4.3, MMU Instruction (LDTLB), and section 3.5,
MMU Exceptions.)

3. Thetrandlation table base register (TTB) residing at address H'FFFFFFF8, which points to the
base address of the current page table. The software does not set any valuein TTB
automatically. TTB isavailable to software for general purposes.

4. The TLB exception address register (TEA) residing at address H'FFFFFFFC, which stores the
virtual address corresponding to a TLB or address error exception. Thisvalue remainsvalid
until the next exception or interrupt.
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5. The MMU control register (MMUCR) residing at address H'FFFFFFEQ, which makes the
MMU settings described in figure 3.3. Any program that modifies MMUCR should reside in
the P1 or P2 area.

The MMU registers are shown in figure 3.3.

31 10 7 0
| VPN |0 | ASID |
PTEH
31 2928 109876 43210
| 000 | PPN |0WOPwkde%Hw
PTEL
31 0

| TTB
TTB
31 0

Virtual address causing MMU exception
or address error exception

TEA
31 8 7654321 0

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

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

specified in a write to MMUCR only.

SV: 0: Multiple virtual memory mode
1: Single virtual memory mode

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

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

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

AT: Address translation bit. Enables/disables the MMU.
0: MMU disabled
1: MMU enabled

Note: * Refer to section 3.3, TLB Functions.

Figure3.3 MMU Register Contents
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3.3

331

TLB Functions

Configuration of the TLB

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

overall TLB configuration. The TLB is4-way set associative with 128 entries. There are 32 entries

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

Entry O
Entry 1

Entry 31

Ways 0-3
[ I I I
[ I I I
[ I I I |
VPN(31-17) |VPN(11-10)| ASID(7-0) | V | H Entry 0
H Entry 1
H Entry 31

Address array

Ways 0-3

PPN(28-10)

PR(1-0)/SZ| C

Data array

Figure3.4 Overall Configuration of the TLB
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31 10 9 0
| VPN | Offset |

Virtual address (1-kbyte page)

31 12 11 0
| VPN | Offset |

Virtual address (4-kbyte page)

(13) 2) 8 (1 (29) 2 MmmMm
[VPN (31-17)] VPN (11-10)] ASID [ V | PPN |PR [sz|c|sH|D |
TLB entry
Legend

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

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

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

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

V: Valid bit. Indicates whether entry is valid.

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

PPN: Physical page number. Upper 29 bits of physical address. PPN bits 11-10 are not used in
case of a 4-kbyte page. Attention must be paid to the synonym problem in case of a 1-kbyte
page (see section 3.4.4, Avoiding Synonym Problems).

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

00: Reading only is possible in privileged mode.
01: Reading/writing is possible in privileged mode.
10: Reading only is possible in privileged/user mode.
11: Reading/writing is possible in privileged/user mode.

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

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

Figure3.5 Virtual Addressand TLB Structure
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332 TLB Indexing

The TLB uses a 4-way set associative scheme, so entries must be selected by index. VPN bits 16
to 12 and ASID bits4 to 0 in PTEH are used as the index number. The index number can be
generated in two different ways depending on the setting of the IX bitin MMUCR.

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

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

Virtual address PTEH register
31 1716 1211 0 31 10 7 0
| | VPN | 0 | ASID |
ASID(4-0
Exclusive-OR )« e
Index
Ways 0 to 3

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

31

Address array Data array

Figure3.6 TLB Indexing (I1X =1)
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Virtual address
31 1716 1211 0

Index

Ways 0to 3

0 VPN(31-17) |VPN(11-10) | ASID(7-0) | V L{|PPN(28-10) |PR(1-0)|SZ| C | D |SH

31

Address array Data array

Figure3.7 TLB Indexing (I1X =0)

333 TLB Address Comparison

A TLB address comparison is performed when an instruction is fetched from a program in

external memory or datain external memory isreferenced. The items used in the comparison are
VPN and ASID. The VPN of the virtual address that accesses external memory is compared to the
VPN of the TLB entry selected with the index number. The ASID within the PTEH is compared to
the ASID of theindexed TLB entry. All four ways are searched simultaneously. If the compared
values match, and the indexed TLB entry isvalid (V bit = 1), the hit is registered.

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

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

The page-size information determines whether VPN (11-10) is compared. VPN (11-10) is
compared for 1-kbyte pages (SZ = 0) but not for 4-kbyte pages (SZ = 1).
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The sharing information (SH) determines whether PTEH.ASID and the ASID inthe TLB entry are
compared. ASIDs are compared when there is no sharing between processes (SH = 0) but not
when thereis sharing (SH = 1).

When single virtual memory is supported (MMUCR.SV = 1) and privileged mode is engaged
(SR.MD =1), al process resources can be accessed. This meansthat ASIDs are not compared
when single virtual memory is supported and privileged mode is engaged. The objects of address
comparison are shown in figure 3.8.

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

No (4 kbytes) No (4 kbytes)

Yes (1 kbyte) Yes (1 kbyte)

A\
Bits compared:

A\ 4

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

Bits compared:
VPN (31-17)

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

VPN (31-17)
ASID (7-0)

Figure 3.8 Objects of Address Comparison
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3.34

Page M anagement I nfor mation

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

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

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

The PR field specifies the access rights for the page in privileged and user modes and is used to
protect memory. Attempts at nonpermitted accesses result in TLB protection violation exceptions.

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

Table3.2 Access States Designated by D, C, and PR Bits
Privileged Mode User Mode
Reading Writing Reading Writing
D bit 0 Permitted Initial page write Permitted Initial page write
exception exception
Permitted Permitted Permitted Permitted
C bit 0 Permitted Permitted Permitted Permitted
(no caching) (no caching) (no caching) (no caching)
1 Permitted Permitted Permitted Permitted
(with caching) (with caching) (with caching) (with caching)
PRbit 00 Permitted TLB protection TLB protection TLB protection
violation exception violation violation exception
exception
01 Permitted Permitted TLB protection TLB protection
violation violation exception
exception
10  Permitted TLB protection Permitted TLB protection
violation exception violation exception
11  Permitted Permitted Permitted Permitted
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34 MMU Functions

341 MM U Hardwar e Management

There are two kinds of MM U hardware management as follows:

1

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

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

34.2 MM U Softwar e Management

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

1

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

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

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

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

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

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

Figure 3.9 shows the case where the I X bitin MMUCR is 0.

When an MMU exception occurs, the virtual page number of the virtual address that caused the
exception is set in PTEH by hardware. Theway is set in the RC bit of MMUCR for each
exception (see figure 3.3). Consequently, if the LDTLB instruction isissued after setting only
PTEL inthe MMU exception handling routine, TLB entry recording is possible. Any TLB entry
can be updated by software rewriting of PTEH and the RC bitsin MMUCR.

Asthe LDTLB instruction changes address trandlation information, there isarisk of destroying
address trandation information if thisinstruction isissued in the PO, UQ, or P3 area. Make sure,
therefore, that thisinstruction isissued in the P1 or P2 area. Also, an instruction associated with an
access to the PO, UO, or P3 area (such as the RTE instruction) should be issued at least two
instructions after the LDTLB instruction.
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MMUCR

31 9 0
o [sv[o]olrelo[te] w[aT]
Index T Way selection
PTEH register —1— PTEL register
31 17 12 10 8 0 312928 10 0
VPN ‘ ‘VPN ‘ 0‘ ASID | ’OOO‘ PPN ‘O‘V‘O‘PR‘SZ‘C‘D‘SH‘O‘
v
Ways 0 to 3
[ I I — I I —
[ 1 1 i m— 1 S N E
0| VPN(31-17) VPN(11-10) | ASID(7-0) |V PPN(28-10) PR(1-0)|SZ|C D |SH
—>
31

Address array Data array

Figure3.9 Operation of LDTLB Instruction

344 Avoiding Synonym Praoblems

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

To achieve high-speed operation of the SH7729R cache, an index number is created using virtual
address bits 11-4. When a 4-kbyte page is used, virtual address bits 114 are included in the
offset, and since they are not subject to address trand ation, they are the same as physical address
bits 11—4. In cache-based address comparison and recording in the address array, since the cache
tag addressis a physical address, physical address bits 28-10 are recorded.

When a 1-kbyte page is used, also, a cache index number is created using virtual address bits 11-4.
However, in case of a 1-kbyte page, virtual address bits 11 and 10 are subject to address

trand ation and therefore may not be the same as physical address bits 11 and 10. Consequently,
the physical addressis recorded in a different entry from that of the index number indicated by the
physical addressin the cache address array.
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Note:  When multiple address information items use the same physical memory to provide for
future expansion of the SuperH RISC engine family, it is recommended that VPN[20:10]
be made equal. Also, the same physical addresses should not be used with different page
size address conversion information.

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

Virtual address1 H'00000000 - physical address H'00000C00
Virtual address2 H'00000C00 - physical address H'00000C00

Virtual address 1 isrecorded in cache entry H'00, and virtual address 2 in cache entry H'CO. Since
two virtual addresses are recorded in different cache entries despite the fact that the physical
addresses are the same, memory inconsistency will occur as soon as awrite is performed to either
virtual address. Therefore, when recording a 1-kbyte TLB entry, if the physical addressis the same
asaphysical address already used in another TLB entry, it should be recorded in such away that
physical address bits 11 and 10 are the same.
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When using a 4-kbyte page
Virtual address

31 121110 0
VPN R\ Offset |

>

Virtual address (11-4)

Physical address
31 2928 121110 0
| 000 | PPN N offset |

Physical address (28-10) >

Cache address
array

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

VPN N ﬁ Offset |

. Virtual address (11-4) q
Physical address

31 2928 11109 0
| 000 | PPN N\ offset |

Physical address (28-10) q

Cache address
array

Figure3.10 Synonym Problem
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35 MMU Exceptions

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

351 TLB Miss Exception

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

Hardware Operations. InaTLB miss, the SH7729R hardware executes a set of prescribed
operations, as follows:

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

3. Either exception code H'040 for aload access, or H'060 for a store access, iswritten to the
EXPEVT register.

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

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

status register (SSR).

The mode (MD) hit in SR is set to 1 to place the SH7729R in privileged mode.

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

Theregister bank (RB) bit in SRisset to 1.

The random counter (RC) field in the MMU control register (MMUCR) isincremented by 1

when all ways are checked for the TLB entry corresponding to the virtual address at which the

exception occurred, and all ways are valid. If one or more ways are invalid, those ways are set

in RC in prioritized order from way 0 through way 1, way 2, and way 3.

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

© © N o

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

1. Write the value of the physical page number (PPN) field and the protection key (PR), page size
(S2), cacheable (C), dirty (D), share status (SH), and valid (V) bits of the page table entry
recorded in the address trandlation table in external memory into the PTEL register in the
SH7729R.
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2. If using software for way selection for entry replacement, write the desired value to the RC
fieldin MMUCR.

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

4. lIssue an RTE (return from exception handler) instruction to terminate the handler and return to
the instruction stream. The RTE instruction should be issued after two LDTLB instructions.

352 TLB Protection Violation Exception

A TLB protection violation exception occurs when the virtual address and the address array of the
selected TLB entry are compared and avalid entry isfound to match, but the type of accessis not
permitted by the access rights specified in the PR field. TLB protection violation exception
handling includes both hardware and software operations.

Hardware Operations: InaTLB protection violation exception, the SH7729R hardware executes
a set of prescribed operations, asfollows:

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

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

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

The contents of SR at the time of the exception are written to SSR.
The MD bitin SRis set to 1 to place the SH7729R in privileged mode.
TheBL bitin SR isset to 1 to mask any further exception requests.
Theregister bank (RB) bit in SRisset to 1.

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

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

© © N o u

Software (TLB Protection Violation Handler) Operations: Software resolvesthe TLB
protection violation and issues an RTE (return from exception handler) instruction to terminate the
handler and return to the instruction stream. The RTE instruction should be issued after two
LDTLB instructions.
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353 TLB Invalid Exception

A TLB invalid exception occurs when the virtual addressis compared to a selected TLB entry
address array and a match is found but the entry isnot valid (the V bitis0). TLB invalid exception
handling includes both hardware and software operations.

Hardware Operations: InaTLB invalid exception, the SH7729R hardware executes a set of
prescribed operations, asfollows:

A w DN

o

© © N

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

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

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

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

The mode (MD) hit in SR is set to 1 to place the SH7729R in privileged mode.
Theblock (BL) bitin SR is set to 1 to mask any further exception requests.
Theregister bank (RB) bit in SRisset to 1.

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

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

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

1

Write the values of the physical page number (PPN) field and the val ues of the protection key
(PR), page size (S2), cacheable (C), dirty (D), share status (SH), and valid (V) bits of the page
table entry recorded in the external memory to the PTEL register.

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

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

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

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

Hardware Operations. In aninitial page write exception, the SH7729R hardware executes a set
of prescribed operations, asfollows:

A w DN

© © N o u»

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

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

The contents of SR at the time of the exception are written to SSR.
The MD bitin SRis set to 1 to place the SH7729R in privileged mode.
TheBL bitin SR isset to 1 to mask any further exception requests.
Theregister bank (RB) bit in SRis set to 1.

The way that caused the exceptionis set in the RC fieldin MMUCR.

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

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

Softwar e (I nitial Page Write Handler) Operations: The software must execute the following
operations:

1
2.
3.

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

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

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

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

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

Figure 3.11 shows the flowchart for MMU exceptions.
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No
and ASIDs
Yes match?
No
\4 l
TLB miss TLB invalid
exception exception

User mode User or

privileged?

Privileged mode

A4 A 4

| PR check | | PR check |
00/01 10 11 01/11 00/10
w w W
R/W?
R R R
Yy A\ \ 4 v
TLB protection TLB protection
violation exception
exception
A4
Initial page No (noncacheable) Yes (cacheable)
write
exception Memory Cache

access access

Figure3.11 MMU Exception Generation Flowchart
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355 Processing Flow in Event of MM U Exception (Same Processing Flow for Address
Error)

MM U Exception in Instruction Fetch Mode

TLB-related exception signals in an instruction fetch

I [

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

Handler transition
processing

I:I: Exception source stage

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

Figure3.12 MMU Exception Signalsin Instruction Fetch
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MM U Exception in Data Access M ode

TLB-related exception signals in a data access

—

IF | ID| EX| MA [ WB
IF | ID | EX [MAflWB

IF | ID [[EX[| MAI[ WB
ID | EX| MA| WB

Handler transition
ID | EX] MA | WB processing
ID | EX | MA |8 |
NOP |
NOP

MMU exception handler —»
|:| : Exception source stage

: Stage cancellation for instruction
that has begun execution

IF [ ID [EX |mA| wB |

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

Figure3.13 MMU Exception Signalsin Data Access
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35.6 MM U Exception in Repeat L oop

When an MMU exception or CPU address error occurs immediately before or within a repeat
loop, the PC of the instruction that generated the exception cannot be saved in SPC correctly and
the repeat loop cannot be restarted after returning from the exception handler. EXPEVT is set to
H'070in cases of TLB miss, TLB invalid, and CPU address error. EXPEVT isset to H'ODO in
case of TLB protection violation. Figure 3.14 shows where such cases occur.

In arepeat loop of 4 or more instructions, only the last 4 instructions are relevant (see figure 3.14

(4)).

(1) 1 instruction repeated (inst1, SR.RC=2)

inst-1 [ IF | ID [EX|MA[WB

inst0 IF [ 1D |EX[MA|WB

inst1 | IF | ID [ EX[MA[WB

inst1 IF | ID | EX[MA|WB
inst2 IF [ 1D [ EX|MA|WB]

(2) 2 instructions repeated (inst1 and inst2, SR.RC=2)

inst-1 [ IF | ID [EX|MA[WB

inst0 IF | ID |EX[MA]WB

inst1 IF [ D | EX[MA|WB

inst2 IF | ID | EX[MA|WB

inst1 IF | ID [ EX[MA| WB]

inst2 IF | ID [ EX|[MA|WB
inst3 IF | 1D [ EX[MA]WB]

(3) 3instructions repeated (inst1, inst2 and inst3, SR.RC=2)

inst-1 [ IF [ ID [ EX|MA[WB

inst0 | IF | 1D |EX|MA|WB

inst1 IF | ID | EX|MA[wB

inst2 IF | 1D |EX|MA|WB

inst3 IF | 1D [ EX|MA|WB

inst1 IF | ID|EX|MA|WB

inst2 IF | ID | EX|MA|WB

inst3 IF [ D | EX][MA|WB]
inst4 IF [ 1D | EX[MA|WB]

|:| : Exception source stage where SPC is not correct
and repeat loop can not be restarted

Figure3.14 MMU Exception in Repeat L oop
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(4) 4 or more instructions repeated (inst1, inst2, ..., instN, SR.RC=2)

inst-1 | IF | ID | EX|MA[WB
inst0 IF | ID | EX|MA|WB

inst1 IF [ 1D | EX|MA[wB]
inst2 IF [ 1D [ EX|MA|[WB]

instN-3 [IF] D [EX[MA]WB

instN-2 L IF | b [EX|[MA]wB|

instN-1 IF [ 1D [ EX|MA|WB]

instN IF [ 1D [EX[MA]WB
inst1 IF [ ID | EX|MA|WB
inst2 IF | ID | EX|MA[WB

instN-3 IF [ 1D | EX|MA|WB

instN-2 IF | D | EX|MA|WB

instN-1 IF | 1D | EX|MA|WB]
instN IF | D[ EX|[MA]wWB
instN+1 IF [ 1D [EX|MA]WB

|:| : Exception source stage where SPC is not correct
and repeat loop can not be restarted

Figure3.14 MMU Exception in Repeat L oop (cont)

3.6 Memory-Mapped TLB

In order for TLB operationsto be managed by software, TLB contents can be read or writtentoin
privileged mode using the MOV instruction. The TLB is assigned to the P4 areain the virtua
address space. The TLB address array (VPN, V bit, and ASID) is assigned to H'F2000000—
H'F2FFFFFF, and the data array (PPN, PR, SZ, C, D, and SH bits) to H'F3000000-H'F3FFFFFF.
TheV bit in the address array can aso be accessed from the data array. Only longword accessis
possible for both the address array and the data array.

3.6.1 Address Array

The address array is assigned to H'F2000000-H'F2FFFFFF. To access an address array, the
32-bit addressfield (for read/write operations) and 32-bit data field (for write operations) must be
specified. The address field specifiesinformation for selecting the entry to be accessed; the data
field specifiesthe VPN, V hit and ASID to be written to the address array (figure 3.15 (1)).

In the address field, specify VPN (16-12) as the index address for selecting the entry (bits 16-12),
the W bits for selecting the way (bits 9-8), and H'F2 to indicate address array access (bits 31-24).
The X bitin MMUCR indicates whether the EX-OR of VPN (16-12) and ASID (4-0) inthe
PTEH register is used as the index address.
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When writing, the write is performed to the entry selected with the index address and way.

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

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

3.6.2 Data Array

The data array is assigned to H'F3000000-H'F3FFFFFF. To access a data array, the 32-bit address
field (for read/write operations), and 32-bit data field (for write operations) must be specified. The
address section specifies information for selecting the entry to be accessed; the data section
specifies the longword data to be written to the data array (figure 3.15 (2)). Longword data has the
same bit configuration as PTEL.

In the address field, specify VPN (16-12) as the index address for selecting the entry (bits 16-12),
the W bits for selecting the way (bits 9-8), and H'F3 to indicate data array access (bits 31-24).
The X bitin MMUCR indicates whether the EX-OR of VPN (16-12) and ASID (4-0) inthe
PTEH register is used as the index address.

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

- Read access

31 24 23 1716 121110987 6 0

Address field [ 11110010 [x -~ ---- «| veN [#[#] w o] o «]
31 1716 121110987 0

Data field | VPN [o-----olveNJolv]  AsiD |

- Write access

31 24 23 17 16 12111098 7 6 0
Address field | 11110010 T *l VPN |*|*| w |0|* ........... *l
31 1716 12111098 7 0
Data field | VPN [+ x [VPN[#] V] ASID |
VPN: Virtual page number ASID: Address space identifier
V: Valid bit +: Don't care bit

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

(2) TLB Data Array Access

- Read/write access

31 24 23 17 16 12111098 7 0
Address field | 11110011 Ko, * | VPN |* |*| w | oot *l
31 109 87654 32 10
Data field | PPN [x|v]x|PR[sz|c |D][sH[X]
PPN: Physical page number V: Valid bit
PR: Protection key field SZ: Page-size bit
C: Cacheable bit D: Dirty bit
SH: Share status bit #: Don't care bit

VPN: Virtual page number
X: 0 for read, don’t care bit for write
W: Way (00: Way 0, 01: Way 1, 10: Way 2, 11: Way 3)

Figure3.15 Specifying Address and Data for M emory-Mapped TLB Access
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3.6.3 Usage Examples

Invalidating Specific Entries: Specific TLB entries can be invalidated by writing O to theentry’s
V bit. RO specifies the write data and R1 specifies the address.

RO=H 1547 381C R1=H F201 30
; MMUCR. | X=0
VPN(31-17) =B' 0001 0101 0100 011  VPN(11-10)=B 10 ASID=B 0001 1100
corresponding entry association is made fromthe entry sel ected by
the VPN(16-12)=B'1 0011 index, the V bit of the hit way is cleared to
; 0,achieving invalidation.
MOV.L RO, @Rl

Reading the Data of a Specific Entry: This example reads the data section of a specific TLB
entry. The dataisread in the bit order indicated in the data field in figure 3.15 (2) isread. RO
specifies the address and the data section of a selected entry isread to R1.

Rl=H F300 4300 VPN(16-12)=B 00100 \ay 3
. MOV.L @0, Rl

3.7 Usage Note

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

41 Overview

411 Features

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

41.2 Register Configuration

Table 4.1 liststhe registers used for exception handling. A register with an undefined initial value
should beinitialized by software.

Table4.1 Register Configuration

Register Abbr. R/W  Size Initial Value Address

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

Exception event register EXPEVT R/W Longword Power-on reset: H'000 H'FFFFFFD4
Manual reset: H'020**

Interrupt event register INTEVT R/MW Longword Undefined H'FFFFFFD8
Interrupt event register2 INTEVT2 R Longword  Undefined H'04000000
(H'A4000000)*?

Notes: 1. H'000 is setin a power-on reset, and H'020 in a manual reset.

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

4.2 Exception Handling Function

421 Exception Handling Flow

In exception handling, the contents of the program counter (PC) and status register (SR) are saved
in the saved program counter (SPC) and saved status register (SSR), respectively, and execution of
the exception handler isinvoked from avector address. The return from exception handler (RTE)
instruction isissued by the exception handler routine on completion of the routine, restoring the
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contents of PC and SR to return to the processor state at the point of interruption and the address
where the exception occurred.

A basic exception handling sequence consists of the following operations:

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

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

The mode (MD) hit in SR is set to 1 to place the SH7729R in privileged mode.
Theregister bank (RB) bit in SRisset to 1.

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

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

ok~ wbdpRE

422 Exception Vector Addresses

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

»
>

'

VBR + Vector offset ——

(Vector base address)

H'A000 0000 ——»

Vector table

Figure4.1 Vector Table

Intable 4.2, exceptions and their vector addresses are listed by exception type, instruction
completion state, relative acceptance priority, relative order of occurrence within an instruction
execution sequence and vector address for exceptions and their vector addresses.
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Table4.2

Exception Event Vectors

Exception Current Exception Vector Vector
Type Instruction Exception Event Priority"‘l Order Address Offset
Reset Aborted Power-on reset 1 — H'A00000000 —
Manual reset 1 — H'A00000000 —
UDI reset 1 — H'A00000000 —
General Aborted CPU address error 2 1 — H'00000100
exception and retried (instruction access)
events TLB miss (instruction 2 2 — H'00000400
access not in repeat
loop)
TLB miss (instruction 2 2 — H'00000100
access in repeat Ioop)*4
TLB invalid (instruction 2 3 — H'00000100
access)
TLB protection violation 2 4 — H'00000100
(instruction access)
General illegal 2 5 — H'00000100
instruction exception
lllegal slot instruction 2 5 — H'00000100
exception
CPU address error 2 6 — H'00000100
(data access)
TLB miss (data access 2 7 — H'00000400
not in repeat loop)
TLB miss (data access 2 7 — H'00000100
in repeat loop)**
TLB invalid (data 2 8 — H'00000100
access)
TLB protection violation 2 9 — H'00000100
(data access)
Initial page write 2 10 — H'00000100
Completed Unconditional trap 2 5 — H'00000100
(TRAPA instruction)
User breakpoint trap 2 n*2 — H'00000100
DMA address error 2 — — H'00000100
General Completed Nonmaskable interrupt 3 — — H'00000600
interrupt External hardware 4*3 — — H'00000600
requests interrupt
UDI interrupt 4*3 — — H'00000600

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

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

3. Use software to specify relative priorities of external hardware interrupts and peripheral
module interrupts (see section 7, Interrupt Controller (INTC)).

4. See section 4.5.2, General Exceptions, for details.

423 Acceptance of Exceptions

Processor resets and interrupts are asynchronous events unrelated to the instruction stream. All
exception events are prioritized to establish an acceptance order whenever two or more exception
events occur simultaneously.

All general exception events occur in arelative order in the execution sequence of aninstruction
(i.e. execution order), but are handled at priority level 2 ininstruction-stream order (i.e. program
order), where an exception detected in a preceding instruction is accepted prior to an exception
detected in a subsequent instruction.

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

Instruction n | IF [ D | Ex [ mA [wB ]

¢ A TLB miss (data access)
Instruction n + 1 | F | o [Ex | wma[ws |

¢ A TLB miss (instruction access)
Instruction n + 2 | IF | D [ EX [ mA [wB ]

ARiE (reserved instruction exception)
Detection Order:

TLB miss (instruction n+1)

'

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

TLB miss (instruction n)

¢ 1

Re-execution of instruction n

'

TLB miss (instruction n + 1)

¢ 2

Re-execution of instruction n + 1

'

RIE (instruction n + 2) 3

IF = Instruction fetch

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

WB = Write back

Figure4.2 Example of Acceptance Order of General Exceptions

All exceptions other than areset are detected in the pipeline D stage, and accepted at instruction
boundaries. However, an exception is not accepted between a delayed branch instruction and the
delay dot. A re-execution type exception detected in a delay slot is accepted before execution of
the delayed branch instruction. A completion type exception detected in a delayed branch
instruction or delay slot is accepted after execution of the delayed branch instruction. The delay
dot here refersto the next instruction after a delayed unconditional branch instruction, or the next
instruction when a delayed conditional branch instruction istrue.
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424 Exception Codes

Table 4.3 lists the exception codes written to EXPEV T register (for reset or general exceptions) or
the INTEVT and INTEV T2 registers (for general interrupt requests) to identify each specific
exception event.

Table4.3  Exception Codes

Exception Type Exception Event Exception Code
Reset Power-on reset H'000
Manual reset H'020
UDI reset H'000
General exception events TLB miss/invalid (read) H'040
TLB miss/invalid (write) H'060
TLB miss/invalid/CPU Address error in H'070
repeat loop
Initial page write H'080
TLB protection violation (read) H'0A0
TLB protection violation (write) H'0CO
TLB protection violation in repeat loop H'0DO
CPU address error (read) H'OEO
CPU address error (write) H'100
Unconditional trap (TRAPA instruction) H'160
lllegal general instruction exception H'180
lllegal slot instruction exception H'1A0
User breakpoint trap H'1EO
DMA address error H'5C0
General interrupt requests Nonmaskable interrupt H'1CO
UDI interrupt H'5EQ
External hardware interrupts:
IRL3-IRLO = 0000 H'200
IRL3-IRLO = 0001 H'220
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Exception Type

Exception Event

Exception Code

General interrupt requests

(cont)

External hardware interrupts (cont):

IRL3—-IRLO = 0010

H'240

IRL3—-IRLO = 0011

H'260

IRL3—-IRLO = 0100

H'280

IRL3-IRLO = 0101

H'2A0

IRL3—-IRLO = 0110

H'2CO0

IRL3-IRLO = 0111

H'2EOQ

IRL3-IRLO = 1000

H'300

IRL3-IRLO = 1001

H'320

IRL3—-IRLO = 1010

H'340

IRL3—-IRLO = 1011

H'360

IRL3—-IRLO = 1100

H'380

IRL3-IRLO = 1101

H'3A0

IRL3—-IRLO = 1110

H'3CO

425 Exception Request M asks

When the BL bit in SR is 0, exceptions and interrupts are accepted.

If ageneral exception event occurs when the BL bit in SRis 1, the CPU’sinternal registers are set
to their post-reset state, other module registers retain their contents prior to the general exception,

and a branch is made to the same address (H'A0000000) as for a reset.

If ageneral interrupt occurs when BL = 1, the request is masked (held pending) and not accepted
until the BL hit is cleared to 0 by software. For reentrant exception handling, SPC and SSR must
be saved and the BL bit in SR cleared to 0.

426 Retur ning from Exception Handling

The RTE instruction is used to return from exception handling. When RTE is executed, the SPC
valueisset in PC, and the SSR valuein SR, and the return from exception handling is performed

by branching to the SPC address.

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

RENESAS
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4.3 Register Descriptions

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

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

2. Theinterrupt event register INTEVT) resides at address H'FFFFFFD8, and contains a 12-bit
interrupt exception code or a code indicating the interrupt priority. Which is set when an
interrupt occurs depends on the interrupt source (see tables 7.4 and 7.5). The exception code or
interrupt priority codeis set automatically by hardware when an exception occurs. INTEVT
can also be modified by software.

3. Interrupt event register 2 (INTEVT2) resides at address H'04000000, and contains a 12-bit
exception code. The exception code set in INTEV T2 isthat for an interrupt request. The
exception code is set automatically by hardware when an exception occurs.

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

The bit configurations of the EXPEVT, INTEVT, INTEVT2, and TRA registersare shown in
figure 4.3.

EXPEVT register, INTEVT and INTEVT2 registers TRA register

31 11 0 31 9 20
0 0| Exception code | | 0 0 imm |OO|
0: Reserved bits, always read as 0

imm: 8-bit immediate data in TRAPA instruction

Figure4.3 Bit Configurations of EXPEVT, INTEVT, INTEVTZ2, and TRA Registers
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44 Exception Handling Operation

441 Reset

The reset sequence is used to power up or restart the SH7729R from the initialization state. The
RESETP and RESETM signals are sampled every clock cycle, and in the case of a power-on reset,
all processing being executed (excluding the RTC) is suspended, all unfinished events are
canceled, and reset processing is executed immediately. In the case of amanual reset, however,
reset processing is executed after completion of any memory access being executed. The reset
sequence consists of the following operations:

1. TheMD bitin SRissetto 1 to place the SH7729R in privileged mode.

2. TheBL bitin SRisset to 1, masking any subsequent exceptions (except the NMI interrupt
when the BLMSK bitis1).

3. TheRB bitin SR isset to 1.

4. An encoded value of H'000 in a power-on reset or H'020 in a manual reset iswritten to bits 11—
0 of the EXPEVT register to identify the exception event.

5. Instruction execution jumps to the user-written exception handler at address H'A0000000.

442 Interrupts

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

1. The contents of PC and SR are saved to SPC and SSR, respectively.

2. TheBL bitin SRisset to 1, masking any subsequent exceptions (except the NMI interrupt
when the BLMSK bitis 1).

3. TheMD hitin SRis set to 1 to place the SH7729R in privileged mode.

4. TheRB hitin SRissetto 1.

5. Anencoded value identifying the exception event is written to bits 11-0 of the INTEVT and
INTEVTZ2 registers.

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

When the SH7729R encounters any exception condition other than areset or interrupt request, it
executes the following operations:

1. The contents of PC and SR are saved to SPC and SSR, respectively.

2. TheBL bitin SRisset to 1, masking any subsequent exceptions (except the NMI interrupt
when the BLMSK bitis 1).

3. TheMD hitin SRis set to 1 to place the SH7729R in privileged mode.

4. TheRB bitin SRissetto 1.

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

6. Instruction execution jumps to the vector location designated by either the sum of the vector
base address and offset H'00000400 in the vector tablein aTLB misstrap, or by the sum of the

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

45 Individual Exception Operations

This section describes the conditions for specific exception handling, andthis LS| operations.

451 Resets

¢ Power-On Reset
0O Conditions: RESETP low

0 Operations: EXPEVT set to H'000, VBR and SR initialized, branch to PC = H'A0000000.
Initialization setsthe VBR register to H'0000000. In SR, the MD, RB and BL bits are set to
1 and the interrupt mask bits (13 to 10) are set to B'1111. The CPU and on-chip peripheral
modules are initialized. See the register descriptions in the relevant sections for details. A
power-on reset must always be performed when powering on. A low level is output from
the RESETOUT pin, and ahigh level is output from the STATUSO and STATUSL pins.

* Manual Reset
00 Conditions: RESETM low

0 Operations: EXPEVT set to H'020, VBR and SR initialized, branch to PC = H'A0000000.
Initialization sets the VBR register to H'0000000. In SR, the MD, RB, and BL bits are set
to 1 and the interrupt mask bits (13 to 10) are set to B'1111. The CPU and on-chip
peripheral modules are initialized. See the register descriptions in the relevant sections for
details. A low level is output from the RESETOUT pin, and a high level is output from the
STATUSO and STATUSL pins.
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UDI Reset

U
g

Conditions: UDI reset command input (see section 23.4.3, UDI Reset)

Operations: EXPEVT set to H'000, VBR and SR initialized, branch to PC = H'A0000000.
Initialization sets the VBR register to H'0000000. In SR, the MD, RB and BL bits are set to
1 and the interrupt mask bits (13 to 10) are set to B'1111. The CPU and on-chip peripheral
modules are initialized. See the register descriptionsin the relevant sections for details.

Table4.4 Typesof Reset

Conditions for Transition Internal State

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

Manual RESETM = Low Initialized

reset

uDI UDI reset command input Initialized

reset

452 General Exceptions

TLB miss exception

U
U

Conditions: Comparison of TLB addresses shows no address match.

Operations. The virtual address (32 bits) that caused the exception is set in TEA and the
corresponding virtual page number (22 bits) isset in PTEH (31-10). The ASID of PTEH
indicates the ASID at the time the exception occurred. If all waysarevalid, 1 is added to
the RC bitin MMUCR. If thereis one or more invalid way, they are set by priority starting
with way O.

PC and SR of the instruction that generated the exception are saved to SPC and SSR,
respectively. If the exception occurred during aread, H'040 is set in EXPEVT; if the exception
occurred during awrite, H'060 is set in EXPEVT. The BL, MD and RB bitsin SR areset to 1
and a branch occursto PC = VBR + H'0400.

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

0 Conditions: Comparison of TLB addresses shows address match but the TLB entry valid
bit (V) isO.

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

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

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

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

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

TLB exception/CPU address error in repeat |loop

00 Conditions: TLB miss, TLB invalid or CPU address error in the last several instructions of
repeat loop (see section 3.5.6, MMU Exception in Repeat L oop)

0 Operations. TEA, PTEH and RC bit in MMUCR are set in the way of thetype of
exception.
SR of the instruction that generated the exception is saved to SSR, but SPC is not the PC of the
instruction that generated the exception. A repeat loop cannot be restarted after returning from
the exception handler. In order to complete a repeat |oop, ensure that a TLB exception or CPU
address error does not occur in the last several instructions of the repeat 1oop (see section 3.5.6,
MMU Exceptionin Repeat Loop). If a TLB exception or CPU address error occursin the last
several instructions of arepeat loop, H'070 isset in EXPEVT. The BL, MD, and RB bitsin SR
are set to 1 and a branch occursto PC = VBR + H'0100.

Initial page write exception

0 Conditions: A hit occurred to the TLB for a store access, but the TLB entry data bit (D) is
0.
Thisoccurs for initial writes to the page registered by the load.

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

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

respectively. H'080 isset in EXPEVT. The BL, MD, and RB bitsin SR aresetto 1 and a
branch occursto PC = VBR + H'0100.
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TLB protection exception

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

PR Privileged mode User mode

00 Only read enabled No access

01 Read/write enabled No access

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

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

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

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

occurred during awrite, H'OCO issetin EXPEVT. TheBL, MD, and RB hitsin SR are setto 1

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

TLB protection exception in repeat |oop

0 Conditions: TLB protection exception in the last several instruction of arepeat 1oop (see
section 3.5.6, MMU Exception in Repeat Loop)

0 Operations. TEA, PTEH, and RC bit in MMUCR are set in the way of the type of
exception.

SR of the instruction that generated the exception is saved to SSR, but SPC is not the PC of the

instruction that generated the exception. A repeat loop cannot be restarted after returning from

the exception handler. In order to complete arepeat |oop, ensure that a TLB exception or CPU

address error does not occur in the last several instructions of the repeat 1oop (see section 3.5.6,

MMU Exceptionin Repeat Loop). If a TLB protection exception occursin an instruction

immediately before or during arepeat loop, H'ODO isset in EXPEVT. The BL, MD, and RB

bitsin SR are set to 1 and a branch occurs to PC = VBR + H'0100.

CPU address error
0 Conditions:
a. Ingtruction fetch from odd address (4n + 1, 4n + 3)
b. Word data accessed from addresses other than word boundaries (4n + 1, 4n + 3)
c. Longword accessed from addresses other than longword boundaries (4n + 1, 4n + 2,
an + 3)
d. Virtual space accessed in user mode in the area H'80000000 to H'FFFFFFFF
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0 Operations: The virtual address (32 bits) that caused the exception isset in TEA. PC and
SR of the instruction that generated the exception are saved to SPC and SSR, respectively.
If the exception occurred during aread, H'OEQ is set in EXPEVT; if the exception occurred
during awrite, H'100 isset in EXPEVT. The BL, MD, and RB bitsin SR areset to 1 and a
branch occursto PC = VBR + H'0100. See section 3.5.5, Processing Flow in Event of
MMU Exception, for more information.

e Unconditional trap
0 Conditions: TRAPA instruction executed
0 Operations. The exception is a processing-completion type, so PC of the instruction after
the TRAPA instruction is saved to SPC. SR from the time when the TRAPA instruction
was executing is saved to SSR. The 8-bit immediate value in the TRAPA instruction is
quadrupled and set in TRA (9-0). H'160 isset in EXPEVT. The BL, MD, and RB bitsin
SR are set to 1 and a branch occursto PC = VBR + H'0100.

« lllegal general instruction exception
O Conditions:
a. When undefined code not in adelay dot is decoded
Delay branch instructions: IMP, JSR, BRA, BRAF, BSR, BSRF, RTS, RTE, BT/S,
BF/S
Undefined instruction: H'Fxxx
b. When a privileged instruction not in adelay dot is decoded in user mode
Privileged instructions: LDC, STC, RTE, LDTLB, SLEEP; instructions that access
GBR with LDC/STC are not privileged instructions and therefore do not apply.
¢. When aDSP instruction not in adelay slot is decoded without DSP extension
(SR.DSP=0)
DSPingtructions. LDS Rm, DSR/IAO/XO/X1/YO/Y 1, LDSL @Rm+,
DSR/AO/X0O/X1/YO/Y 1, STS DSR/AO/XO/XL/YO/Y 1,
Rn, STS.L DSR/A0/X0/X1/Y0/Y 1, @-Rn, LDC Rm,
RS'RE/MOD, LDC.L @Rm+, RSYRE/MOD,
STC RS/RE/MOD, Rn, STC.L RS/RE/MOD, @-Rn,
LDRS, LDRE, SETRC, MOVS, MOV X, MOVY, Pxxx
d. When an instruction that rewrites PC/SR/RS/RE in the last three instructions of repeat
loop is decoded.
Instructions that rewrite PC: JMP, JSR, BRA, BRAF, BSR, BSRF, RTS, RTE,
BT, BF, BT/S, BF/S, TRAPA, LDC Rm, SR,
LDC.L @Rm+, SR
Instructions that rewrite SR: LDC Rm, SR, LDC.L @Rm+, SR, SETRC
Instructions that rewrite RS: LDC Rm, RS, LDC.L @Rm+, RS, LDRS
Instructions that rewrite RE: LDC Rm, RE, LDC.L @Rm+, RE, LDRE
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O

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

« lllegal slot instruction

O

Conditions:
a. When undefined code in adelay slot is decoded
Delay branch ingtructions: IMP, JSR, BRA, BRAF, BSR, BSRF, RTS, RTE, BT/S,
BF/S
b. When an instruction that rewrites PC in adelay slot is decoded
Instructions that rewrite PC: IMP, JSR, BRA, BRAF, BSR, BSRF, RTS, RTE, BT, BF,
BT/S, BF/S, TRAPA, LDC Rm, SR, LDC.L @Rm+, SR
¢. When aprivileged instruction in adelay dot is decoded in user mode
Privileged instructions: LDC, STC, RTE, LDTLB, SLEEP; instructions that access
GBR with LDC/STC are not privileged instructions and therefore do not apply.
d. WhenaDSP instruction in adelay sot is decoded without DSP extension (SR.DSP=0)
DSPinstructions: LDS Rm, DSR/A0/X0/X1/YO0/Y1, LDS.L @Rm+,
DSR/AO/XO/XLUYO/Y1, STSDSR/AOXO/XLYO/YL, Rn,
STS.L DSR/A0/X0/X1/Y0O/Y 1, @-Rn, LDC Rm,
RS'RE/MOD, LDC.L @Rm+, RSYRE/MOD,
STC RS'RE/MOD, Rn, STC.L RS/RE/MOD, @-Rn,
LDRS, LDRE, SETRC, MOVS, MOV X, MOVY, Pxxx
Operations. PC of the previous delay branch instruction is saved to SPC. SR of the
instruction that generated the exception is saved to SSR. H'1AOQ isset in EXPEVT. The BL,
MD, and RB bitsin SR are set to 1 and a branch occurs to PC = VBR + H'0100. When an
undefined instruction other than H'Fxxx is decoded, operation cannot be guaranteed.

e User break point trap

U
g

O

Conditions: When a break condition set in the user break controller is satisfied

Operations: When a post-execution break occurs, PC of the next instruction after the
instruction that set the break point is set in SPC. If a pre-execution break occurs, PC of the
instruction that set the break point is setin SPC. SR when the break occursis set in SSR.
H'1EOisset in EXPEVT. The BL, MD, and RB bitsin SR are set to 1 and a branch occurs
to PC = VBR + H'0100. See section 8, User Break Controller, for more information.

DMA address error

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

b. Longword accessed from addresses other than longword boundaries (4n + 1, 4n + 2,
an + 3)
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453

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

Interrupts

1. NMI

g
U

Conditions: NMI pin edge detection

Operations. PC after the instruction that receives the interrupt are saved to SPC,
respectively. PC after the instruction that receives the interrupt is saved to SPC, and SR at
the point the interrupt is accepted is saved to SSR. H'01CO isset to INTEVT and
INTEVT2. The BL, MD, and RB bits of the SR are set to 1 and a branch occursto PC =
VBR + H'0600. Thisinterrupt is not masked by the interrupt mask bitsin SR and is
accepted with top priority when the BL hit in SR is 0. When the BL bit is 1, theinterrupt is
masked. See section 7, Interrupt Controller (INTC), for more information.

2. IRL Interrupts

The value of the interrupt mask bitsin SR islower than the IRL3-IRLO level and the BL bit in
SRis0. Theinterrupt is accepted at an instruction boundary.

O

Operations. The PC value after the instruction at which the interrupt is accepted is saved to
SPC. SR at the time the interrupt is accepted is saved to SSR. The code corresponding to
the IRL3-IRLO level issetin INTEVT and INTEVT2. The corresponding code is given as
H'200 + [IRL3-IRLQ] x H'20. Seetable 7.5, for the corresponding codes. The BL, MD, and
RB bitsin SR are set to 1 and a branch occursto VBR + H'0600. The received level is not
set in the interrupt mask bitsin SR. See section 7, Interrupt Controller (INTC), for more
information.

3. IRQ Pin Interrupts

O

Conditions; The IRQ pin is asserted, the interrupt mask bitsin SR are lower than the IRQ
priority level, and the BL bitin SR is 0. Theinterrupt is accepted at an instruction
boundary.

Operations. The PC value after the instruction at which the interrupt is accepted is saved to
SPC. SR at the point the interrupt is accepted is saved to SSR. The code corresponding to
the interrupt sourceis set in INTEVT and INTEVT2. The BL, MD, and RB bitsin SR are
set to 1 and abranch occursto VBR + H'0600. The received level isnot set in the interrupt
mask bitsin SR. See section 7, Interrupt Controller (INTC), for more information.
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4. PINT Pin Interrupts

5.

O

Conditions: The PINT pin is asserted, the interrupt mask bitsin SR are lower than the
PINT priority level, and the BL bit in SR is 0. Theinterrupt is accepted at an instruction
boundary.

Operations. The PC value after the instruction at which the interrupt is accepted is saved to
SPC. SR at the point the interrupt is accepted is saved to SSR. The code corresponding to
the interrupt sourceis setin INTEVT and INTEVT2. TheBL, MD, and RB bits of SR are
set to 1 and a branch occursto VBR + H'0600. The received level isnot set in the interrupt
mask bitsin SR. See section 7, Interrupt Controller (INTC), for more information.

On-Chip Peripheral Interrupts

O

Conditions: The interrupt mask bitsin SR are lower than the on-chip module (TMU, RTC,
SCl, IrDA, SCIF, A/D, DMAC, WDT, REF) interrupt level and the BL bit in SRis0. The
interrupt is accepted at an instruction boundary.

Operations. The PC value after the instruction at which the interrupt is accepted is saved to
SPC. SR at the point the interrupt is accepted is saved to SSR.The code corresponding to
the interrupt sourceisset in INTEVT and INTEVT2. The BL, MD, and RB bitsin SR are
set to 1 and abranch occursto VBR + H'0600. See section 7, Interrupt Controller (INTC),
for more information.

UDI Interrupt

O

Conditions: An UDI interrupt command isinput (see section 23.4.4, UDI Interrupt),
SR.IMASK islower than 15, and the BL bit in SR is 0. Theinterrupt is accepted at an
instruction boundary.

Operations. The PC value after the instruction that accepts the interrupt is saved to SPC.
SR at the point the interrupt is accepted is saved to SSR. H'5EQ isset to INTEVT and
INTEVT2. The BL, MD, and RB bhitsin SR are set to 1 and a branch occursto VBR +
H'0600. See section 7, Interrupt Controller (INTC), for more information.
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4.6 Cautions

* Return from exception handling
O Check the BL hit in SR with software. When SPC and SSR have been saved to external
memory, set the BL bit in SR to 1 before restoring them.
O Issuean RTE instruction, which sets SPC in PC and SSR in SR, and causes a branch to the
SPC address, and return from exception handling.

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

O Interrupt: Acceptance is suppressed until the BL bit in SR is cleared to O. If thereisan
interrupt request and the reception conditions are satisfied, the interrupt is accepted after
the execution of the instruction that clearsthe BL bit in SR to 0. In sleep or standby mode,
however, the interrupt will be accepted even when the BL hitin SRis 1.

0 Exception: No user break point trap will occur even when the break conditions are met.
When one of the other exceptions occurs, a branch is made to the fixed address of the reset
(H'A0000000). In this case, the values of the EXPEV T, SPC, and SSR registers are
undefined. Differently from general reset processing, the RESETOUT pin is not asserted,
and reset statusis output from the STATUSO and STATUSL pins.

e SPC when exception occurs: The PC saved to SPC when an exception occursis as shown
below:

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

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

e Initial register values after reset
0 Undefined registers
RO_BANKO0/1-R7_BANKO0/1, R8-R15, GBR, SPC, SSR, MACH, MACL, PR
O Initialized registers
VBR = H'00000000
SR.MD =1, SRBL =1, SRRB =1, SR.I3-SR.I0 = H'F. Other SR bits are undefined.
PC = H'A0000000

« Ensurethat an exception is not generated at an RTE instruction delay slot, as operation is not
guaranteed in this case.
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When the BL bit in the SR register is set to 1, ensure that a TL B-related exception or address
error does not occur at an LDC instruction that updates the SR register and the following

instruction. Thiswill be identified as the occurrence of multiple exceptions, and may initiate
reset processing.
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Section5 Cache

51 Overview

511 Features
The cache specifications arelisted in table 5.1.

Table5.1 Cache Specifications

Parameter Specification

Capacity 16 kbytes

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

Line size 16 bytes

Number of entries 256 entries/way

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

51.2 Cache Structure

The cache mixes data and instructions and uses a4-way set associative system. It iscomposed of
four ways (banks), each of which isdivided into an address section and a data section. Each of the
address and data sections is divided into 256 entries. The data section of the entry iscalled aline.
Each line consists of 16 bytes (4 bytes x 4). The data capacity per way is 4 kbytes (16 bytes x 256
entries), with atotal of 16 kbytesin the cache asawhole (4 ways). Figure 5.1 shows the cache
structure.
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Address array (ways 0-3) Data array (ways 0-3) LRU

| I
1 1
1 1
Entry O v | U [Tag address O Lwo | Lw1 | Lw2 | Lw3 0
Entry 1 1
Entry 255 | 255 | 1 255
24 (1 + 1 + 22) bits 128 (32 x 4) bits 6 bits
- - -

LWO-LW3: Longword data 0-3

Figure5.1 Cache Structure

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

In the SH7729R, the top three of 32 physical address bits are used as shadow bits (see section 11,
Bus State Controller (BSC)), and therefore in anormal replace operation the top three bits of the
tag address are cleared to O.

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

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

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

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

The LRU bits areinitialized to 0 by a power-on reset, but are not initialized by a manual reset.
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Table5.2 LRU and Way Replacement

LRU (5-0) Way to be Replaced
000000, 000100, 010100, 100000, 110000, 110100 3
000001, 000011, 001011, 100001, 101001, 101011 2
000110, 000111, 001111, 010110, 011110, 011111 1
111000, 111001, 111011, 111100, 111110, 111111 0

51.3 Register Configuration
Table 5.3 shows details of the cache control registers.

Table5.3 Register Configuration

Register Abbr. R/W Initial Value  Address Access Size
Cache control register CCR R/W H'00000000 H'FFFFFFEC 32
Cache control register 2 CCR2 w H'00000000 H'040000B0 32
(H'A40000B0)*
Note: * When address translation by the MMU does not apply, the address in parentheses should
be used.

5.2 Register Descriptions

521 Cache Control Register (CCR)

The cacheis enabled or disabled using the CE bit in the cache control register (CCR). CCR aso
has a CF bit (which invalidates all cache entries), and WT and CB bits (which select either write-
through mode or write-back mode). Programs that change the contents of the CCR register should
be placed in address space that is not cached. When updating the contents of the CCR register, bit
4 must always be cleared to 0. Figure 5.2 shows the configuration of the CCR register.
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31 6 5 4 3 2 1 0
—_— “ee eee e e e e e e E— | 0 | 0 | CF | CB | WT | CE |

Bits 5, 4: Always set to 0 when setting the register.

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

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

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

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

Figure5.2 CCR Register Configuration

522 Cache Control Register 2 (CCR2)

CCR2 register is used to enable or disable the cache locking mechanism in DSP mode (set by CPU
status register bit 12) only. Executing a prefetch instruction (PREF) in DSP mode will bring the
line of data pointed to by Rn into the cache, according to the setting of CCR2 [9:8] (W3LOAD,
W3LOCK) and [1:0] (W2LOAD, W2L OCK).

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

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

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

CCR2 isawrite-only register; if read, an undefined value will be returned.
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31 9 8 7 2 1 0
W3 | W3 w2 | W2

LOAD|LOCK LOAD|LOCK|

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

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

WB3LOCK: Way 3 lock bit. W3LOAD: Way 3 load bit.

When W3LOCK =1 & W3LOAD = 1 & DSP = 1, the prefetched data will always be loaded
into way 3. In all other conditions the prefetched data will be loaded into the way pointed to
by LRU.

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

Figure5.3 CCR2 Register Configuration

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

Table54 LRU and Way Replacement (when W2L OCK =1)

LRU (5-0) Way to be Replaced

000000, 000001, 000100, 010100, 100000, 100001, 110000, 110100 3

000011, 000110, 000111, 001011, 001111, 010110, 011110, 011111 1

101001, 101011, 111000, 111001, 111011, 111100, 111110, 111111 0

Table5.5 LRU and Way Replacement (when W3LOCK=1)

LRU (5-0) Way to be Replaced

000000, 000001, 000011, 001011, 100000, 100001, 101001, 101011 2

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

110000, 110100, 111000, 111001, 111011, 111100, 111110, 111111 0
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Table5.6 LRU and Way Replacement (when W2L OCK=1 and W3LOCK=1)

LRU (5-0) Way to be Replaced

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

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

53 Cache Operation

531 Sear ching the Cache

If the cache is enabled, whenever instructions or datain memory are accessed the cache will be
searched to see if the desired instruction or dataisin the cache. Figure 5.4 illustrates the method
by which the cache is searched. The cache is a physical cache and holds physical addressesin its
address section.

Entries are selected using bits 114 of the address (virtual) of the access to memory and the
address tag of that entry isread. In parallel to reading of the address tag, the virtual addressis
trandlated to a physical addressinthe MMU. The physical address after trandation and the
physical address read from the address section are compared. The address comparison uses all four
ways. When the comparison shows a match and the selected entry isvalid (V = 1), a cache hit
occurs. When the comparison does not show a match or the selected entry isnot valid (V =0), a
cache miss occurs. Figure 5.4 shows a hit on way 1.
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Virtual address
31 12 11 4 3210

[ —

Entry selection | Longword (LW) selection

Ways 0-3 Ways 0-3

MMU 0 | V|U|Tag address LWO | Lwi1 Lw2 | Lw3

255 — —

Physical address ; ; ; +

CMPO|CMP1|CMP2|CMP3 l

l

Hit signal 1

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

Figure5.4 Cache Search Scheme (Normal Mode)
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5.3.2 Read Access

Read Hit: In aread access, instructions and data are transferred from the cache to the CPU. The
transfer unit is 32 bits. LRU is updated.

Read Miss: An external bus cycle starts and the entry is updated. The way replaced isthe one
least recently used. Entries are updated in 16-byte units. When the desired instruction or data that
caused the missisloaded from external memory to the cache, the instruction or datais transferred
to the CPU in parallel with being loaded to the cache. When it isloaded in the cache, the U bit is
clearedto O and the V bitisset to 1.

5.3.3 Write Access

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

Write Miss: In write-back mode, an external write cycle starts when a write miss occurs, and the
entry is updated. The way to be replaced is the one least recently used. When the U bit of the entry
to be replaced is 1, the cache fill cycle starts after the entry istransferred to the write-back buffer.
The write-back unit is 16 bytes. Datais written to the cache and the U bit is set to 1. After the
cache completesitsfill cycle, the write-back buffer writes the entry back to the memory. In write-
through mode, no write to cache occursin awrite miss; the writeis only to the external memory.

534 Write-Back Buffer

When the U bit of the entry to be replaced in the write-back mode is 1, it must be written back to
the external memory. To increase performance, the entry to be replaced isfirst transferred to the
write-back buffer and fetching of new entries to the cache takes priority over writing back to the
external memory. During the write-back cycles, the cache can be accessed. The write-back buffer
can hold one line of cache data (16 bytes) and its physical address. Figure 5.5 shows the
configuration of the write-back buffer.

PA (31-4) |Longword 0 |Longword 1 |Longword 2 | Longword 3

PA (31-4): Physical address written to external memory
Longword 0-3: The line of cache data to be written to
external memory

Figure5.5 Write-Back Buffer Configuration
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535 Coherency of Cache and External Memory

Use software to ensure coherency between the cache and the external memory. When memory
shared by this LS| and another device is accessed, the latest data may be in a write-back mode
cache, so invalidate the entry that includes the latest data in the cache, generate awrite-back, and
update the data in memory before using it. When the caching areais updated by a device other
than the SH7729R, invalidate the entry that includes the updated data in the cache.

54 Memory-M apped Cache

To allow software management of the cache, cache contents can be read and written by means of
MOV ingtructionsin the privileged mode. The cache is mapped onto the P4 areain virtual address
space. The address array is mapped onto addresses H'FO000000 to H'FOFFFFFF, and the data
array onto addresses H'F1000000 to H'F1FFFFFF. Only longword can be used as the access size
for the address array and data array, and instruction fetches cannot be performed.

54.1 AddressArray

The address array is mapped to H'FO000000 to H'FOFFFFFF. The 32-bit addressfield (for
read/write accessed) and 32-bit data field (for write access) must be specified to access an element
of the address array. The address field specifies information that selects the entry to be accessed;
the data field specifies the tag address, V bit, U bit, and LRU bitsto be written to the address array
(figure 5.6 (2)).

In the address field, specify the entry's address in bits 11-4 to select the entry, W in bits 13-12 to
select the way, the A hit (bit 3) to specify an associative operation, and H'FO in bits 31-24 to
indicate access to the address array. Settings for the W bits (13-12) are asfollows: 00isway 0, 01
isway 1, 10isway 2, and 11 isway 3.

In the datafield, specify the tag addressin bits 31-10, LRU in bits 9-4, U bitin bit 1, and V bit in
bit 0. The upper 3 bits (bit 31-29) of the tag address must always be 0.

The following three operations on the address array are possible.

(1) Address Array Read

Reads the tag address, LRU, U bit, and V bit from the entry that corresponds to the entry address
and w'ay that were specified in the address field. No associative operation will be performed,
regardless of the value of the associative bit (the A bit).

(2) Address Array Write (without Associative Operation)

Writes the tag address, LRU, U bit, and V bit specified in the data field to the entry that
corresponds to the entry address and way that were specified in the address field. The associative
bit (A bit) of the address field must be set to 0. An attempt to write to a cache line for which both
the U bit and V bit are set results in awrite-back for that cache line. The tag address, LRU, U hit,
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and V bit specified in the data field are then written. Note that, when a0 is written to the V bit, a0
should always be written to the U bit of the same entry, too.

(3) Address Array Write (with Associative Operation)

The associative bit (A bit) in the address field indicates whether the addresses are compared
during writing. With the A bit set to 1, all 4 ways for the entry specified in the address field will be
compared to the tag address specified in the data field for amatch. The values of the U bit and V
bit specified in the data field will be written to the way that has a hit. However, the tag address and
the LRU will not be changed. If noway receives a hit, writing does not take place and the result is
no operation.

This operation is used to invalidate the address specification for a cache. Write back will take
place when the U bit of the entry that received a hit is 1. Note that, when a 0 iswritten to the V hit,
a0 should always be written to the U hit of the same entry, too.

542 Data Array

The address array is mapped to H'F1000000 to H'F1FFFFFF. To access an element of the data
array, the 32-bit addressfield (for read/write access) and 32-bit data field (for write access) must
be specified. The address field specifies the information that selects the entry to be accessed; the
data field specifies the longword data to be written to the data array.

In the address field, specify the entry's address in bits 11-4, L in bits 3-2 to indicate the longword's
position within aline (which consists of 16 bytes), W in bits 13-12 to select theway, and H'F1 in
bits 31-24 to indicate access to the data array. The L bits (3-2) specification isin the following
form: 00 islongword 0, 01 islongword 1, 10 islongword 2, and 11 is longword 3. Settings for the
W bits (13-12) are asfollows: 00isway 0, 01 isway 1, 10 isway 2, and 11 isway 3. Since access
isnot allowed crossing longword boundaries, always set 00 in bits 1-0 of the address field.

The following two operations on the data array are possible. Note that these operations will not
change the information in the address array.

(1) Data Array Read
Reads the data at the position selected by the L bits (3-2) of the address field from the entry that
corresponds to the entry address and way that were specified in the address field.

(2) Data Array Write

Writes the longword data set in the data field into the entry that corresponds to the entry address
and way that were specified in the addressfield. The longword datawill be written to the entry at
the position selected by the L bits (3-2) of the addressfield.
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1. Address array access

Address specification

Read access

31 24 23 14 13 12 1 4 3 2 0
[ 11110000 Keririeienns * W Entry [o] = = o«
Write access
31 24 23 14 13 12 1 4 3 2 0
[ 11110000 | .o * w Entry NEEEE
Data specification
31 30 29 10 9 4 3 2 1 0
[o[o]o] Addresstag (31-10) LRU X X [ U] v]
2. Data array access (both read and write accesses)
Address specification
31 24 23 14 13 12 1" 4 3 2 1 0
[ 11110001 | . * W Entry L *

Data specification
31

| Longword

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

Figure5.6 Specifying Addressand Data for Memory-Mapped Cache Access

RENESAS

Rev. 5.0, 09/03, page 153 of 806




55 Usage Examples

551 Invalidating a Specific Entry

A specific cache entry can be invalidated by accessing the allocated memory cache and writing a0
totheentry’sU and V bits. The A bit is cleared to 0, and an addressis specified for the entry
address and the way. If the U bit of the way of the entry in question was set to 1, the entry is
written back and the V and U bits specified by the write data are written to.

In the following example, the write datais specified in RO and the addressis specified in R1.

. RO
R1

H 0000 0000 LRU = H 000, U=0, V=0
H FOOO 1080, Wy = 1, Entry = H08, A = 0

MOV.L RO, @1
Toinvalidate al entries and ways, write 0 to the following addresses.

Addresses
FO00 0000
FOO0 0010
FO00 0020
FO00 3FFO0

Thisinvolves atotal of 1,024 writes.

The above operation should be performed using a non-cacheable area.
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55.2 Invalidating a Specific Address

A specific address can be invalidated by writing 0 to the entry’s V bit. When the A bitis 1, the
address tag specified by the write datais compared to the address tag within the cache selected by
the entry address, and data is written when a match is found. If no match is found, thereis no
operation. RO specifies the write data and R1 specifies the address. When the V bit of an entry in
the address array is set to O, the entry is written back if the entry’sU bitis 1.

; RO=H 01100010; Tag address=B' 0000 0001 0001 0000 0000 00, U=0, V=0
R1=H F0000088; address array access, entry=H 08, A=1

MOV. L RO, @Rl
In the following example, an address (32-bit) to be purged is specified in RO.

MOV. L #H OO0OOOFFO, R1

AND RO, R1 ; The entry address is fetched.

MOV. L #H FO000008, R2

OR Rl, R2 : The start is set to HFO and the A bit
to 1.

MOV. L #H 1FFFFCO0, R3 ;

AND RO, R3 ; The tag address is fetched. U=V = 0.

MOV.L R3, @R ; Associ ative purge.

The above operation should be performed using a non-cacheable area.

55.3 Reading the Data of a Specific Entry

This example reads the data section of a specific cache entry. The longword indicated in the data
field of the dataarray in figure 5.6 is read into the register. RO specifies the address and R1 is read.

; Rl1=H F100 004C, data array access, entry=H 04, Way = O,
| ongword address = 3

MOV.L @R0,Rl ; Longword 3 is read.
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Section6 X/Y Memory

6.1 Overview

The SH7729R has on-chip X-RAM and Y-RAM. It can be used by the CPU, DSP and DMAC to
store instructions or data.

6.1.1 Features

The X/Y memory features are listed in table 6.1.

Table6.1 X/Y Memory Specifications
Parameter Features
Addressing User selectable mapping mechanism
method « Fixed mapping for mission-critical realtime applications (P2/Uxy area)
* Automatic mapping through TLB for easy to use (P0/P3/U0 area)
Ports Three independent read/write ports
e 8-/16-/32-bit access from the CPU
¢ Maximum of two simultaneous 16-bit accesses, or 16/32-bit accesses,
from the DSP
e 8-/16-/32-bit access from the DMAC
Size 8-kbyte RAM each for X and Y memory
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6.2 XIY Memory Access from CPU

The X/Y memory can be located in either a mappable area or fixed-mapped area, depending on the
mode hit (MD) and DSP hit (DSP) setting in the status register (SR). Figure 6.1 shows X/Y
memory logical mapping.

1. Privileged Mode
MD =1, DSP = 0: Any physical addressin space PO or P3 can map to X/Y memory through
TLB trandation. Addresses ranging from H'A500 0000 to H'A5FF FFFF in the P2 space can
also fixed-map to X/Y memory. Since the DSP extension is disabled, the DSP instruction set
and registers are not available to the programmer.

2. User Mode
MD =0, DSP = 0: Any physical address in the U0 space can access X/Y memory through TLB
trandation. Any access to addresses beyond the UO space will cause an address error. Since the
DSP extension is disabled, the DSP instruction set and registers are not available to the
programmer.

3. Privileged-DSP Mode
MD =1, DSP = 1: Any physical addressin space PO or P3 can map to X/Y memory through
TLB trandation. Addresses ranging from H'A500 0000 to H'A5FF FFFF in the P2 space can
also fixed-map to X/Y memory. Since the DSP extension is enabled, the DSP instruction set
and registers are avail able to the programmer.

4. User-DSP Mode
MD =0, DSP = 1: Any physical addressin space U0 can map to X/Y memory through TLB
trang ation. Addresses ranging from H'A500 0000 to H'A5FF FFFF in the Uxy spaces can also
fixed-map to X/Y memory. Any access outside U0 and Uxy space will cause an address error.
Since the DSP extension is enabled, the DSP instruction set and registers are available to the
programmer.

For the mappabl e area, the C (cacheable) bit in the TLB entry must be cleared to 0 to guarantee a
two-cycle access.

Mapping through TLB trandation provides aflexible X/Y memory addressing scheme but takes
two cycles even when the C bit inthe TLB entry is cleared to 0. Fixed mapping provides a one-
cycle access for read and two-cycle access for write, which is the appropriate method for mission-
critical realtime operations.

The X/Y memory resides in the second 16 Mbytes of physical address space area 1, from H'A500
0000 to H'A5FF FFFF. This 16-Mbyte address space is shadowed and maps to the same 128-kbyte
XIY ROM/RAM. Figures 6.1 and 6.2 show X/Y memory physical mapping.
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MD=1,DSP=0

MD =0,DSP =0

Privileged mode User mode

Same as SH-3 Same as SH-3
PO When MD = 1, CPU can uo When MD = 0, user cannot

change DSP flag change DSP flag
P1
P2 Address error
P3
P4

MD =1,DSP =1 MD =0, DSP =1
Privileged DSP mode User DSP mode
When MD = 1, CPU can
PO change DSP flag uo
Lx L v | Lx L v |

P1 Address error
— / Address range / Uxy: Address range
Tz From H'A500 0000 From H'A500 0000
P3 To H'A5FF FFFF Address error To H'A5FF FFFF
P4

Figure6.1 X/Y Memory L ogical Address Mapping
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4000000

5000000
5020000
X/Y Memory

6000000

7FFFFFF

Area 1, 64 Mbytes

I/O register space
16 Mbytes

Reserved area
16 Mbytes

Reserved area
32 Mbytes

5000000

5007000
5008FFF

5010000

5017000
5018FFF

501FFFF

128-kbyte X/Y Memory

X-ROM/X-RAM
Reserved space

X-RAM, 8 kbytes

X-ROM/X-RAM
Reserved space

Y-ROM/X-RAM
Reserved space

Y-RAM, 8 kbytes

Y-ROM/X-RAM
Reserved space

Figure6.2 X/Y Memory Physical Address Mapping

6.3 X/IY Memory Access from DSP

The X/Y memory can be accessed by the DSP through the X busand Y bus. Accessesviathe X
bus/Y bus are always 16-bit, while accesses via the L bus are either 16-bit or 32-bit. Accesses via

the X busand Y bus cannot be specified simultaneously.

6.4 XIY Memory Accessfrom DMAC

The X/Y memory also exists on the | bus and can be accessed by the DMAC. DMAC access uses
an 8-/16-/32-bit unit. If the | bus accesses X/Y memory simultaneously with an access from the X

bus/Y busor L bus, the | bus master has a higher priority.

When accessing X/Y memory from the DMAC, use physical addresses in the range H'05000000 to

H'05FFFFFF.
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Section 7 Interrupt Controller (INTC)

7.1 Overview

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

711 Features
The INTC hasthe following features:

« 16 levelsof interrupt priority can be set: By setting the five interrupt-priority registers, the
priorities of on-chip peripheral module, IRQ, and PINT interrupts can be selected from 16
levelsfor individual request sources.

* NMI noise canceler function: An NMI input-level bit indicates the NMI pin state. By reading
this bit in the interrupt exception service routine, the pin state can be checked, enabling it to be
used as a noise canceler.

» Externa devices can be notified that an interrupt has been received (IRQOUT): When the
SH7729R has released the bus, the external bus master can be notified that an external
interrupt, an on-chip peripheral module interrupt, or amemory refresh request has occurred,
enabling the bus to be requested.
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7.1.2 Block Diagram

Figure 7.1 shows a block diagram of the INTC.

S

Interrupt
request

SR
13]12[11]io]

CPU

Internal bus

__ |
IRQOUT = |
NMI ——>
IRL3-IRLO —#P Inoutioutout >
IRLS3-IRLS0 —+——~—»{ "PUvOUBU
| 4 control
IRQO-IRQ5 —:—»6L> »
PINTO-PINT15 —1—4
1 16 A
(Interrupt request) Com-
DMAC >
(Interrupt request) parator
IrDA > L
SCIF (Interrupt request) . _Pnon_ty
) (Interrupt request) | identifier
ADC (Ilnterrupt request) .
(Interrupt request) N
T™U (Interrupt request) |
RTC (Interrupt request) |
\gg; (Interrupt request/ |
I'refresh request) "
uDI (Ilnterrupt request) > :
|
|
|
|
|
|
| Cer = ]
|
: IPRA-IPRE
|
|
: < Bus
: interface
|
Legend e
T™MU : Timer unit INTC
RTC : Realtime clock unit
SCI : Serial communication interface
IrDA : Serial communication interface (with IrDA)
SCIF : Serial communication interface (with FIFO)
WDT : Watchdog timer
REF : Refresh requests in the bus state controller
ICR : Interrupt control register
IPRA-IPRE : Interrupt priority registers A-E
SR : Status register
DMAC : Direct memory access controller
ADC : Analog-to-digital converter
uDI : User debugging interface

Figure7.1 Block Diagram of INTC
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7.1.3 Pin Configuration
Table 7.1 shows the INTC pin configuration.

Table7.1 INTC Pins

Name Abbreviation 110

Description

Nonmaskable interrupt input NMI |

Input of interrupt request signal, not

pin maskable by the interrupt mask bits in
SR
Interrupt input pins IRQ5-IRQ0 | Input of interrupt request signals,
IRL3-IRLO maskable by the interrupt mask bits in
IRLS3-IRLSO SR
Port interrupt input pins PINTO-PINT15 | Input of port interrupt request signals,
maskable by the interrupt mask bits in
SR
Interrupt request output pin IRQOUT o Output of signal that notifies external

devices that an interrupt source or
memory refresh has occurred

RENESAS
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714 Register Configuration

The INTC hasthe 12 registerslisted in table 7.2.

Table7.2 INTC Registers

Access
Name Abbr. R/W Initial Value*' Address Size
Interrupt control register 0 ICRO R/W *2 H'FFFFFEEO 16
Interrupt control register 1 ICR1 R/W H'0000 H'04000010 16
(H'A4000010)*°
Interrupt control register 2 ICR2 R/W H'0000 H'04000012 16
(H'A4000012)*°
PINT interrupt enable register PINTER R/MW H'0000 H'04000014 16
(H'A4000014)**
Interrupt priority register A IPRA R/W H'0000 H'FFFFFEE2 16
Interrupt priority register B IPRB R/W H'0000 H'FFFFFEE4 16
Interrupt priority register C IPRC R/W H'0000 H'04000016 16
(H'A4000016)**
Interrupt priority register D IPRD R/W H'0000 H'04000018 16
(H'A4000018)**
Interrupt priority register E IPRE R/W H'0000 H'0400001A 16
(H'A400001A)*°
Interrupt request register 0 IRRO R/W H'00 H'04000004 8
(H'A4000004)**
Interrupt request register 1 IRR1 R H'00 H'04000006 8
(H'A4000006)**
Interrupt request register 2 IRR2 R H'00 H'04000008 8
(H'A4000008)**

Notes: 1. Initialized by a power-on or manual reset.
2. H'8000 when the NMI pin is high, H'0000 when the NMI pin is low.
3. When address translation by the MMU does not apply, the address in parentheses

should be used.
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7.2 Interrupt Sources

There arefive types of interrupt sources: NMI, IRQ, IRL,PINT, and on-chip peripheral modules.
Each interrupt has a priority level (0-16), with O the lowest and 16 the highest. Priority level 0
masks an interrupt.

721 NMI Interrupt

The NMI interrupt has the highest priority level of 16. When the BLM SK hit in the interrupt
control register (ICR1) is 1 or the BL bit in the statusregister (SR) is 0, NMI interrupts are
accepted when the MALI bit in the ICR1 register is0. NMI interrupts are edge-detected. In sleep or
standby mode, the interrupt is accepted regardless of the BL setting. The NMI edge select bit
(NMIE) inthe interrupt control register 0 (ICRO) is used to select either rising or falling edge
detection. When the NMIE bit in the ICRO register is changed, an NMI interrupt is not detected for
20 cycles after changing ICRO. NMIE to avoid afalse detection of NMI. NMI interrupt exception
handling does not affect the interrupt mask level bits (13-10) in the status register (SR).

When the BL hit is 1 and the BLMSK bit in the ICR1 register is set to 1 and only NMI interrupts
are accepted, the SPC register and SSR register are updated by the NMI interrupt handler, making
it impossible to return to the original processing from exception handling initiated prior to the
NMI interrupt. Use should therefore be restricted to cases where return is not necessary.

It is possible to wake the chip up from the standby state with an NMI interrupt (except when the
MAI bit inthe ICR1 register isset to 1).

7.2.2 IRQ Interrupts

IRQ interrupts are input by level or edge from pins IRQO- RQ5. The priority level can be set by
interrupt priority registers C-D (IPRC-HPRD) in arange from 0 to 15.

When using edge-sensing for IRQ interrupts, clear the interrupt source by having software read 1
from the corresponding bit in IRRO, then write O to the bit.

When the ICR1 register is rewritten, IRQ interrupts may be mistakenly detected, depending on the
pin states. To prevent this, rewrite the register while interrupts are masked, then release the mask
after clearing theillegal interrupt by writing O to interrupt request register 0 (IRRO).

Edge input interrupt detection requires input of a pulse width of more than two cycles on a P clock
basis.

The interrupt mask bits (13-10) in the status register (SR) are not affected by IRQ interrupt
handling.
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Interrupts IRQ4— RQO can wake the chip up from the standby state when the relevant interrupt
level is higher than the setting of 13-10 in the SR register (but only when the RTC 32-kHz
oscillator is used).

If the IRQ edgeisinput immediately before the CPU enters the standby mode (during the period
between when the CPU executes a SLEEP instruction and when STATUSO becomes high level),
the interrupt may not be detected. However, the interrupt will be accepted correctly if the IRQ
edge isre-input after the CPU has entered the standby mode (when STATUSO ishigh level). In
addition, the interrupt may not be detected if the IRQ edge is input during frequency change
processing (WDT count).

7.2.3 IRL Interrupts

IRL interrupts areinput by level at pins IRL3-IRLO and IRLS3—IRLS0. IRLS3—-IRLS0 are
enabled when the IRQLVL bit and IRLSEN bit in interrupt control register 1 (ICR1) are both 1.
The priority level isthe higher level indicated by pinsIRL3-IRL0O and IRLS3-IRLSO. AnIRL3—
IRLO/IRLS3—IRLSO0 value of 0 (0000) indicates the highest-level interrupt request (interrupt
priority level 15). A value of 15 (1111) indicates no interrupt request (interrupt priority level 0).
Figure 7.2 shows an example of IRL interrupt connection. Table 7.3 shows IRL/IRLS pins and
interrupt levels.

SH7729R
B — e
L 4 _
R -
Interrupt q Priority | IRL3 to IRLO
request ——2—p=| encoder 0
> IRL3 to IRLO
—_—
. 4 e T o
—_— P
Interrupt q Priority /| IRLS3 to IRLSO
request ——2— | encoder S—
I IRLS3 to IRLSO

Figure7.2 Exampleof IRL Interrupt Connection
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Table7.3 IRL3-IRLO/IRLS3-IRLSO Pinsand Interrupt Levels

IRL3/ IRL2/ IRL1/ IRLO/
IRLS3 IRLS2 IRLS1 IRLSO Interrupt Priority Level Interrupt Request

15 Level 15 interrupt request

o
o
o
o

14 Level 14 interrupt request

13 Level 13 interrupt request

12 Level 12 interrupt request

11 Level 11 interrupt request

=
o

Level 10 interrupt request

Level 9 interrupt request

Level 8 interrupt request

Level 7 interrupt request

Level 6 interrupt request

Level 5 interrupt request

Level 4 interrupt request

Level 3 interrupt request

Level 2 interrupt request

Level 1 interrupt request

R|R|Rr|Rr|R|R|R|R|lojlo|jojo|o|o|o
RrlRr|Rr|lkr|lo|lo|lo|o|rRr|rR|FR|R|lo|o|o
RrlrRr|lo|lo|r|rkr|lo|lo|rRr|rRr|lo|o|kr|rR|oO
Rrlo|lr|lolr| olr|lolr|lO|lrR O|R|O|R

OlRLrIN W OO N| 00| ©

No interrupt request

A noise-cancellation feature is built in, and the IRL interrupt is not detected unless the levels
sampled at every peripheral module clock cycle remain unchanged for two consecutive cycles, so
that no transient level on the IRL/IRLS pin change is detected. In standby mode, as the peripheral
clock is stopped, noise cancellation is performed using the 32-kHz clock for the RTC instead.
Therefore when the RTC is not used, interruption by means of IRL interrupts cannot be performed
in standby mode.

The priority level of the IRL interrupt must not be lowered until the interrupt is accepted and
interrupt handling starts. Correct operation cannot be guaranteed if the level is not maintained.
However, the priority level can be changed to a higher one.

The interrupt mask bits (13-10) in the status register (SR) are not affected by IRL/IRLS interrupt
handling.

If theinterrupt level of an IRL interrupt is higher than the setting in bits 13-10 in the SR register, it
can be used to recover from the standby state (but only when using the RTC 32-kHz oscillator).
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7.2.4 PINT Interrupts

PINT interrupts are input by level from pins PINTO-PINT15. The priority level can be set by
interrupt priority register D (IPRD) in arange from 0 to 15, in groups of PINTO-PINT7 and
PINT8-PINT15.

The PINT interrupt level should be held until the interrupt is accepted and interrupt handling is
started. Correct operation cannot be guaranteed if the level is not maintained.

The interrupt mask bits (13-10) in the status register (SR) are not affected by PINT interrupt
handling.

PINT interrupts can wake the chip up from the standby state when the relevant interrupt level is
higher than the setting of 13-10 in the SR register (but only when the RTC 32-kHz oscillator is
used).

7.25 On-Chip Peripheral M odule Interrupts
On-chip peripheral module interrupts are generated by the following ten modules:

e Timer unit (TMU)

* Reatimeclock (RTC)

e Seria communication interfaces (SCI, IrDA, SCIF)
* Busstate controller (BSC)

e Watchdog timer (WDT)

« Direct memory access controller (DMAC)

e Anaog-to-digital converter (ADC)

e User-debugging interface (UDI)

Not every interrupt source is assigned a different interrupt vector. Sources are reflected in the
interrupt event registers (INTEVT and INTEVT2). It is easy to identify sources by using the value
of the INTEVT or INTEVT2 register as a branch offset.

A priority level (from 0 to 15) can be set for each module except UDI by writing to interrupt
priority registers A, B, and E (IPRA, IPRB, and IPRE). The priority level of the UDI interrupt is
15 (fixed).

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

TMU and RTC interrupts can wake the chip up from the standby state when the relevant interrupt
level is higher than the setting of 13-10 in the SR register (but only when the RTC 32-kHz
oscillator is used).
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7.2.6 Interrupt Exception Handling and Priority

Tables 7.4 and 7.5 list the codes for the interrupt event registers (INTEVT and INTEVT2), and the
order of interrupt priority. Each interrupt source is assigned a unique code. The start address of the
interrupt service routine is common to each interrupt source. Thisiswhy, for instance, the value of
INTEVT or INTEVT2 is used as offset at the start of the interrupt service routine and branched to
in order to identify the interrupt source.

The priority of the on-chip peripheral module, IRQ, and PINT interruptsis set within priority
levels 0-15 asrequired by using interrupt priority registers A—E (IPRA-IPRE). The priority of the
on-chip peripheral module, IRQ, and PINT interruptsis set to O by areset.

When the priorities of multiple interrupt sources are set to the same level and such interrupts are
generated simultaneously, they are handled according to the default order shown in tables 7.4 and
7.5.
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Table7.4 Interrupt Exception Handling Sourcesand Priority (IRQ M ode)
Interrupt Priority
INTEVT Code Priority IPR (Bit within IPR  Default

Interrupt Source (INTEVT2 Code) (Initial Value) Numbers) Setting Unit Priority
NMI H'1CO0 (H'1CO0) 16 — — High
uDlI H'5EO0 (H'5E0) 15 — — A
IRQ IRQO H'200-3C0* (H'600) 0-15 (0) IPRC (3-0) —

IRQ1 H'200-3C0" (H'620) 0-15 (0) IPRC (7-4) —

IRQ2 H'200-3C0* (H'640) 0-15 (0) IPRC (11-8) —

IRQ3 H'200-3C0" (H'660) 0-15 (0) IPRC (15-12) —

IRQ4 H'200-3C0* (H'680) 0-15 (0) IPRD (3-0) —

IRQ5 H'200-3C0" (H'6A0) 0-15 (0) IPRD (7-4) —
PINT  PINTO-7 H'200-3C0" (H'700) 0-15 (0) IPRD (15-12) —

PINT8-15  H'200-3C0* (H'720) 0-15 (0) IPRD (11-8) —
DMAC DEIO H'200-3C0* (H'800) 0-15 (0) IPRE (15-12) High

DEI1 H'200-3C0" (H'820)

DEI2 H'200-3C0" (H'840) I

DEI3 H'200-3C0" (H'860) Low
DA  ERI1 H'200-3C0* (H'880) 0-15 (0) IPRE (11-8) High

RXI1 H'200-3C0" (H'8A0)

BRI1 H'200-3C0* (H'8C0) I

TXI1 H'200-3C0" (H'8E0) Low
SCIF  ERI2 H'200-3C0* (H'900) 0-15 (0) IPRE (7-4)  High

RXI2 H'200-3C0" (H'920)

BRI2 H'200-3C0* (H'940) I

TXI2 H'200-3C0" (H'960) Low
ADC  ADI H'200-3C0* (H'980) 0-15 (0) IPRE (3-0) —
TMUO TUNIO H'400 (H'400) 0-15 (0) IPRA (15-12) —
TMUL TUNI1 H'420 (H'420) 0-15 (0) IPRA (11-8) —
TMU2 TUNI2 H'440 (H'440) 0-15 (0) IPRA (7-4)  High

TICPI2 H'460 (H'460) Low Low
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Interrupt Priority

INTEVT Code Priority IPR (Bit within IPR  Default

Interrupt Source (INTEVT2 Code) (Initial Value) Numbers) Setting Unit Priority
RTC ATI H'480 (H'480) 0-15 (0) IPRA (3-0)  High High

PRI H'4A0 (H'4A0) ¢ A

CUI H'4CO (H'4C0) Low
SCI ERI H'4EO (H'4EO) 0-15 (0) IPRB (7-4)  High

RXI H'500 (H'500)

TXI H'520 (H'520)

TEI H'540 (H'540) Low
wDT [Tl H'560 (H'560) 0-15 (0) IPRB (15-12) —
REF RCMI H'580 (H'580) 0-15 (0) IPRB (11-8) High

ROVI H'5A0 (H'5A0) Low Low

Note: * The code corresponding to an interrupt level shown in table 7.6 is set.
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Table7.5

Interrupt Exception Handling Sourcesand Priority (IRL M ode)

Interrupt Priority
INTEVT Code Priority IPR (Bit within IPR  Default

Interrupt Source (INTEVT2 Code) (Initial Value) Numbers) Setting Unit Priority
NMI H'1CO (H'1C0) 16 — — High
uDI H'SEO (H'5E0) 15 — — A
IRL  TRL(3:0)"? = 0000 H'200 (H'200) 15 — —

IRL(3:0)** = 0001 H'220 (H'220) 14 — —

IRL(3:0)*2 = 0010 H'240 (H'240) 13 — —

IRL(3:0)** = 0011 H'260 (H'260) 12 — —

IRL(3:0)*2 = 0100 H'280 (H'280) 11 — —

IRL(3:0)** = 0101 H'2A0 (H'2A0) 10 — —

IRL(3:0)*2 = 0110 H'2CO (H'2CO) 9 — —

IRL(3:0)** = 0111 H'2EO0 (H'2E0) 8 — —

IRL(3:0)*2 = 1000 H'300 (H'300) 7 — —

IRL(3:0)*2 = 1001 H'320 (H'320) 6 — —

IRL(3:0)** = 1010 H'340 (H'340) 5 — —

IRL(3:0)*? = 1011 H'360 (H'360) 4 — —

IRL(3:0)** = 1100 H'380 (H'380) 3 — —

IRL(3:0)*% = 1101 H'3A0 (H'3A0) 2 — —

IRL(3:0)** = 1110 H'3CO (H'3C0) 1 — —
IRQ IRQ4 H'200-3C0** (H'680) 0-15 (0) IPRD (3-0) —

IRQ5 H'200-3C0** (H'6A0) 0-15 (0) IPRD (7-4) —
PINT PINTO-7 H'200-3C0*! (H'700) 0-15 (0) IPRD (15-12) —

PINT8-15 H'200-3C0** (H'720) 0-15 (0) IPRD (11-8) —
DMAC DEIO H'200-3C0** (H'800) 0-15 (0) IPRE (15-12) High

DEI1 H'200-3C0** (H'820)

DEI2 H'200-3C0** (H'840)

DEI3 H'200-3C0** (H'860) Low
I'DA  ERI1 H'200-3C0** (H'880) 0-15 (0) IPRE (11-8) High

RXI1 H'200-3C0** (H'8A0)

BRI1 H'200-3C0** (H'8C0)

TXI1 H'200-3C0** (H'8E0) Low Low
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Interrupt Source

INTEVT Code
(INTEVT2 Code)

Interrupt
Priority

IPR (Bit

(Initial Value) Numbers)

Priority
within IPR  Default
Setting Unit Priority

SCIF  ERI2 H'200-3C0** (H'900) 0-15 (0) IPRE (7-4)  High High
RXI2 H'200-3C0*! (H'920) A
BRI2 H'200-3C0** (H'940) I
TXI2 H'200-3C0** (H'960) Low
ADC ADI H'200-3C0** (H'980) 0-15 (0) IPRE (3-0) —
TMUO TUNIO H'400 (H'400) 0-15 (0) IPRA (15-12) —
TMUL TUNI1 H'420 (H'420) 0-15 (0) IPRA (11-8) —
TMU2 TUNI2 H'440 (H'440) 0-15 (0) IPRA (7-4)  High
TICPI2 H'460 (H'460) Low
RTC ATI H'480 (H'480) 0-15 (0) IPRA (3-0)  High
PRI H'4A0 (H'4A0) ¢
cul H'4CO (H'4C0) Low
SCl  ERI H'4EQ (H'4EO) 0-15 (0) IPRB (7-4)  High
RXI H'500 (H'500)
TXI H'520 (H'520)
TEI H'540 (H'540) Low
WDT ITI H'560 (H'560) 0-15 (0) IPRB (15-12) —
REF  RCMI H'580 (H'580) 0-15 (0) IPRB (11-8) High
ROVI H'5A0 (H'5A0) Low Low

Notes: 1. The code corresponding to an interrupt level shown in table 7.6 is set.
2. When IRLS3—-IRLSO0 are enabled, IRL is the higher level of IRL3—-IRLO and IRLS3-

IRLSO.
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Table7.6 Interrupt Levelsand INTEVT Codes

Interrupt level INTEVT Code
15 H'200
14 H'220
13 H'240
12 H'260
11 H'280
10 H'2A0
9 H'2C0
8 H'2EO
7 H'300
6 H'320
5 H'340
4 H'360
3 H'380
2 H'3A0
1 H'3CO
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7.3

731

INTC Registers

Interrupt Priority RegistersA to E (IPRA-IPRE)

Interrupt priority registers A to E (IPRA to IPRE) are 16-bit readable/writable registersin which
priority levels from 0 to 15 are set for on-chip peripheral module, IRQ, and PINT interrupts. These
registers are initialized to H'0000 by a power-on reset or manual reset, but are not initialized in

standby mode.

Bit:

Initial value:
R/W:

Bit:

Initial value:
R/W:

15 14 13 12 11 10 9 8
I N A N R R
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
I N A N R R
0 0 0 0 0 0 0 0
R/W R/W R/W R/W R/W R/W R/W R/W

Table 7.7 lists the rel ationship between the interrupt sources and the |PRA—IPRE bits.

Table7.7 Interrupt Request Sourcesand IPRA-IPRE

Register Bits 15to 12 Bits 11to 8 Bits 7to 4 Bits 3to 0
IPRA TMUO TMU1 TMU2 RTC

IPRB WDT REF SCI0 Reserved”
IPRC IRQ3 IRQ2 IRQ1 IRQO
IPRD PINTO to PINT7 PINT8 to PINT15 IRQ5 IRQ4
IPRE DMAC IrDA SCIF ADC

Note: * Always read as 0. Only 0 should be written.

Asshownintable 7.7, on-chip peripheral module, IRQ, or PINT interrupts are assigned to four 4-
bit groups in each register. These 4-bit groups (bits 15 to 12, bits 11 to 8, bits 7 to 4, and bits 3 to
0) are set with values from H'0 (0000) to H'F (1111). Setting H'O means priority level 0 (masking
isrequested); H'F is priority level 15 (the highest level). A reset initializes IPRA—IPRE to H'0000.
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732 Interrupt Control Register 0 (ICRO0)

ICRO is aregister that sets the input signal detection mode of external interrupt input pin NMI, and
indicates the input signal level at the NMI pin. Thisregister isinitialized to H'0000 or H'8000 by a
power-on reset or manual reset, but is not initialized in standby mode.

Bit: 15 14 13 12 11 10 9 8
\ NMIL \ — — — — — — \ NMIE \
Initial value:  0/1* 0 0 0 0 0 0 0
RIW: R R R R R R R RIW
Bit: 7 6 5 4 3 2 1 0
-l -1 -1-1=-1=-7]T=171T=1
Initial value: 0 0 0 0 0 0 0 0
RIW: R R R R

Note: * 1 when NMI input is high, 0 when NMI input is low.

Bit 15—NMI1 Input Level (NMIL): Setsthelevel of the signal input at the NMI pin. This bit can
be read to determine the NMI pin level. This bit cannot be modified.

Bit 15: NMIL Description

0 NMI input level is low

1 NMI input level is high

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

Bit 8: NMIE Description

0 Interrupt request is detected on falling edge of NMI input

1 Interrupt request is detected on rising edge of NMI input

Bits 14 to 9 and 7 to 0—Reserved: These bits are always read as 0. Thewrite value should
always be 0.
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7.33 Interrupt Control Register 1 (ICR1)

ICR1 is a 16-bit register that specifies the detection mode for external interrupt input pins IRQO to
IRQ5 individually: rising edge, falling edge, or low level. Thisregister isinitialized to H'4000 by a
power-on reset or manual reset, but is not initialized in standby mode.

Bit. 15 14 13 12 11 10 9 8
\ MAI \ IRQLVL \ BLMSK \ IRLSEN \ IRQ51S \ IRQ50S \ IRQ41S \ IRQ40S \
Initial value: 0 1 0 0 0 0 0 0

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

Bit. 7 6 5 4 3 2 1 0
\ IRQ31S \ IRQ30S \ IRQ21S \ IRQ20S \ IRQ11S \ IRQ10S \ IRQO1S \ IRQO0S \
Initial value: 0 0 0 0 0 0 0 0

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

Bit 15—Mask All Interrupts (MAI): When set to 1, al interrupt requests are masked while a
low level is being input to the NMI pin. Masks NMI interrupts in standby mode.

Bit 15: MAI Description
0 All interrupt requests are not masked when NMI pin is low level (Initial value)
1 All interrupt requests are masked when NMI pin is low level

Bit 14—Interrupt Request Level Detect (IRQLVL): Selects whether the IRQ3-1RQO pins are
used as four independent interrupt pins or as 15-level interrupt pins encoded as IRL3—IRLO.

Bit 14: IRQLVL Description

0 Used as four independent interrupt request pins IRQ3-IRQO

1 Used as 15-level interrupt pins encoded as IRL3-IRLO (Initial value)

Bit 13—BL Bit Mask (BL M SK): Specifies whether NMI interrupts are masked when the BL bit
inthe SRregister is 1.

Bit 13: BLMSK Description

0 NMI interrupts are masked when BL bitis 1 (Initial value)

1 NMI interrupts are accepted regardless of BL bit setting
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Bit 12—IRLS Enable (IRLSEN): Enables pins IRLS3-IRLSO0. Thisbit isvalid only when the
IRQLVL bitis1.

Bit 12: IRLSEN Description

0 Pins IRLS3-IRLSO disabled (Initial value)

1 Pins IRLS3-IRLSO enabled

Bits 11 and 10—IRQ5 Sense Select (IRQ51S, IRQ50S): Select whether the interrupt signal to
the IRQ5 pin is detected at the rising edge, at the falling edge, or at the low level.

Bit 11: IRQ51S Bit 10: IRQ50S Description

0 0 An interrupt request is detected at IRQ5 input falling edge
(Initial value)

An interrupt request is detected at IRQ5 input rising edge

1 0 An interrupt request is detected at IRQ5 input low level

Reserved

Bits 9 and 8—I1RQ4 Sense Select (IRQ41S, IRQ40S): Select whether the interrupt signal to the
IRQ4 pin is detected at the rising edge, at the falling edge, or at the low level.

Bit 9: IRQ41S Bit 8: IRQ40S Description

0 0 An interrupt request is detected at IRQ4 input falling edge
(Initial value)

An interrupt request is detected at IRQ4 input rising edge

1 0 An interrupt request is detected at IRQ4 input low level

Reserved

Bits 7 and 6—IRQ3 Sense Select (IRQ31S, IRQ30S): Select whether the interrupt signal to the
IRQ3 pin is detected at the rising edge, at the falling edge, or at the low level.

Bit 7: IRQ31S Bit 6: IRQ30S Description

0 0 An interrupt request is detected at IRQ3 input falling edge
(Initial value)

An interrupt request is detected at IRQ3 input rising edge

1 0 An interrupt request is detected at IRQ3 input low level

Reserved
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Bits5 and 4—IRQ2 Sense Select (IRQ21S, IRQ20S): Select whether the interrupt signal to the
IRQ2 pin is detected at the rising edge, at the falling edge, or at the low level.

Bit 5: IRQ21S Bit 4: IRQ20S Description

0 0 An interrupt request is detected at IRQ2 input falling edge
(Initial value)

An interrupt request is detected at IRQZ2 input rising edge

1 0 An interrupt request is detected at IRQZ2 input low level

Reserved

Bits 3 and 2—IRQ1 Sense Select (IRQ11S, IRQ10S): Select whether the interrupt signal to the
IRQL1 pin is detected at the rising edge, at the falling edge, or at the low level.

Bit 3: IRQ11S Bit 2: IRQ10S Description

0 0 An interrupt request is detected at IRQ1 input falling edge
(Initial value)

An interrupt request is detected at IRQ1 input rising edge

1 0 An interrupt request is detected at IRQ1 input low level

Reserved

Bits 1 and 0—IRQO Sense Select (IRQO1S, IRQO00S): Select whether the interrupt signal to the
IRQO pin is detected at the rising edge, at the falling edge, or at the low level.

Bit 1: IRQO1S Bit 0: IRQO0S Description

0 0 An interrupt request is detected at IRQO input falling edge
(Initial value)

An interrupt request is detected at IRQO input rising edge

1 0 An interrupt request is detected at IRQO input low level

Reserved
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734 Interrupt Control Register 2 (ICR2)

ICR2 is a 16-hit readable/writable register that sets the detection mode for external interrupt input
pins PINTO to PINT15. Thisregister isinitialized to H'0000 by a power-on reset or manual reset,
but isnot initialized in standby mode.

Bitt 15 14 13 12 11 10 9 8
‘PINTlSS‘PINTMS‘PINT13S‘PINT14S‘PINT11$‘PINTlos‘ PINT9S \ PINTSS \
Initial value: 0 0 0 0 0 0 0 0

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

Bit: 7 6 5 4 3 2 1 0
\ PINT7S \ PINT6S \ PINT5S \ PINT4S \ PINT3S \ PINT2S \ PINTLS \ PINTOS \
Initial value: 0 0 0 0 0 0 0 0

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

Bits 15to 0—PINT15to PINTO Sense Select (PINT15Sto PINTOS): Select whether interrupt
request signalsto PINT15 to PINTO are detected at the low level or high level.

Bits 15-0:
PINT15S to PINTOS Description
0 Interrupt requests are detected at low level input to the PINT pin
(Initial value)
1 Interrupt requests are detected at high level input to the PINT pin
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7.35 PINT Interrupt Enable Register (PINTER)

PINTER is a 16-bit readable/writable register that enables interrupt requests input to external
interrupt input pins PINTO to PINT15. Thisregister isinitialized to H'0000 by a power-on reset or
manual reset, but is not initialized in standby mode.

Bitt 15 14 13 12 11 10 9 8
‘PINTlSE‘PINTME‘PINT13E‘PINTlZE‘PINTllE‘PINTlOE‘ PINT9E \ PINTSE \
Initial value: 0 0 0 0 0 0 0 0

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

Bit: 7 6 5 4 3 2 1 0
\ PINT7E \ PINT6E \ PINTSE \ PINT4E \ PINT3E \ PINT2E \ PINTLE \ PINTOE \
Initial value: 0 0 0 0 0 0 0 0

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

Bits15to 0—PINT15to PINTO Interrupt Enable (PINT15E to PINTOE): Enable or diable
interrupt request input to pins PINT15 to PINTO.

Bits 15-0:

PINT15E to PINTOE Description

0 PINT input interrupt requests disabled (Initial value)
1 PINT input interrupt requests enabled

When all or some of pins PINTO—PINT15 are not used for interrupt input, bits corresponding to
pins not used as interrupt request pins should be cleared to 0.
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7.3.6 Interrupt Request Register 0 (IRROQ)

IRRO is an 8-hit register that indicates interrupt requests from external input pins IRQO to IRQ5
and PINTO to PINT15. Thisregister isinitialized to H'00 by a power-on reset or manual reset, but
isnot initialized in standby mode.

Bit. 7 6 5 4 3 2 1 0
‘PINTOR \ PINTlR‘ IRQ5R \ IRQ4R \ IRQ3R \ IRQ2R \ IRQ1R \ IRQOR \

Initial value: 0 0 0 0 0 0 0 0

RW: R R RW RW RW RW RW  RW

When clearing an IRQ5R-IRQOR bit to O, read the bit while bit set to 1, and then write 0. In this
case, 0 should be written only to the bits to be cleared and 1 to the other bits. The contents of the
bitsto which 1 is written do not change.

Bit 7—PINTO to PINT7 Interrupt Request (PINTOR): Indicates whether there isinterrupt
reguest input to pins PINTO to PINT7.

Bit 7: PINTOR Description

0 No interrupt request to pins PINTO to PINT7 (Initial value)
1 Interrupt to pins PINTO to PINT7

Bit 6—PINT8 to PINT15 Interrupt Request (PINT 1R): Indicates whether there isinterrupt
reguest input to pins PINT8 to PINT15.

Bit 6: PINT1IR Description

0 No interrupt request input to pins PINT8 to PINT15 (Initial value)

1 Interrupt request input to pins PINT8 to PINT15

Bit 5—IRQ5 Interrupt Request (IRQ5R): Indicates whether there isinterrupt request input to
the IRQ5 pin. When edge detection mode is set for IRQ5, an interrupt request is cleared by
clearing the IRQ5R bit.

Bit 5: IRQ5R Description

0 No interrupt request input to IRQ5 pin (Initial value)

1 Interrupt request input to IRQ5 pin
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Bit 4—IRQ4 Interrupt Request (IRQ4R): Indicates whether there isinterrupt request input to
the IRQ4 pin. When edge detection mode is set for IRQ4, an interrupt request is cleared by
clearing the IRQ4R bit.

Bit 4: IRQ4R Description

0 No interrupt request input to IRQ4 pin (Initial value)

1 Interrupt request input to IRQ4 pin

Bit 3—IRQ3 Interrupt Request (IRQ3R): Indicates whether there isinterrupt request input to
the IRQ3 pin. When edge detection mode is set for IRQ3, an interrupt request is cleared by
clearing the IRQ3R hit.

Bit 3: IRQ3R Description

0 No interrupt request input to IRQ3 pin (Initial value)

1 Interrupt request input to IRQ3 pin

Bit 2—IRQ2 Interrupt Request (IRQ2R): Indicates whether there isinterrupt request input to
the IRQ2 pin. When edge detection mode is set for IRQ2, an interrupt request is cleared by
clearing the IRQ2R hit.

Bit 2: IRQ2R Description

0 No interrupt request input to IRQ2 pin (Initial value)

1 Interrupt request input to IRQ2 pin

Bit 1—IRQ1 Interrupt Request (IRQ1R): Indicates whether there isinterrupt request input to
the IRQ1 pin. When edge detection mode is set for IRQ1, an interrupt request is cleared by
clearing the IRQ1R bit.

Bit 1: IRQ1R Description

0 No interrupt request input to IRQ1 pin (Initial value)

1 Interrupt request input to IRQ1 pin

Bit 0—IRQO Interrupt Request (IRQOR): Indicates whether there isinterrupt request input to
the IRQO pin. When edge detection mode is set for IRQO, an interrupt request is cleared by
clearing the IRQOR bhit.

Bit 0: IRQOR Description

0 No interrupt request input to IRQO pin (Initial value)

1 Interrupt request input to IRQO pin
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7.3.7 Interrupt Request Register 1 (IRR1)

IRR1 is an 8-bit read-only register that indicates whether DMAC or IrDA interrupt requests have
been generated. Thisregister isinitialized to H'00 by a power-on reset or manual reset, but is not
initialized in standby mode.

Bit. 7 6 5 4 3 2 1 0
\ TXI1IR \ BRILR \ RXI1R \ ERILR \ DEI3R \ DEI2R \ DEI1R \ DEIOR \

Initial value: 0 0 0 0 0 0 0 0

RW: R R R R R R R R

Bit 7—TXI1 Interrupt Request (TXI1R): Indicates whether a TX11 (IrDA) interrupt request has
been generated.

Bit 7: TXI1 Description
0 TXI1 interrupt request not generated (Initial value)
1 TXI1 interrupt request generated

Bit 6—BRI 1 Interrupt Request (BRI1R): Indicates whether a BRI1 (IrDA) interrupt request has
been generated.

Bit 6: BRI1R Description

0 BRI1 interrupt request not generated (Initial value)

1 BRI1 interrupt request generated

Bit 5—RXI1 Interrupt Request (RXI1R): Indicates whether an RXI1 (IrDA) interrupt request
has been generated.

Bit 5: RXI1R Description

0 RXI1 interrupt request not generated (Initial value)

1 RXI1 interrupt request generated

Bit 4—ERI 1 Interrupt Request (ERI1R): Indicates whether an ERI1 (IrDA) interrupt request
has been generated.

Bit 4: ERI1R Description

0 ERI1 interrupt request not generated (Initial value)

1 ERI1 interrupt request generated
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Bit 3—DEI 3 Interrupt Request (DEI3R): Indicates whether a DEI3 (DMAC) interrupt request
has been generated.

Bit 3: DEI3R Description

0 DEI3 interrupt request not generated (Initial value)

1 DEI3 interrupt request generated

Bit 2—DEI 2 Interrupt Request (DEI2R): Indicates whether a DEI2 (DMAC) interrupt request
has been generated.

Bit 2: DEI2R Description

0 DEI2 interrupt request not generated (Initial value)

1 DEI2 interrupt request generated

Bit 1—DEI 1 Interrupt Request (DEI1R): Indicates whether a DEI1 (DMAC) interrupt request
has been generated.

Bit 1: DEI1R Description

0 DEI1 interrupt request not generated (Initial value)

1 DEI1 interrupt request generated

Bit 0—DEIO Interrupt Request (DEIOR): Indicates whether a DEIO (DMAC) interrupt request
has been generated.

Bit 0: DEIOR Description

0 DEIO interrupt request not generated (Initial value)

1 DEIO interrupt request generated

7.3.8 Interrupt Request Register 2 (IRR2)

IRR2 is an 8-hit read-only register that indicates whether an A/D converter or SCIF interrupt
reguest has been generated. Thisregister isinitialized to H'00 by a power-on reset or manual reset,
but is not initialized in standby mode.

Bit. 7 6 5 4 3 2 1 0

\ — \ — \ — \ ADIR \ TXI2R \ BRI2R \ RXI2R \ ERI2R \
Initial value: 0 0 0 0 0 0 0 0
RW: R R R R R R R R

Rev. 5.0, 09/03, page 185 of 806
RENESAS



Bits 7 to 5—Reserved: These bits are always read as 0. The write value should always be 0.

Bit 4—ADI Interrupt Request (ADIR): Indicates whether an ADI (ADC) interrupt request has
been generated.

Bit 4: ADIR Description

0 ADI interrupt request not generated (Initial value)

1 ADI interrupt request generated

Bit 3—TXI2 Interrupt Request (TXI2R): Indicates whether a TX12 (SCIF) interrupt request has
been generated.

Bit 3: TXI2R Description

0 TXI2 interrupt request not generated (Initial value)

1 TXI2 interrupt request generated

Bit 2—BRI 2 Interrupt Request (BRI 2R): Indicates whether a BRI2 (SCIF) interrupt request has
been generated.

Bit 2: BRI2R Description

0 BRI2 interrupt request not generated (Initial value)

1 BRI2 interrupt request generated

Bit 1—RXI2 Interrupt Request (RXI2R): Indicates whether an RX12 (SCIF) interrupt request
has been generated.

Bit 1: RXI2R Description

0 RXI2 interrupt request not generated (Initial value)

1 RXI2 interrupt request generated

Bit 0—ERI 2 Interrupt Request (ERI2R): Indicates whether an ERI2 (SCIF) interrupt request
has been generated.

Bit 0: ERI2R Description

0 ERI2 interrupt request not generated (Initial value)

1 ERI2 interrupt request generated
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74 INTC Operation

74.1 Interrupt Sequence

The sequence of interrupt operationsis described below. Figure 7.3 is aflowchart of the
operations.

1

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

2. Theinterrupt controller selects the highest-priority interrupt from the interrupt requests sent,

© N o’

following the priority levels set in interrupt priority registers A to E (IPRA to IPRE). Lower

priority interrupts are held pending. If two of these interrupts have the same priority level or if
multiple interrupts occur within a single module, the interrupt with the highest default priority
or the highest priority within its IPR setting unit (asindicated in tables 7.4 and 7.5) is selected.

The priority level of theinterrupt selected by the interrupt controller is compared with the
interrupt mask bits (13-10) in the status register (SR) of the CPU. If the request priority level is
higher than the level in bits I3-10, the interrupt controller accepts the interrupt and sends an
interrupt request signal to the CPU. When the interrupt controller receives an interrupt, alow
level is output from the IRQOUT pin.

Detection timing: The INTC operates, and notifies the CPU of interrupt requests, in
synchronization with the peripheral clock (Pg). The CPU receives an interrupt at abreak in
instructions.

Theinterrupt source code is set in the interrupt event registers (INTEVT and INTEVT2).

The status register (SR) and program counter (PC) are saved to SSR and SPC, respectively.
The block bit (BL), mode bit (MD), and register bank bit (RB) in SR are set to 1.

The CPU jumpsto the start address of the interrupt handler (the sum of the value set in the
vector base register (VBR) and H'00000600). This jump is nhot a delayed branch. The interrupt
handler may branch with the INTEVT and INTEV T2 register value as its offset in order to
identify the interrupt source. This enablesit to branch to the handling routine for the individual
interrupt source.

Notes: 1. Theinterrupt mask bits (13-10) in the status register (SR) are not changed by

acceptance of an interrupt in the SH7729R.

2. TRQOUT outputs alow level until the interrupt request is cleared. However, if the
interrupt source is masked by an interrupt mask bit, the IRQOUT pin returns to the
high level. The level is output without regard to the BL bit.

3. Theinterrupt source flag should be cleared in the interrupt handler. To ensure that an
interrupt request that should have been cleared is not inadvertently accepted again, read
the interrupt source flag after it has been cleared, then wait for the interval shownin
table 7.8 (Time for priority decision and SR mask bit comparison) before clearing the
BL bit or executing an RTE instruction.
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Figure7.3 Interrupt Operation Flowchart
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7.4.2 Multiple Interrupts

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

1

o 0k~ WD

Branch to a specific interrupt handler corresponding to acode set in INTEVT and INTEVT2.
Thecodein INTEVT and INTEV T2 can be used as a branch-offset for branching to the
specific handler.

Clear the cause of the interrupt in each specific handler.

Save SSR and SPC to memory.

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

Execute the RTE instruction.

When these procedures are followed in order, an interrupt of higher priority than the one being
handled can be accepted after clearing BL in step 4. Figure 7.3 shows a sampleinterrupt operation
flowchart.

75 Interrupt Response Time

The time from generation of an interrupt request until interrupt exception handling is performed
and fetching of the first instruction of the exception handler is started (the interrupt response time)
isshown in table 7.8. Figure 7.4 shows an example of pipeline operation when an IRL interrupt is
accepted. When SR.BL is 1, interrupt exception handling is masked, and is kept waiting until
completion of aninstruction that clears BL to O.
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Table7.8 Interrupt Response Time

Number of States

Peripheral
Item NMI IRQ PINT Modules Notes
Time for priority 0.5 x Iecyc 0.5 x Icyc 0.5 x Icyc 0.5 x Icyc
decision and SR +0.5xBcyc +1xBcyc +35xPcyc +1.5x
mask bit comparison + 0.5 xPcyc +4.5x Pcyc*5

*4 .
Peyc 0.5 x Icyc
+3 x Pcyc*®

Wait time until end
of sequence being
executed by CPU

X (=0)xlcyc X (=0)xlcyc X(=0) xIcyc X (=0) xIcyc

Interrupt exception
handling is kept
waiting until the
executing instruc-
tion ends. If the
number of instruc-
tion execution
states is S**, the
maximum wait
timeis: X=S-1.
However, if BL is
set to 1 by instru-
ction execution or
by an exception,
interrupt exception
handling is
deferred until
completion of an
instruction that
clears BLto 0. If
the following
instruction masks
interrupt exception
handling, the
handling may be
further deferred.

Time from interrupt
exception handling
(save of SR and PC)
until fetch of first
instruction of
exception handler is
started

5 xIcyc 5 xIcyc 5 xIcyc

5 xIcyc
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Number of States

Peripheral
Item NMI IRQ PINT Modules Notes
Response Total (5.5 +X) (5.5 +X) (5.5 +X) (5.5 + X)
time x |cyc x Icyc x |cyc x |cyc
+0.5xBcyc +1xBcyc+ +3.5x +15
+0.5 xPcyc 4.5 x Pcyc*® Pcyc*® x Pcyc™®
(5.5+X)
x |cyc
+ 3 x Pcyc*®
Minimum 7.5 16.5 12.5 8.5*°/11.5*® At 60-MHz (CKIO
case*? = 30) operation:
0.13-0.28 ps
Maximum 8.5+ S 26.5+S 185+S 105+S™  At60-MHz (CKIO
case™® 16.5+s* = 15) operation:
0.26-0.56 ps (in
case of operand
cache-hit)
At 60-MHz (CKIO
= 15) operation:
0.29-0.59 ps
(when external
memory access is
performed with
wait = 0)
Icyc: Duration of one cycle of internal clock supplied to CPU.
Bcyc: Duration of one CKIO cycle.
Pcyc: Duration of one cycle of peripheral clock supplied to peripheral modules.
Notes: 1. S also includes the memory access wait time.

oA~ WD

The processing requiring the maximum execution time is LDC.L @Rm+, SR. When the
memory access is a cache-hit, this requires seven instruction execution cycles. When
the external access is performed, the corresponding number of cycles must be added.
There are also instructions that perform two external memory accesses; if the external
memory access is slow, the number of instruction execution cycles will increase
accordingly.

The internal clock:CKIO:peripheral clock ratio is 2:1:1.

The internal clock:CKIO:peripheral clock ratio is 4:1:1.

IRQ mode

Modules: TMU, RTC, SCI, WDT, REFC

Modules: DMAC, ADC, IrDA, SCIF
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Interrupt Start of interrupt
acceptance handling

0.5 x leyc
+ 0.5 x Beye

+2 x Pcyc 5 x lcyc

IRL

Instruction (instruction T
replaced by interrupt | IF | ID | EX | EX | EX | EX
exception handling) ! '

Overrun fetch IF
First instruction of interrupt !
handler IF m

IF: Instruction fetch: Instruction is fetched from memory in which program is stored.
ID: Instruction decode: Fetched instruction is decoded.
EX: Instruction execution: Data operation and address calculation are performed.

Figure7.4 Example of Pipeline Operationswhen IRL Interrupt is Accepted
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Section 8 User Break Controller

8.1 Overview

The user break controller (UBC) provides functions that simplify program debugging. Break
conditions are set in the UBC and a user break is generated according to the conditions of the bus
cycle generated by the CPU or on-chip DMAC. The breakpoint check function monitors
instruction fetches and operand read/writes, generating a variable combination of pre-execution
instruction fetch, post-execution instruction fetch, and post-execution operand access breakpoint
traps under designated read/write conditions.

Thisfunction makesit easy to design an effective self-monitoring debugger, enabling the chip to
debug programs without using an in-circuit emulator.

811 Features
The UBC hasthe following features:

« Thefollowing break comparison conditions can be set.

Number of break channels: two channels (channels A and B)

User break can be requested as either the independent or sequential condition on channels A
and B (sequential break setting: when a channel A break condition match isfollowed by a
channel B break condition match, and both matches do not occur in the same bus cycle).

0 Address (Compares 40 bits comprising a 32-bit logical address prefixed with an ASID
address. Comparison bits are maskable in 32-bit units; user can mask addresses at lower 12
bits (4-k page), lower 10 bits (1-k page), or any size of page, etc.)

One of four address buses (logic address bus (LAB), internal address bus (I1AB),
X-memory address bus (XAB), or Y-memory address bus (Y AB)) can be selected.
0 Data (only on channel B, 32-bit maskable)

One of the four data buses (logic data bus (LDB), internal data bus (IDB), X-memory data
bus (XDB), or Y-memory data bus (Y DB)) can be selected.

Bus master: CPU or DMAC cycle

Bus cycle: Instruction fetch or data access
Read/write

Operand size: Byte, word, or longword

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

e Inaningruction fetch cycle, break setting before or after instruction execution can be set.

» Breaks can be specified for on-chip 1/0 accesses or LDTLB instruction execution in ASE
mode.

g
U
g
U
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» The number of repetitions can be specified as a break condition. (channel B only)
« Maximum repetitions for the break condition: 2'? — 1 times,
» Eight pairs of branch source/destination buffers.
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8.1.2 Block Diagram

XAB/YAB
Access A 1AB  LAB MDB
v '\ f '\ f
. Access
"| comparator BBRA
BARA
> Address
.| comparator
- BAMRA
ASID N
comparator BASRA [ ————————P
r<— Channel A
| comparator BBRB
o BARB
»| Address
comparator
- BAMRB
ASID
comparator. BASRB<—’
Data BDRB
- comparator
BDMRB
l-«— Channel B <_—>‘ BETR | >
- BRSR
= | PC Trace
- BRDR
\ \ Y — CONTROL BRCR
\ Y
LDB/IDB/
ey cPU state User break request
signals ;
[ 1 UBC Location RXXJ CCN Location
Legend
BBRA: Break bus cycle register A BASRB: Break ASID register B
BARA: Break address register A BDRB: Break data register B
BAMRA: Break address mask register A BDMRB: Break data mask register B
BASRA: Break ASID register A BETR: Break execution times register
BBRB: Break bus cycle register B BRSR: Branch source register
BARB: Break address register B BRDR: Branch destination register
BAMRB: Break address mask register B BRCR: Break control register

Figure8.1 Block Diagram of User Break Controller
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8.1.3 Register Configuration
Table8.1 UBC Registers

Initial Access
Name Abbr. RW  Value*! Address Size Location
Break address register A BARA R/W  H'00000000 H'FFFFFFBO 32 UBC
Break address mask BAMRA R/W  H'00000000 H'FFFFFFB4 32 UBC
register A
Break bus cycle register A BBRA R/W  H'0000 H'FFFFFFB8 16 UBC
Break address register B BARB R/W  H'00000000 H'FFFFFFAO0 32 UBC
Break address mask BAMRB R/W  H'00000000 H'FFFFFFA4 32 UBC
register B
Break bus cycle register B BBRB R/W  H'0000 H'FFFFFFA8 16 UBC
Break data register B BDRB R/W  H'00000000 H'FFFFFF90 32 UBC
Break data mask register B BDMRB R/W  H'00000000 H'FFFFFF94 32 UBC
Break control register BRCR R/W  H'00000000 H'FFFFFF98 32 UBC
Execution count break BETR R/W  H'0000 H'FFFFFFOC 16 uUBC
register
Branch source register BRSR R Undefined*? H'EFFFFFAC 32 UBC
Branch destination register BRDR R Undefined*? HFFFFFFBC 32 uBC
Break ASID register A BASRA R/MW  Undefined H'FFFFFFE4 8 CCN
Break ASID register B BASRB R/W  Undefined H'FFFFFFE8 8 CCN

Notes: 1.
manual reset.

Initialized by a power-on reset. Values held in the standby state and undefined in a

2. Bit 31 of BRSR and BRDR (valid flag) is initialized by a power-on reset, but other bits

are not.
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8.2 Register Descriptions

8.21 Break Address Register A (BARA)

Bitt 31 30 29 28 27 26 25 24
\ BAA31 \ BAA30 \ BAA29 \ BAA2S \ BAA27 \ BAA26 \ BAA25 \ BAA24 \
Initial value: 0 0 0 0 0 0 0 0

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

Bitt 23 22 21 20 19 18 17 16
\ BAA23 \ BAA22 \ BAA21 \ BAA20 \ BAA19 \ BAA18 \ BAA17 \ BAA16 \
Initial value: 0 0 0 0 0 0 0 0

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

Bitt 15 14 13 12 11 10 9 8
\ BAA15 \ BAA14 \ BAA13 \ BAA12 \ BAA11 \ BAA10 \ BAA9 \ BAAS \
Initial value: 0 0 0 0 0 0 0 0

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

Bit: 7 6 5 4 3 2 1 0
\ BAA7 \ BAAG \ BAAS \ BAA4 \ BAA3 \ BAA2 \ BAAL \ BAAO \
Initial value: 0 0 0 0 0 0 0 0

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

BARA isa32-bit readable/writable register that specifies the address used as a break condition in
channel A. BARA isinitialized to H'00000000 by a power-on reset.

Bits 31 to 0—Break Address A31to A0 (BAA31to BAAO): Store the address onthe LAB or
IAB specifying break conditions of channel A.
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8.2.2 Break Address Mask Register A (BAMRA)

Bitt 31 30 29 28 27 26 25 24
\ BAMA31 \ BAMASO‘ BAMAZQ‘ BAMA28‘ BAMA27 \ BAMAZG‘ BAMAZS‘ BAMA24‘
Initial value: 0 0 0 0 0 0 0 0

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

Bitt 23 22 21 20 19 18 17 16
\ BAMAZS‘ BAMA22 \ BAMA21 \ BAMAZO‘ BAMAlQ‘ BAMA18‘ BAMA17 \ BAMAlG‘
Initial value: 0 0 0 0 0 0 0 0

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

Bitt 15 14 13 12 11 10 9 8
‘BAMA15‘BAMA14‘BAMA13‘BAMA12‘BAMAll‘BAMAlO‘ BAMAQ \ BAMAS \
Initial value: 0 0 0 0 0 0 0 0

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

Bit: 7 6 5 4 3 2 1 0
\ BAMA7 \ BAMAG \ BAMAS \ BAMA4 \ BAMA3 \ BAMA2 \ BAMAL \ BAMAO \
Initial value: 0 0 0 0 0 0 0 0

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

BAMRA isa 32-bit readable/writable register that specifies bits masked in the break address
specified by BARA. BAMRA isinitialized to H'00000000 by a power-on reset.

Bits 31 to 0—Break Address Mask Register A31to A0 (BAMA31to BAMAOQ): Specify bits
masked in the channel A break address bits specified by BARA (BAA31-BAADO).

Bits 31-0:
BAMAnN Description
0 Break address bit BAAn of channel A is included in the break condition
(Initial value)
1 Break address bit BAAn of channel A is masked and is not included in the break
condition
n=31-0
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8.2.3 Break Bus Cycle Register A (BBRA)

Bitt 15 14 13 12 11 10 9 8
-l -1-1T-7T-=-7T=-1=-7T="1
Initial value: 0 0 0 0 0 0 0 0
R/W:
Bit: 7 6 5 4 3 2 1 0
\ CDAl \ CDAO \ IDAL \ IDAO \ RWAL \ RWAO \ SzA1 \ SZAO \
Initial value: 0 0 0 0 0 0 0 0
RW: RW RW RW RW RW RW RW RW

Break bus cycleregister A (BBRA) isa 16-bit readable/writable register that specifies (1) CPU
cycle or DMAC cycle, (2) instruction fetch or data access, (3) read or write, and (4) operand size
in the break conditions of channel A. BBRA isinitialized to H'0000 by a power-on reset.

Bits 15 to 8—Reserved: These bits are always read as 0. The write value should always be 0.

Bits 7 and 6—CPU Cycle/DMAC Cycle Select A (CDA1, CDAO): Select aCPU cycle or
DMAC cycle as the bus cycle of the channel A break condition.

Bit 7: CDA1 Bit 6: CDAO Description

0 0 Condition comparison is not performed (Initial value)
* 1 Break condition is CPU cycle

1 0 Break condition is DMAC cycle

Note: * Don't care

Bits 5 and 4—Instruction Fetch/Data Access Select A (IDA1, IDAQ): Select an instruction
fetch cycle or data access cycle as the bus cycle of the channel A break condition.

Bit 5: IDA1 Bit 4: IDAO Description

0 0 Condition comparison is not performed (Initial value)
1 Break condition is instruction fetch cycle

1 0 Break condition is data access cycle
1 Break condition is instruction fetch cycle or data access cycle
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Bits 3 and 2—Read/Write Select A (RWA1, RWAOQ): Select aread cycle or write cycle as the
bus cycle of the channel A break condition.

Bit 3: RWAL Bit 2: RWAO Description

0 0 Condition comparison is not performed (Initial value)
1 Break condition is read cycle

1 0 Break condition is write cycle
1 Break condition is read cycle or write cycle

Bits 1 and 0—Operand Size Select A (SZA1, SZA0): Select the operand size of the bus cycle
for the channel A break condition.

Bit 1: SZA1 Bit 0: SZAO Description

0 0 Break condition does not include operand size (Initial value)
1 Break condition is byte access

1 0 Break condition is word access
1 Break condition is longword access
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824 Break Address Register B (BARB)

Bitt 31 30 29 28 27 26 25 24
\ BAB31 \ BAB30 \ BAB29 \ BAB28 \ BAB27 \ BAB26 \ BAB25 \ BAB24 \
Initial value: 0 0 0 0 0 0 0 0

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

Bitt 23 22 21 20 19 18 17 16
\ BAB23 \ BAB22 \ BAB21 \ BAB20 \ BAB19 \ BAB18 \ BAB17 \ BAB16 \
Initial value: 0 0 0 0 0 0 0 0

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

Bitt 15 14 13 12 11 10 9 8
\ BAB15 \ BAB14 \ BAB13 \ BAB12 \ BAB11 \ BAB10 \ BAB9 \ BABS \
Initial value: 0 0 0 0 0 0 0 0

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

Bit: 7 6 5 4 3 2 1 0
\ BAB7 \ BAB6 \ BAB5 \ BAB4 \ BAB3 \ BAB2 \ BAB1 \ BABO \
Initial value: 0 0 0 0 0 0 0 0

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

BARB is a 32-bit readable/writable register that specifies the address used as a break condition in
channel B. Control bits XYE and XY Sin BBRB select an address bus for break condition B. If
XYE isO0, then BARB specifies the break address on the logic or internal bus, LAB or IAB. If
XYEis1, then BAB31-16 specifiesthe break address on XAB (bits 15-1) and BAB15-0
specifies the break address on Y AB (bits 15-1). However, one of two address buses must be
chosen for the break. BARB isinitialized to H'00000000 by a power-on reset.

BAB31-16 BAB15-0
XYE =0 L(l) AB31-16 L(l) AB15-0
XYE =1 XAB15-1 (XYS = 0) YAB15-1 (XYS = 1)
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8.25 Break AddressMask Register B (BAMRB)

Bitt 31 30 29 28 27 26 25 24
\ BAMB31 \ BAMBSO‘ BAMBZQ‘ BAMBZS‘ BAMB27 \ BAMBZG‘ BAMBZS‘ BAMBZ4‘
Initial value: 0 0 0 0 0 0 0 0

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

Bitt 23 22 21 20 19 18 17 16
\ BAMBZS‘ BAMB22 \ BAMB21 \ BAMBZO‘ BAMBlQ‘ BAMBlS‘ BAMB17 \ BAMBlG‘
Initial value: 0 0 0 0 0 0 0 0

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

Bitt 15 14 13 12 11 10 9 8
‘BAMBlS‘BAMBl4‘BAMBlS‘BAMBl2‘BAMBll‘BAMBlO‘ BAMB9 \ BAMBS \
Initial value: 0 0 0 0 0 0 0 0

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

Bit: 7 6 5 4 3 2 1 0
\ BAMB7 \ BAMB6 \ BAMB5 \ BAMB4 \ BAMB3 \ BAMB2 \ BAMB1 \ BAMBO \
Initial value: 0 0 0 0 0 0 0 0

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

BAMRSB is a 32-hit readable/writable register that specifies bits masked in the break address
specified by BARB. BAMRB isinitialized to H'00000000 by a power-on reset.

BAMB31-16 BAMB15-0
XYE=0 Mask L(l) AB31-16 Mask L(I) AB15-0
XYE=1 Mask XAB15-1 (XYS = 0) Mask YAB15-1 (XYS = 1)
Bits 31-0:
BAMBN Description
0 Break address BABnN of channel B is included in the break condition (Initial value)
1 Break address BABnN of channel B is masked and is not included in the break
condition
n=31-0

Rev. 5.0, 09/03, page 202 of 806
RENESAS



8.2.6 Break Data Register B (BDRB)

Bitt 31 30 29 28 27 26 25 24
\ BDB31 \ BDB30 \ BDB29 \ BDB28 \ BDB27 \ BDB26 \ BDB25 \ BDB24 \
Initial value: 0 0 0 0 0 0 0 0

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

Bitt 23 22 21 20 19 18 17 16
\ BDB23 \ BDB22 \ BDB21 \ BDB20 \ BDB19 \ BDB18 \ BDB17 \ BDB16 \
Initial value: 0 0 0 0 0 0 0 0

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

Bitt 15 14 13 12 11 10 9 8
\ BDB15 \ BDB14 \ BDB13 \ BDB12 \ BDB11 \ BDB10 \ BDB9 \ BDBS \
Initial value: 0 0 0 0 0 0 0 0

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

Bit: 7 6 5 4 3 2 1 0
\ BDB7 \ BDB6 \ BDB5 \ BDB4 \ BDB3 \ BDB2 \ BDB1 \ BDBO \
Initial value: 0 0 0 0 0 0 0 0

BDRB is a 32-bit readable/writable register. The control bits XYE and XY Sin BBRB select adata
bus for break condition B. If XYE is 0, then BDRB specifiesthe break dataon LDB or IDB. If
XYE is1, then BDB31-16 specifiesthe break data on XDB (bits 15-0) and BDB15-0 specifies
the break data on YDB (bits 15-0). However, one of two data buses must be chosen for the break.
BDRB isinitialized to H'00000000 by a power-on reset.

BDB31-16 BDB15-0
XYE =0 L(l) DB31-16 L(l) DB15-0
XYE =1 XDB15-0 (XYS = 0) YDB15-0 (XYS = 1)
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8.2.7 Break Data Mask Register B (BDMRB)

Bitt 31 30 29 28 27 26 25 24
\ BDMB31 \ BDMBBO‘ BDMBZQ‘ BDMBZS‘ BDMB27 \ BDMBZG‘ BDMBZS‘ BDMBZ4‘
Initial value: 0 0 0 0 0 0 0 0

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

Bitt 23 22 21 20 19 18 17 16
\ BDMBZB‘ BDMB22 \ BDMB21 \ BDMBZO‘ BDMB19 \ BDMBlS‘ BDMB17 \ BDMBlG‘
Initial value: 0 0 0 0 0 0 0 0

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

Bitt 15 14 13 12 11 10 9 8
‘BDMBlS‘BDMBl4‘BDMBlS‘BDMBlZ‘BDMBll‘BDMBlO‘ BDMB9 \ BDMBS \
Initial value: 0 0 0 0 0 0 0 0

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

Bit: 7 6 5 4 3 2 1 0
\ BDMB7 \ BDMB6 \ BDMB5 \ BDMB4 \ BDMB3 \ BDMB2 \ BDMB1 \ BDMBO \
Initial value: 0 0 0 0 0 0 0 0

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

BDMRB is a 32-hit readabl e/writable register that specifies bits masked in the break data specified
by BDRB. BDMRB isinitialized to H'00000000 by a power-on reset.

BDMB31-16 BDMB15-0
XYE =0 Mask L(I) DB31-16 Mask L(I) DB15-0
XYE=1 Mask XDB15-0 (XYS = 0) Mask YDB15-0 (XYS = 1)
Bits 31-0:
BDMBnN Description
0 Break data BDBn of channel B is included in the break condition (Initial value)
1 Break data BDBn of channel B is masked and is not included in the break
condition
n =31-0

Notes: 1. Specify an operand size when including the value of the data bus in the break condition.
2. When a byte size is selected as a break condition, the break data must be set in bits
15-8 in BDRB for an even break address and bits 7-0 for an odd break address. Other
bits have no influence on a break condition.
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8.2.8 Break Bus Cycle Register B (BBRB)

Bitt 15 14 13 12 11 10 9 8
= = = = =] = | x| xvs |
Initial value: 0 0 0 0 0 0 0 0
RW: R R R R R R RW  RMW
Bit: 7 6 5 4 3 2 1 0
\ CDB1 \ CDBO \ IDB1 \ IDBO \ RWB1 \ RWBO \ SZB1 \ SZBO \
Initial value: 0 0 0 0 0 0 0 0

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

Break bus cycleregister B (BBRB) is a 16-bit readable/writable register that specifies (1) logic or
internal bus (L or | bus), X bus, or Y bus, (2) CPU cycle or DMAC cycle, (3) instruction fetch or
data access, (4) read/write, and (5) operand size in the break conditions of channel B. BBRB is
initialized to H'0000 by a power-on reset.

Bits 15 to 10—Reserved: These bits are always read as 0. Thewrite value should always be 0.

Bit 9—X/Y Memory BusEnable (XYE): Selectsthelogic or internal bus (L or | bus) or X/Y
memory bus as the bus of the channel B break condition.

Bit 9: XYE Description
0 Internal bus (I bus) selected for the channel B break condition
1 X/Y memory bus (X/Y bus) selected for the channel B break condition

Bit 8—X or Y Memory Bus Select (XYS): Selectsthe X busor the Y bus as the bus of the
channel B break condition.

Bit 8: XYS Description
0 X bus selected for the channel B break condition
1 Y bus selected for the channel B break condition
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Bits 7 and 6—CPU Cycle/DMAC Cycle Select B (CDB1, CDBO0): Select a CPU cycle or
DMAC cycle as the bus cycle of the channel B break condition.

Bit 7: CDB1 Bit 6: CDBO Description

0 0 Condition comparison is not performed (Initial value)
* 1 Break condition is CPU cycle

1 0 Break condition is DMAC cycle

Note: * Don'’t care.

Bits 5 and 4—Instruction Fetch/Data Access Select B (IDB1, IDB0): Select an instruction fetch
cycle or data access cycle as the bus cycle of the channel B break condition.

Bit 5: IDB1 Bit 4: IDBO Description

0 0 Condition comparison is not performed (Initial value)
1 Break condition is instruction fetch cycle

1 0 Break condition is data access cycle
1 Break condition is instruction fetch cycle or data access cycle

Bits 3 and 2—Read/Write Select B (RWB1, RWBO0): Select aread cycle or write cycle as the
bus cycle of the channel B break condition.

Bit 3: RWB1 Bit 2: RWBO Description

0 0 Condition comparison is not performed (Initial value)
1 Break condition is read cycle

1 0 Break condition is write cycle
1 Break condition is read cycle or write cycle

Bits 1 and 0—Operand Size Select B (SZB1, SZBO0): Select the operand size of the bus cycle for

the channel B break condition.

Bit 1: SZB1 Bit 0: SZBO Description

0 0 Break condition does not include operand size (Initial value)
1 Break condition is byte access

1 0 Break condition is word access
1 Break condition is longword access
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8.2.9 Break Control Register (BRCR)

Bit:

Initial value:
R/W:

Bit:

Initial value:
R/W:

Bit:

Initial value:
R/W:

Bit:

Initial value:
R/W:

31 30 29 28 27 26 25 24
(-l -T-T-T[-[-]-]
0 0 0 0 0 0 0 0
23 22 21 20 19 18 17 16
\ — — ‘BASMA‘BASMB‘ — \ — — \ — \
0 0 0 0 0 0 0 0
RW  RW

15 14 13 12 11 10 9 8
‘SCMFCA‘SCMFCB‘SCMFDA‘SCMFDB‘ PCTE \ PCBA \ — \ — \
0 0 0 0 0 0 0 0
RW RW RW RW RW  RW

7 6 5 4 3 2 1 0
\ DBEB \ PCBB \ — \ — \ SEQ \ — — \ ETBE \
0 0 0 0 0 0 0 0
RW  RW RIW RIW

BRCR sets the following conditions:

o ok~ wbdhPE

Use of channels A and B astwo independent channel conditions or as a sequential condition
Break setting before or after instruction execution
Break setting by the number of execution times
Determination of whether to include data bus on channel B in comparison conditions
Enabling of PC trace
Enabling of ASID check

The break control register (BRCR) is a 32-bit readable/writable register that has break condition
match flags and bits for setting a variety of break conditions.

BRCR isinitialized to H'00000000 by a power-on reset.

RENESAS
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Bits 31 to 22—Reserved: These bits are always read as 0. Thewrite value should always be 0.

Bit 21—Break ASID Mask A (BASMA): Specifies whether or not channel A break bits ASID7
to ASIDO (BASA7 to BASAO) set in BASRA are masked.

Bit 21: BASMA Description

0 All BASRA bits are included in break condition, ASID is checked  (Initial value)

1 No BASRA bits are included in break condition, ASID is not checked

Bit 20—Break ASID Mask B (BASM B): Specifies whether or not channel B break bits ASID7
to ASIDO (BASB7 to BASBO) set in BASRB are masked.

Bit 20: BASMB Description

0 All BASRB bits are included in break condition, ASID is checked  (Initial value)

1 No BASRB bits are included in break condition, ASID is not checked

Bits 19 to 16—Reserved: These bits are always read as 0. Thewrite value should always be 0.

Bit 15—CPU Condition Match Flag A (SCMFCA): When the CPU bus cycle condition in the
break conditions set for channel A is satisfied, thisflagis set to 1 (not cleared to 0). In order to
clear thisflag, write 0 to this bit.

Bit 15:

SCMFCA Description

0 CPU cycle condition for channel A is not matched (Initial value)
1 CPU cycle condition for channel A is matched

Bit 14—CPU Condition Match Flag B (SCMFCB): When the CPU bus cycle condition in the
break conditions set for channel B is satisfied, thisflag is set to 1 (not cleared to 0). In order to
clear thisflag, write O to this bit.

Bit 14:

SCMFCB Description

0 CPU cycle condition for channel B is not matched (Initial value)
1 CPU cycle condition for channel B is matched
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Bit 13—DMAC Condition Match Flag A (SCMFDA): When the on-chip DMAC bus cycle
condition in the break conditions set for channel A is satisfied, thisflagis set to 1 (not cleared to
0). In order to clear thisflag, write O to this bit.

Bit 13:

SCMFDA Description

0 DMAC cycle condition for channel A is not matched (Initial value)
1 DMAC cycle condition for channel A is matched

Bit 122—DMAC Condition Match Flag B (SCM FDB): When the on-chip DMAC bus cycle
condition in the break conditions set for channel B is satisfied, thisflag is set to 1 (not cleared to
0). In order to clear thisflag, write 0 to this bit.

Bit 12:

SCMFDB Description

0 DMAC cycle condition for channel B is not matched (Initial value)
1 DMAC cycle condition for channel B is matched

Bit 11—PC Trace Enable (PCTE): EnablesaPC trace.

Bit 11: PCTE Description

0 PC trace disabled (Initial value)
1 PC trace enabled

Bit 10—PC Break Select A (PCBA): Selects the break timing of the instruction fetch cycle for
channel A asbefore or after instruction execution.

Bit 10: PCBA  Description

0 PC break of channel A is set before instruction execution (Initial value)

1 PC break of channel A is set after instruction execution

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

Bit 7—Data Break Enable B (DBEB): Selects whether or not the data bus condition isincluded
in the channel B break condition.

Bit 7: DBEB Description

0 Data bus condition not included in channel B condition (Initial value)

1 Data bus condition included in channel B condition
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Bit 6—PC Break Select B (PCBB): Selectsthe break timing of the instruction fetch cycle for
channel B as before or after instruction execution.

Bit 6: PCBB Description

0 PC break of channel B is set before instruction execution (Initial value)

1 PC break of channel B is set after instruction execution

Bits5 and 4—Reserved: These bits are aways read as 0. The write value should always be 0.

Bit 3—Sequence Condition Select (SEQ): Selectstwo conditions of channels A and B as
independent or sequential.

Bit 3: SEQ Description
0 Channels A and B are compared as independent conditions (Initial value)
1 Channels A and B are compared as a sequential condition

Bits 2 and 1—Reserved: These bits are always read as 0. The write value should always be 0.

Bit 0—Execution Times Break Enable (ETBE): Enables the execution-times break condition on
channel B only. If thishit is 1 (break enabled), a user break isissued when the number of break
conditions matches the number of execution times specified by the BETR register.

Bit 0: ETBE Description

0 Execution-times break condition is masked on channel B (Initial value)

1 Execution-times break condition is enabled on channel B

8.2.10 Break Execution TimesRegister (BETR)

Bit: 15 14 13 12 11 10 9 8
e B e KV A E R
R/W: R R R R R/W R/W R/W R/W
Bit: 7 6 5 4 3 2 1 0
Initial value: ‘ 0 ‘ 0 ‘ 0 ‘ 0 ‘ 0 ‘ 0 ‘ 0 ‘ 0

R/W:  RW R/W R/W R/W R/W R/W R/W R/W
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When the execution-times break condition of channel B is enabled, this register specifies the
number of execution times to make the break. The maximum number is 2'? — 1 times. BETR is
initialized to H'0000 by a power-on reset. When a break condition is satisfied, the BETR valueis
decremented by 1. A break isissued when the break condition is satisfied after the BETR value
reaches H'0001. Bits 15-12 are always read as 0, and 0 should always be written to these bits.

8.211  Branch Source Register (BRSR)

Bit. 31 30 29 28 27 26 25 24
\ SVF \ PID2 \ PID1 \ PIDO \ BSA27 \ BSA26 \ BSA25 \ BSA24 \
Initial value: 0 * * * * * * *
RW: R R R R R R R R
Bit. 23 22 21 20 19 18 17 16
\ BSA23 \ BSA22 \ BSA21 \ BSA20 \ BSA19 \ BSA18 \ BSA17 \ BSA16 \
Initial value: * * * * * * * *
RW: R R R R R R R R
Bit. 15 14 13 12 11 10 9 8
\ BSA15 \ BSA14 \ BSA13 \ BSA12 \ BSA11 \ BSA10 \ BSA9 \ BSAS \
Initial value: * * * * * * * *
RW: R R R R R R R R
Bit. 7 6 5 4 3 2 1 0
\ BSA7 \ BSA6 \ BSA5 \ BSA4 \ BSA3 \ BSA2 \ BSA1 \ BSAO \
Initial value: * * * * * * * *
RW: R R R R R R R R

Note: * Undefined

BRSR isa 32-bit read-only register that stores the last fetched address before a branch and the
pointer (3 bits) which indicates the number of cycles from fetch to execution for the last executed
instruction. BRSR has a flag bit that is set to 1 when a branch occurs. This flag bit is cleared to 0
when BRSR isread, and also isinitialized by a power-on reset or manual reset. Other bits are not
initialized by areset. Four BRSR registers have a queue structure and the stored register is shifted
every branch.
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Bit 31—BRSR Valid Flag (SVF): Indicates whether the address and the pointer that indicates the
branch source address can be calculated. When a branch source addressis fetched, this flag is set
to 1. Thisflagis cleared to O by reading BRSR.

Bit 31: SVF Description

0 BRSR register value is invalid (Initial value)

1 BRSR register value is valid

Bits 30 to 28—I nstruction Decode Pointer (PID2 to PIDOQ): PID isa 3-hit binary pointer (0-7).
These bits indicate the instruction buffer number which stores the last instruction executed before
abranch.

Bits 30 to 28:

PID Description

Even PID indicates the instruction buffer number
Odd PiD+2 indicates the instruction buffer number

Bits 27 to 0—Branch Source Address (BSA27 to BSAQ): These bits store the last address
fetched before a branch.
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8.2.12 Branch Destination Register (BRDR)

Bitt 31 30 29 28 27 26 25 24

\ DVF \ — \ — \ — \ BDA27 \ BDA26 \ BDA25 \ BDA24 \
Initial value: 0 * * * * * * *
RW: R R R R R R R R
Bit. 23 22 21 20 19 18 17 16

\ BDA23 \ BDA22 \ BDA21 \ BDA20 \ BDA19 \ BDA18 \ BDAL7 \ BDAL16 \
Initial value: * * * * * * * *
RW: R R R R R R R R
Bit. 15 14 13 12 11 10 9 8

\ BDA15 \ BDA14 \ BDA13 \ BDA12 \ BDA11 \ BDA10 \ BDA9 \ BDAS \
Initial value: * * * * * * * *
RW: R R R R R R R R
Bitt 7 6 5 4 3 2 1 0

\ BDA7 \ BDA6 \ BDAS \ BDA4 \ BDA3 \ BDA2 \ BDAL \ BDAO \
Initial value: * * * * * * * *
RW: R R R R R R R R

Note: * Undefined

BRDR isa 32-bit read-only register that stores the branch destination fetch address. BRDR has a
flag bit that is set to 1 when a branch occurs. This flag bit is cleared to 0 when BRDR isread, and
isasoinitialized by a power-on reset or manual reset. Other bits are not initialized by areset. Four
BRDR registers have a queue structure, and the stored register is shifted every branch.

Bit 31—BRDR Valid Flag (DVF): Indicates whether a branch destination addressis stored.
When a branch destination addressis fetched, thisflagisset to 1. Thisflagis set to 0 by reading
BRDR.

Bit 31: DVF Description

0 BRDR register value is invalid (Initial value)

1 BRDR register value is valid

Bits 30 to 28—Reserved: These bits are always read as 0. Thewrite value should always be 0.

Bits 27 to 0—Branch Destination Address (BDA27 to BDAOQ): These bits store the first address
fetched after a branch.
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8.2.13 Break ASID Register A (BASRA)

Bit: 7 6 5 4 3 2 1 0
‘BASA?‘ BASA6‘ BASAS‘ BASA4‘ BASA3‘ BASAZ‘ BASAl‘ BASAO‘
Initial value: * * * * * * * *

R/W: R/W R/W R/W R/W R/W R/W R/W R/W
Note: * Undefined

Break ASID register A (BASRA) isan 8-bit readable/writable register that specifiesthe ASID that
serves as the break condition for channel A. It isnot initialized by areset. It islocated in CCN.

Bits 7to 0—Break ASID A7to 0 (BASA7 to BASAOQ): These bits store the ASID (bits 7 to 0)
that is the channel A break condition.

8.2.14 Break ASID Register B (BASRB)

Bit: 7 6 5 4 3 2 1 0
‘BASB?‘ BASB6‘ BASBS‘ BASB4‘ BASB3‘ BASBZ‘ BASBl‘ BASBO‘
Initial value: * * * * * * * *

R/W: R/W R/W R/W R/W R/W R/W R/W R/W
Note: * Undefined

Break ASID register B (BASRB) isan 8-bit readabl e/writable register that specifiesthe ASID that
serves as the break condition for channel B. It isnot initialized by areset. It islocated in CCN.

Bits7to 0—Break ASID A7to 0 (BASB7 to BASBO): These bits store the ASID (bits 7 to 0)
that is the channel B break condition.
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8.3 Operation Description

831 Flow of the User Break Operation
The flow from setting of break conditions to user break exception processing is described below:

1. The break addresses and the corresponding ASIDs are loaded in the break address registers
(BARA and BARB) and break ASID registers (BASRA and BASRB in CCN). The masked
addresses are set in the break address mask registers (BAMRA and BAMRB). The break data
isset in the break data register (BDRB). The masked datais set in the break data mask register
(BDMRB). The breaking bus conditions are set in the break bus cycle registers (BBRA and
BBRB). Three groups of the BBRA and BBRB (CPU cycle/DMAC cycle select, instruction
fetch/data access select, and read/write select) are each set. No user break will be generated if
even one of these groups s set with 00. The respective conditions are set in the bits of BRCR.

2. When the break conditions are satisfied, the UBC sends a user break request to the interrupt
controller. The break type will be sent to the CPU indicating instruction fetch, pre/post
instruction break, data access break, or on-chip 1/0 access/LDTLB break. When conditions
match, the CPU condition match flags (SCMFCA and SCMFCB) and DMAC condition match
flags (SCMFDA and SCMFDB) for the respective channels are set.

3. The appropriate condition match flags (SCMFCA, SCMFDA, SCMFCB, and SCMFDB) can
be used to check if the set conditions match or not. The matching of the conditions sets flags,
but they are not reset. 0 must first be written to them before they can be used again.

4. Thereisachance that a data access break and its following instruction fetch break will occur
around the same time; there will be only one break request to the CPU, but these two break
channel match flags could be both set.

8.3.2 Break on Instruction Fetch Cycle

1. When CPU/instruction fetch/read/word or longword is set in the break bus cycle registers
(BBRA/BBRB), the break condition becomes the CPU instruction fetch cycle. Whether it then
breaks before or after execution of the instruction can then be selected with the PCBA/PCBB
bitsin the break control register (BRCR) for the appropriate channel.

2. Aninstruction set for a bresk before execution bresks 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 dot of adelay branch instruction, the
break is generated prior to execution of the instruction that then first accepts the break.
Meanwhile, breaks set for pre-instruction-break on adelay dot instruction and post-
instruction-break on a SLEEP instruction are aso prohibited.
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3. When the condition is specified to occur after execution, the instruction set with the break
condition is executed and then the break is generated prior to the execution of the next
instruction. As with pre-execution breaks, this cannot be used with overrun fetch instructions.
When thiskind of break is set for a delay branch instruction, the break is generated at the
instruction that then first accepts the break.

4. When an instruction fetch cycleis set for channel B, break data register B (BDRB) isignored.
There isthus no need to set break data for an instruction fetch cycle break.

8.3.3 Break by Data Access Cycle

1. The memory cycle in which a CPU data access break occurs depend on the instruction.

2. Therelationship between the data access cycle address and the comparison condition for
operand sizeis shown in table 8.2:

Table8.2 Data Access Cycle Addressesand Operand Size Comparison Conditions

Access Size Address Compared

Longword Compares break address register bits 31-2 to address bus bits 31-2
Word Compares break address register bits 31-1 to address bus bits 31-1
Byte Compares break address register bits 31-0 to address bus bits 31-0

This means that when address H'00001003 is set without specifying the size condition, for
example, the bus cycle in which the break condition is satisfied is as follows (where other
conditions are met).

Longword access at H'00001000

Word access at H'00001002

Byte access at H'00001003

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

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

4. When the DMAC data access is included in the break condition:

When the addressis included in the break condition on DMAC data access, the operand size of
the break bus cycle registers (BBRA and BBRB) should be byte, word, or no specified operand
size. When the data value isincluded, select either byte or word.
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834 Break on X/Y-Memory Bus Cycle

1. The break condition on an X/Y -memory bus cycleis specified only in channel B. If XYE in
BBRB isset to 1, break address and break data on the X/Y-memory bus are selected. At this
time, select the X-memory bus or Y-memory bus by specifying XY Sin BBRB. The break
condition cannot include both X-memory and Y -memory at the same time. The break
condition is applied to X/Y-memory bus cycles by specifying CPU/data access/read or
write/word or no specified operand size in the break bus cycle register B (BBRB).

2. When X-memory addressis selected as the break condition, specify the X-memory addressin
the upper 16 bits of BARB and BAMRB. When Y-memory addressis selected, specify the Y-
memory address in the lower 16 bits. Specification of X/Y-memory datais the same for BDRB
and BDMRB.

8.35 Sequential Break

1. When SEQin BRCR isset to 1, the sequential break is issued when the channel B break
condition matches after the channel A break condition matches. A user break isignored even if
the channel B break condition matches before the channel A break condition matches. When
channel A and B conditions match at the same time, a sequential break is not issued.

2. Insequential break specification, the internal/X/Y bus can be selected and the execution times
break condition can be a so specified. For example, when the execution times break condition
is specified, the break condition is satisfied by a channel B condition match with BETR =
H'0001 after a channel A condition match.

8.3.6 Value of Saved Program Counter

When a break occurs, PC is saved to SPC in user breaks but saved to afixed address
(H'FD00000Q0) in the ASE space in an ASE break. The PC value saved is as follows depending on
the type of break.

1. When instruction fetch (before instruction execution) is specified as a break condition:
The value of the program counter (PC) saved is the address of the instruction that matches the
break condition. The fetched instruction is not executed, and a break occurs before it.

2. Wheningtruction fetch (after instruction execution) is specified as a break condition:
The PC value saved is the address of the instruction to be executed following the instruction in
which the break condition matches. The fetched instruction is executed, and a break occurs
before execution of the next instruction.

3. When data access (address only) is specified as a break condition:
The PC value is the address of the instruction to be executed following the instruction that
matched the break condition. The instruction that matched the condition is executed and the
break occurs before the next instruction is executed.
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4. When data access (address + data) is specified as a break condition:

The PC value isthe start address of the instruction that follows the instruction already executed
when break processing started. When a data value is added to the break conditions, the place
where the break will occur cannot be specified exactly. The break will occur before the
execution of an instruction fetched in the vicinity of the data access where the break occurred.

8.3.7 PC Trace

1. A PCtraceisstarted by setting the PC trace enable bit (PCTE) to 1 in BRCR. When a branch
(branch instruction, repeat, interrupt) occurs, an address that enables the branch source address
to be calculated and the branch destination address are stored in the branch source register
(BRSR) and branch destination register (BRDR). The branch destination instruction fetch
addressis stored in BRDR, while the last instruction fetch address before the branch is stored
in BRSR. The branch flag register (BRFR) holds a pointer that indicates the relationship to the
instruction executed immediately before the branch.

2. Theaddress of the instruction executed immediately before the branch can be calculated from
the address stored in BRSR and the pointer stored in BRFR. If the address stored in BRSR is
BSA, the pointer stored in BRFR is PID, and the address prior to the branch is 1A, then |A =
BSA -2 x PID.

With this equation, caution isrequired in the case where an interrupt (branch) is executed
before the branch destination instruction is executed. In the example in figure 8.2, the address
of instruction “Exec” executed immediately before the branch is cal culated using the equation
IA =BSA -2 x PID. However, if branch “branch” has a delay slot and the branch destination
isaddress 4n + 2, branch destination address “ Dest” specified by the branch instruction is
stored in BRSR. Therefore, the equation |A = BSA — 2 x PID does not apply in this case, and
thisPID isinvalid. In this case only, BSA isat the 4n + 2 boundary, classified as shownin
table 8.3.

Exec:  branch Dest

Dest: instr; Not executed
Interrupt
Int: interrupt routine

Figure8.2 When Interrupt Occursbefore Branch Instruction |'s Executed
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Table8.3 BSA Values Stored in Exception Handling befor e Execution of Branch
Destination Instruction

Branch Destination Branch Source Address Calculable
Branch (Dest) BSA by Means of BRSR and BRFR
Delay 4n 4n Exec =IA=BSA -2 x PID

4n + 2 4n + 2 Dest = BSA
No delay 4dnor4n+2 4n Exec =IA=BSA -2 x PID

If PID isan odd number, the value incremented by 2 indicates the instruction buffer, but the
equationsin the table do not take this into account. Therefore, the calculation can be performed
using the values of BSA stored in BRSR and PID stored in BRFR.

3. Thelocationindicated by 1A, the address prior to the branch, depends on the type of branch.
a. Branch instruction: Branch instruction address
b. Repeat loop: Second-before-last instruction of the repeat loop

Repeat _Start: inst (1) je---- >BRDR

inst (2) ;

inst (n-1) ;----- >Address calculated from BRSR and BRFR
Repeat End: inst (n) ;

c. Interrupt: Instruction executed immediately before the interrupt
The start address of the interrupt routine is stored in BRDR.

In arepeat loop consisting of no more than three instructions, an instruction fetch cycle is not
generated. A PC trace isinvalid, since the branch destination address is unknown.

4. BRSR, BRDR, and BRFR have afour-queue structure. When reading addresses stored in a PC
trace, reads are performed from the head of the queue. BRFR, BRSR, and BRDR areread in
that order. After BRDR isread, the queue shifts by one. BRSR and BRDR should be read by
longword access. Also, the PC trace has a trace pointer, which initially points to the bottom of
the queues. Thefirst pair of branch addresses will be stored at the bottom of the queues, then
push up when next pairs come into the queues. The trace pointer will points to the next branch
address to be executed, unlessit got push out of the queues. When the branch address has been
executed, the trace pointer will shift down to next pair of addresses, until it reaches the bottom
of the queues. After switching the PCTE bit (in BRCR) off and on, the valuesin the queues are
invalid. The read pointer stay at the position before PCTE is switched, but the trace pointer
restart at the bottom of the queues.
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8.3.8 Examples of Use
Break Condition Specified for CPU Instruction Fetch Cycle

1. Register specifications
BARA = H'00000404, BAMRA = H'00000000, BBRA = H'0054, BARB = H'00008010,
BAMRB = H'00000006, BBRB = H'0054, BDRB = H'00000000, BDMRB = H'00000000,
BRCR = H'00300400

Specified conditions: Channel A/channel B independent mode
e Channe A
Address:  H'00000404, Address mask: H'00000000

Buscycle: CPU/instruction fetch (after instruction execution)/read (operand size is not
included in the condition)

No ASID check isincluded

+ Channel B
Address;  H'00008010, Address mask: H'00000006
Data H'00000000, Data mask: H'00000000

Buscycle: CPU/instruction fetch (before instruction execution)/read (operand size is not
included in the condition)

No ASID check isincluded

A user break occurs after the instruction at address H'00000404 is executed or before
instructions at addresses H'00008010 to H'00008016 are executed.

2. Register specifications
BARA = H'00037226, BAMRA = H'00000000, BBRA = H'0056, BARB = H'0003722E,
BAMRB = H'00000000, BBRB = H'0056, BDRB = H'00000000, BDMRB = H'00000000,
BRCR = H'00000008, BASRA = H'80, BASRB = H'70

Specified conditions: Channel A/channel B sequential mode
e Channel A
Address:  H'00037226, Address mask: H'00000000, ASID = H'80
Buscycle: CPU/instruction fetch (before instruction execution)/read/word
e Channel B
Address:  H'0003722E, Address mask: H'00000000, ASID = H'70
Data H'00000000, Data mask: H'00000000
Buscycle: CPU/instruction fetch (before instruction execution)/read/word

The instruction with ASID = H'80 and address H'00037226 is executed, and a user break
occurs before the instruction with ASID = H'70 and address H'0003722E is executed.
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3. Register specifications
BARA = H'00027128, BAMRA = H'00000000, BBRA = H'005A, BARB = H'00031415,

BAMRB = H'00000000, BBRB = H'0054, BDRB = H'00000000, BDMRB = H'00000000,
BRCR = H'00300000

Specified conditions: Channel A/channel B independent mode

e Channe A
Address.  H'00027128, Address mask: H'00000000
Buscycle: CPU/instruction fetch (before instruction execution)/write/word
No ASID check isincluded

* Channel B
Address:  H'00031415, Address mask: H'00000000
Data: H'00000000, Data mask: H'00000000

Buscycle: CPU/instruction fetch (before instruction execution)/read (operand size is not
included in the condition)

No ASID check isincluded

On channel A, no user break occurs since an instruction fetch is not a write cycle. On channel
B, no user break occurs since an instruction fetch is performed for an even address.

4. Register specifications
BARA = H'00037226, BAMRA = H'00000000, BBRA = H'005A, BARB = H'0003722E,
BAMRB = H'00000000, BBRB = H'0056, BDRB = H'00000000, BDMRB = H'00000000,
BRCR = H'00000008, BASRA = H'80, BASRB = H'70

Specified conditions: Channel A/channel B sequential mode
+ Channel A
Address.  H'00037226, Address mask: H'00000000, ASID: H'80
Buscycle: CPU/instruction fetch (before instruction execution)/write/word
e Channel B
Address.  H'0003722E, Address mask: H'00000000, ASID: H'70
Data: H'00000000, Data mask: H'00000000
Buscycle: CPU/instruction fetch (before instruction execution)/read/word

Since the instruction fetch is not awrite cycle on channel A, asequential condition is not
matched. Therefore, no user break occurs.
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5. Register specifications
BARA = H'00000500, BAMRA = H'00000000, BBRA = H'0057, BARB = H'00001000,
BAMRB = H'00000000, BBRB = H'0057, BDRB = H'00000000, BDMRB = H'00000000,
BRCR = H'00300001, BETR = H'0005

Specified conditions: Channel A/channel B independent mode
e Channe A
Address.  H'00000500, Address mask: H'00000000
Buscycle: CPU/instruction fetch (before instruction execution)/read/longword
+ Channel B
Address.  H'00001000, Address mask: H'00000000
Data: H'00000000, Data mask: H'00000000
Buscycle: CPU/instruction fetch (before instruction execution)/read/longword
Execution-times break enabled (5 times)

On channel A, auser break occurs before the instruction at address H'00000500 is executed.
On channel B, a user break occurs before the fifth instruction execution after the instruction at
address H'00001000 has been executed four times.

6. Register specifications
BARA = H'00008404, BAMRA = H'00000FFF, BBRA = H'0054, BARB = H'00008010,
BAMRB = H'00000006, BBRB = H'0054, BDRB = H'00000000, BDMRB = H'00000000,
BRCR = H'00000400, BASRA = H'80, BASRB = H'70

Specified conditions: Channel A/channel B independent mode
e Channd A
Address:  H'00008404, Address mask: H'00000FFF, ASID: H'80

Buscycle: CPU/instruction fetch (after instruction execution)/read (operand size is not
included in the condition)

e Channel B
Address;  H'00008010, Address mask: H'00000006, ASID: H'70
Data: H'00000000, Data mask: H'00000000

Buscycle: CPU/instruction fetch (before instruction execution)/read (operand size is not
included in the condition)

A user break occurs after an instruction with ASID = H'80 and address H'00008000 to
H'00008FFE is executed or before instructions with ASID = H'70 and addresses H'00008010
to H'00008016 are executed.
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Break Condition Specified for CPU Data Access Cycle

1. Register specifications
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'00000080, BASRA = H'80, BASRB = H'70

Specified conditions: Channel A/channel B independent mode
e Channe A

Address:  H'00123456, Address mask: H'00000000, ASID: H'80

Buscycle: CPU/data access/read (operand size is not included in the condition)
+ Channel B

Address.  H'000ABCDE, Address mask: H'000000FF, ASID: H'70

Data: H'0000A512, Data mask: H'00000000

Buscycle: CPU/data access/write/word

On channel A, auser break occurs with ASID = H'80 during longword read to address
H'00123454, word read to address H'00123456, or byte read to address H'00123456. On
channel B, a user break occurs with ASID = H'70 when word H'A512 is written in addresses
H'000ABCOQ0 to H'000ABCFE.

2. Register specifications:
BARA = H'01000000, BAMRA = H'00000000, BBRA = H'0066, BARB = H'0000F000,
BAMRB = H'FFFF0000, BBRB = H'036A, BDRB = H'00004567, BDMRB = H'00000000,
BRCR = H'00300080

Specified conditions: Channel A/channel B independent mode
+ Channel A
Address.  H'01000000, Address mask: H'00000000
Buscyclee CPU/data access/read/word
No ASID check isincluded
+ Channel B
Y Address: H'0001FO000, Address mask: H'FFFFO000
Data: H'00004567, Data mask: H'00000000
Buscycle: CPU/data access/write/word
No ASID check isincluded

On channel A, auser break occurs during word read to address H'01000000 in the memory
space. On channel B, a user break occurs when word H'4567 is written in address H'0001F000
in’Y memory space. X/Y-memory space is changed by a mode specification.
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Break Condition Specified for DM AC Data Access Cycle

1. Register specifications:
BARA = H'00314156, BAMRA = H'00000000, BBRA = H'0094, BARB = H'00055555,

BAMRB = H'00000000, BBRB = H'00A9, BDRB = H'00000078, BDMRB = H'0000000F,
BRCR = H'00000080, BASRA = H'80, BASRB = H'70

Specified conditions: Channel A/channel B independent mode
e Channe A

Address:  H'00314156, Address mask: H'00000000, ASID: H'80

Buscycle: DMAC/instruction fetch/read (operand size is not included in the condition)
+ Channel B

Address.  H'00055555, Address mask: H'00000000, ASID: H'70

Data: H'00000078, Data mask: H'0000000F

Buscyclee DMAC/data access/write/byte

On channel A, no user break occurs since an instruction fetch is not performed in DMAC
cycles. On channel B, a user break occurs with ASID = H'70 when the DMAC writes byte
H'7* in address H'00055555.
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8.3.9 Notes

1. Only the CPU can read/writeto UBC registers.

2. The UBC cannot monitor CPU and DMAC accessin the same channel.

3. Noteson the specification of a sequential break are given below:

a. A condition match occurs when a channel B match occurs in abus cycle after a channel A
match occursin another bus cyclein sequential break setting. Therefore, no condition
match occursif abus cyclein which achannel A match and a channel B match occur
simultaneoudly is set.

b. Sincethe CPU has a pipeline configuration, the pipeline determines the order of an
instruction fetch cycle and amemory cycle. Therefore, when a channel condition matches
in the order of bus cycles, a sequential condition is satisfied.

¢. When the bus cycle condition for channel A is specified as a break before execution
(PCBA =0in BRCR) and an instruction fetch cycle (in BBRA), the following point must
be noted. A break isissued, and condition match flagsin BRCR are set to 1, when the bus
cycle conditions both for channels A and B match simultaneously.

4. The change of aUBC register value is executed in the MA (memory access) stage. Therefore,
even if the break condition matches in the instruction fetch address following the instruction in
which pre-execution break is specified as the break condition, no break occurs. In order to
ascertain the timing of a UBC register is change, read the last register written to. Instructions
after then are valid for the newly written register value.

5. Note the following when specifying an instruction in repeat execution, including a repeat
instruction, as the break condition: When an instruction in arepeat loop is specified asthe
break condition,

a. A break isnot issued during execution of arepeat loop with fewer than three instructions.

b. When an execution-times break is set, no instruction fetch from memory occurs during
execution of arepeat |oop with fewer than three instructions. Therefore, the value in the
execution times register, BETR, is not decremented.

6. The branch instruction should not be executed as soon as PC trace registers BRSR and BRDR
areread.

7. If aPC break and a TLB exception or error occur in the same instruction, the priority isas
follows:

a. Break and instruction fetch exceptions: Instruction fetch exception occursfirst.
b. Break before execution and operand exception: Break before execution occurs first.
c. Break after execution and operand exception: Operand exception occursfirst.
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Section9 Power-Down Modes

9.1 Overview

In the power-down modes, all CPU and some on-chip peripheral module functions are halted. This
lowers power consumption.

911 Power-Down Modes
The SH7729R has the following power-down modes and function:

1. Sleep mode
2. Standby mode

3. Module standby function (TMU, RTC, SCI, X/Y memory, UBC, DMAC, DAC, ADC, SCIF,
and IrDA on-chip peripheral modules)

4. Hardware standby mode

Table 9.1 shows the transition conditions for entering the modes from the program execution state,
as well asthe CPU and peripheral module states in each mode and the procedures for canceling
each mode.
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Table9.1

Power-Down M odes

State
CPU On-Chip

Transition Reg- On-Chip Peripheral External Canceling
Mode Conditions CPG CPU ister Memory Modules Pins Memory Procedure
Sleep Execute SLEEP Runs Halts Held Held Run Held Refresh 1.Interrupt
mode instruction with (Reg- 2 Reset

STBY bit cleared ister: '

to 0in STBCR held)
Standby Execute SLEEP Halts Halts Held Held Halt™* Held Self- 1. Interrupt
mode |nstruct|9n with (Reg— refresh > Reset

STBY bit set to ister:

1in STBCR held)
Module Set MSTP bitto Runs Runs Held Held Specified *2 Refresh  1.Clear MSTP
standby 1in STBCR or halts module bitto O
function halts > Reset
Hardware Drive CA pinlow Halts Halts Held Held Halt™® Held Self- Power-on
standby refresh reset
mode
Notes: 1. The RTC still runs if the START bit in RCR2 is set to 1 (see section 14, Realtime Clock
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(RTC)). The TMU still runs when output of the RTC is used as input to its counter (see
section 13, Timer (TMU)).

Depends on the on-chip peripheral module.

TMU external pin: Held
SCI external pin: Reset

The RTC still runs if the START bit in RCR2 is setto 1. The TMU does not run.
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9.1.2 Pin Configuration
Table 9.2 lists the pins used for the power-down modes.

Table9.2 Pin Configuration

Pin Name Symbol 110 Description

Processing state 1 ~ STATUSL1 0 Operating state of the processor.

Processing state 0 STATUSO HH: Reset, HL: Sleep mode, LH: Standby mode,
LL: Normal operation

Wakeup from WAKEUP (0] Active-low assertion after accepting wakeup interrupt
standby mode in standby mode until returning to normal operation
with WDT overflow

Note: H: high level; L: low level

9.1.3 Register Configuration
Table 9.3 shows the control register configuration for the power-down modes.

Table9.3 Register Configuration

Name Abbreviation R/W Initial Value Access Size Address
Standby control register STBCR RW  H'00 Byte H'FFFFFF82
Standby control register 2~ STBCR2 RW  H'00 Byte H'FFFFFF88

Note: * Initialized by a power-on reset. This value is not initialized by a manual reset; the current
value is retained.

9.2 Register Descriptions

9.21 Standby Control Register (STBCR)

The standby control register (STBCR) is an 8-bit readable/writable register that sets the power-
down mode. STBCRisinitialized to H'00 by a power-on reset. Always set bits 6-3 to 0 when
writing to the STBCR register.

Bit. 7 6 5 4 3 2 1 0
\ STBY \ — \ — ‘STBXTL‘ — \ MSTP2 \ MSTP1 \ MSTPO \
Initial value: 0 0 0 0 0 0 0 0
RW: RMW R R RIW R RW  RW  RW
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Bit 7—Standby (STBY): Specifiestransition to standby mode.

Bit 7: STBY Description

0 Executing SLEEP instruction puts chip into sleep mode (Initial
value)

1 Executing SLEEP instruction puts chip into standby mode

Bits 6, 5, and 3—Reserved: These bits are always read as 0. The write value should always be 0.

Bit 4—Standby Crystal (STBXTL): Specifies halting or operating of the clock pulse generator
in standby mode.

Bit 4: STBXTL Description
0 Clock pulse generator is halted in standby mode
1 Clock pulse generator is operates in standby mode

Bit 2—M odule Standby 2 (M STP2): Specifies halting of the clock supply to the timer unit TMU
(an on-chip peripheral module). When the MSTP2 it is set to 1, the supply of the clock to the
TMU is halted.

Bit 2: MSTP2 Description
0 TMU runs (Initial value)
1 Clock supply to TMU is halted

Bit 1—Module Standby 1 (M STP1): Specifies halting of the clock supply to the realtime clock
RTC (an on-chip peripheral module). When the MSTP1 bit is set to 1, the supply of the clock to
the RTC is halted. When the clock halts, all RTC registers become inaccessible, but the counter
keeps running.

Bit 1: MSTP1 Description
0 RTC runs (Initial value)
1 Clock supply to RTC is halted

Before switching the RTC to module standby, access at |east one among the registers RTC, SCI,
and TMU.

Bit 0—M odule Standby 0 (M STPO0): Specifies halting of the clock supply to the serial
communication interface SCI (an on-chip peripheral module). When the MSTPO bit is set to 1, the
supply of the clock to the SCI is halted.
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Bit 0: MSTPO Description
0 SCI operates (Initial value)
1 Clock supply to SCl is halted

9.2.2 Standby Control Register 2 (STBCR2)

The standby control register 2 (STBCR?2) is areadable/writable 8-bit register that sets the power-
down mode. STBCR2 isinitialized to H'00 by a power-on reset.

Bit: 7 6 5 4 3 2 1 0
\ MSTP9 ‘MDCHG‘ MSTP8 \ MSTP7 \ MSTP6 \ MSTP5 \ MSTP4 \ MSTP3 \
Initial value: 0 0 0 0 0 0 0 0

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

Bit 7—M odule Stop 9 (M STP9): Specifies halting of the clock supply to the X/Y memory (an
on-chip peripheral module). When the MSTP9 bit is set to 1, the supply of the clock to the
memory is halted.

Bit 7: MSTP9 Description
0 X/Y memory runs (Initial value)
1 Clock supply to X/Y memory halted

Bit 6—Pin MD5 to M DO Control (MDCHG): Specifies whether or not pins MD5 to MDO are
changed in standby mode. When this bit is set to 1, the MD5 to MDO pin values are latched when
returning from standby mode by means of areset or interrupt.

Bit 6: MDCHG Description
0 Pins MD5 to MDO are not changed in standby mode (Initial value)
1 Pins MD5 to MDO are changed in standby mode

Bit 5— Module Stop 8 (M STP8): Specifies halting of the clock supply to the user break
controller UBC (an on-chip peripheral module). When the MSTP8 bit is set to 1, the supply of the
clock to the UBC is halted.

Bit 5: MSTP8 Description
0 UBC runs (Initial value)
1 Clock supply to UBC is halted
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Bit 4—Module Stop 7 (M STP7): Specifies halting of the clock supply to the DMAC (an on-chip
peripheral module). When the MSTP7 bit is set to 1, the supply of the clock to the DMAC is
halted.

Bit 4: MSTP7 Description
0 DMAC runs (Initial value)
1 Clock supply to DMAC halted

Bit 3—Module Stop 6 (M STP6): Specifies halting of the clock supply to the DAC (an on-chip
peripheral module). When the MSTP6 bit is set to 1, the supply of the clock to the DAC is halted.

Bit 3: MSTP6 Description
0 DAC runs (Initial value)
1 Clock supply to DAC halted

Bit 2—Module Stop 5 (M STP5): Specifies halting of the clock supply to the ADC (an on-chip
peripheral module). When the MSTP5 hit is set to 1, the supply of the clock to the ADC is halted
and all registers areinitialized.

Bit 2: MSTP5 Description
0 ADC runs (Initial value)
1 Clock supply to ADC halted and all registers initialized

Bit 1—Module Stop 4 (M STP4): Specifies halting of the clock supply to the SCI2 (SCIF) seria
communication interface with FIFO (an on-chip peripheral module). When the MSTP1 bit is set to
1, the supply of the clock to SCI2 (SCIF) is halted.

Bit 1: MSTP4 Description
0 SCI2 (SCIF) runs (Initial value)
1 Clock supply to SCI2 (SCIF) halted

Bit 0—M odule Stop 3 (M STP3): Specifies halting of the clock supply to the SCI1 (IrDA)
Infrared Data Association interface with FIFO (an on-chip peripheral module). When the MSTP1
bit is set to 1, the supply of the clock to SCI1 (IrDA) is halted.

Bit 0: MSTP3 Description
0 SCI1(IrDA) runs (Initial value)
1 Clock supply to SCI1(IrDA) halted
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9.3 Sleep Mode

931 Transition to Sleep Mode

Executing the SLEEP instruction when the STBY bit in STBCR is 0 causes a transition from the
program execution state to sleep mode. Although the CPU haltsimmediately after executing the
SLEEP instruction, the contents of itsinternal registers remain unchanged. The on-chip periphera
modules continue to run in sleep mode and the clock continues to be output to the CKI10 and
CKI10O2 pins. In sleep mode, the STATUSI pinis set high and the STATUSO pin low.

DMAC transfers should not be performed in the sleep mode under conditions other than when the
clock ratio of 1¢ (on-chip clock) to Bg (bus clock) is1:1.

9.3.2 Canceling Sleep Mode

Sleep mode is canceled by an interrupt (NMI, IRQ, IRL, on-chip peripheral module, PINT) or
reset. Interrupts are accepted in sleep mode even when the BL bit in the SR register is 1. If
necessary, save SPC and SSR to the stack before executing the SL EEP instruction.

Canceling with an Interrupt: When an NMI, IRQ, IRL or on-chip peripheral module interrupt
occurs, sleep mode is canceled and interrupt exception handling is executed. A codeindicating the
interrupt sourceisset inthe INTEVT and INTEV T2 registers.

Canceling with a Reset: Sleep mode is canceled by a power-on reset or a manual reset.
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94 Standby Mode

94.1 Transition to Standby Mode

To enter standby mode, set the STBY bit to 1 in STBCR, then execute the SLEEP instruction. The
chip switches from the program execution state to standby mode. In standby mode, power
consumption is greatly reduced by halting not only the CPU, but the clock and on-chip peripheral
modules as well. The clock output from the CK10O and CKIO2 pins also halts. CPU and cache
register contents are held, but some on-chip peripheral modules are initialized. Table 9.4 lists the
states of registersin standby mode.

Table9.4 Register Statesin Standby M ode

Module Registers Initialized Registers Retaining Data
Interrupt controller — All registers

On-chip clock pulse generator — All registers

User break controller (UBC) — All registers

Bus state controller (BSC) — All registers

Timer unit (TMU) TSTR register Registers other than TSTR
Realtime clock (RTC) — All registers

A/D converter (ADC) All registers —

D/A converter (DAC) — All registers

The procedure for moving to standby mode is as follows:

1. Clear the TME bit in the WDT’stimer control register (WTCSR) to O to stop the WDT. Set the
WDT’stimer counter (WTCNT) and the CKS2—-CK S0 bitsin the WTCSR register to
appropriate values to secure the specified oscillation settling time.

2. After the STBY bitinthe STBCR register is set to 1, a SLEEP instruction is executed.

3. Standby mode is entered and the clocks within the chip are halted. The STATUSL pin output
goes low and the STATUSO pin output goes high.
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9.4.2 Canceling Standby M ode

Standby mode is canceled by aninterrupt (NMI, IRQ, IRL, PINT, or on-chip peripheral module)
or areset.

Canceling with an Interrupt: The on-chip WDT can be used for hot starts. When the chip detects
anNMI, IRL, IRQ, PINT*?, or on-chip peripheral module (except interval timer)*? interrupt, the
clock will be supplied to the entire chip and standby mode canceled after the time set in the
WDT’stimer control/status register has elapsed. The STATUSL and STATUSO pins both go low.
Interrupt handling then begins and a code indicating the interrupt sourceis set inthe INTEVT and
INTEVT2 registers. After the branch to the interrupt handling routine, clear the STBY bit in the
STBCR register. WTCNT stops automatically. If the STBY bit isnot cleared, WTCNT continues
operation and a transition is made to standby mode”*® when it reaches H'80. This function prevents
the data from being destroyed due to arise in voltage with an unstable power supply, etc.
Interrupts are accepted in standby mode even when the BL bit in the SR register is 1. If necessary,
save SPC and SSR to the stack before executing the SLEEP instruction. Immediately after an
interrupt is detected, the phase of the CK10 pin clock output may be unstable, until the processor
starts interrupt handling. (The canceling condition is that the IRL3-IRLO level is higher than the
mask level in the I3-10 bitsin the SR register.)

Notes: 1. Whenthe RTC isbeing used, standby mode can be canceled using IRL3-IRLO, IRQ4—
IRQO, or PINTO/1.

2. Standby mode can be canceled with an RTC or TMU (only when running onthe RTC
clock) interrupt.

3. Thisstandby mode can be canceled only by a power-on reset.

Interrupt WDT overflow and branch to
request interrupt handling routine
Crystal oscillator settling Clear bit STBCR.STBY before
time and PLL synchronization WTCNT reaches H'80. When
time STBCR.STBY is cleared, WTCNT
WTCNT value \ 4 halts automatically.
A < > —
HFF F--------------"---"---"---"--~-~--~------
H80 fF--------------"---"-"----

» Time

Figure9.1 Canceling Standby Mode with STBCR.STBY
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Canceling with a Reset: Standby mode is canceled by areset (power-on or manual). Keep the

RESET pin low until the clock oscillation settles. The internal clock will continue to be output to
the CKI10 and CKI0O2 pins.

9.4.3 Clock Pause Function

In standby mode, the clock input from the EXTAL pin or CKIO pin can be halted and the
frequency can be changed. This function isused as follows:

1
2.

Enter standby mode using the appropriate procedures.

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

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

When the frequency is changed, an NMI, IRL, IRQ, PINT, or on-chip peripheral module
(except interval timer) interrupt isinput after the change. When the clock is stopped, the same
interrupts are input after the clock is applied.

After the time set in the WDT has elapsed, the clock starts being applied internally within the
chip, the STATUSL and STATUSO pins both go low, and operation resumes from interrupt
exception handling.
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9.5 Module Standby Function

951 Transition to M odule Standby Function

Setting the standby control register MSTP9-M STPO bitsto 1 halts the supply of clocksto the
corresponding on-chip peripheral modules. This function can be used to reduce the power
consumption in sleep mode. The module standby function holds the state prior to halting the
external pins of the on-chip peripheral modules. TMU external pins hold their state prior to the
halt. SCI external pins go to the reset state. With afew exceptions, all registers hold their values.

Bit Value Description
MSTP9 0 X/Y memory runs
1 Supply of clock to X/Y memory halted
MSTPS8 0 UBC runs
1 Supply of clock to UBC halted
MSTP7 0 DMAC runs
1 Supply of clock to DMAC halted
MSTP6 0 DAC runs
1 Supply of clock to DAC halted
MSTP5 0 ADC runs
1 Supply of clock to ADC halted, and all registers initialized
MSTP4 0 SCIF runs
1 Supply of clock to SCIF halted
MSTP3 0 IrDA runs
1 Supply of clock to IrDA halted
MSTP2 0 TMU runs
1 Supply of clock to TMU halted. Registers initialized™*
MSTP1 0 RTC runs
1 Supply of clock to RTC halted. Register access prohibited****
MSTPO 0 SCI runs
1 Supply of clock to SCI halted

Notes: 1. The registers initialized are the same as in standby mode (see table 9.4).
2. The counter runs.

3. Before putting the RTC into module standby status, first access one or more of the
RTC, SCI, and TMU registers. The RTC may then be put into module standby status.

9.5.2 Clearing M odule Standby Function

The module standby function can be cleared by clearing the MSTP9-MSTPO bitsto 0, or by a
power-on reset or manual reset.
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9.6 Timing of STATUS Pin Changes

Thetiming of STATUSL and STATUSO pin changesis shown in figures 9.1 to 9.8.

9.6.1 Timing for Resets

Power-On Reset

CKIO, CKIO2™4 S§ SS

— » | |
'PLL settling } }
I time | |

RESETP ! | }
| | |
1 ! 1 i
| | |

STATUS Normal*2 ! ! Reset™! Normal*2
. A

|
o | |
RESETOUT ; | 1 —
—» < 4
0 to 5 Beyc™ 0 to 30 Beyc™

Notes: 1. Reset: HH (STATUS1 high, STATUSO high)
2. Normal: LL (STATUS1 low, STATUSO low)
3. Becyc:  Bus clock cycle
4. CKIO2 output can only be used in clock modes 0, 1, and 2.

Figure9.2 Power-On Reset (Clock ModesO, 1, 2, and 7) STATUS Output
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M anual Reset

cKio, cKi02°s 1L L LN L L r L LT LT

| | | |
RESETM i l i
} } } \
. | |
STATUS Normal*3 ‘ ‘ | Reset*2 ‘ Normal*3
— A A
- | |
Il | ‘
RESETOUT } ! } |
-~ - -
0 Beyc or more™! *4 0 to 30 Beyc™

Notes: 1. In a manual reset, STATUS becomes HH (reset) and the internal reset begins
after waiting for the executing bus cycle to end.

Reset: HH (STATUS1 high, STATUSO high)

Normal: LL (STATUS1 low, STATUSO low)

Bcyc:  Bus clock cycle

CKIO2 output can only be used in clock modes 0, 1, and 2.

ahrwN

Figure9.3 Manual Reset STATUS Output
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9.6.2 Timing for Canceling Standby

Standby to Interrupt

Oscillation stops Interrupt request WDT overflow

CKIO, CKI02% _[ 1 [ ] l lFﬂTm%ﬂT\j_\_l‘\_ﬂ

WDT count |
|

Normal*2

I
|
|
STATUS Normal*2 >< Standby™ i
|
|
|
|
|

WAKEUP

Notes: 1. Standby: LH (STATUS1 low, STATUSO high)
2. Normal: LL (STATUS1 low, STATUSO low)
3. CKIO2 output can only be used in clock modes 0, 1, and 2.

Figure9.4 Standby to Interrupt STATUS Output
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Standby to Power-On Reset

Oscillation stops  Reset

CKIO, CKIO2'7 _ [ [ L[] l +‘|T|'|'|'|TF$§I\_I_\_I_I§§J_\_I_\_’—\_IT

} ‘ \
RESETP"! i i | | i
| = -
STATUS  Normal™® X Standby™ >@K Reset™3 | YNormal's
| -~ —
0 to 10 Beyc*® 0 to 30 Beyc™®

Notes: 1. When standby mode is cleared with a power-on reset, the WDT does not count.
Keep RESETP low during the PLL’s oscillation settling time.

Undefined

Reset: HH (STATUS1 high, STATUSO high)

Standby: LH (STATUS1 low, STATUSO high)

Normal: LL (STATUS1 low, STATUSO low)

Bceyc: Bus clock cycle

CKIO2 output can only be used in clock modes 0, 1, and 2.

Nooakwn

Figure9.5 Standby to Power-On Reset STATUS Output
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Standby to M anual Reset

Oscillation stops

|

CKIO, CKIO2*6

RESETM*!

STATUS Norma|*4><

Standby*3 >< Reset"2 Normal™

|
—
0 to 20 Beyc™®

Notes: 1. When standby mode is cleared with a manual reset, the WDT does not count.
Keep RESETM low during the PLL’s oscillation settling time.

Bceyc: Bus clock cycle

o0k wN

Reset:  HH (STATUS1 high, STATUSO high)
Standby: LH (STATUS1 low, STATUSO high)
Normal: LL (STATUS1 low, STATUSO low)

CKIQ2 output can only be used in clock modes 0, 1, and 2.

Figure9.6 Standby to Manual Reset STATUS Output
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9.6.3 Timing for Canceling Sleep M ode

Sleep to Interrupt

Interrupt request

CKIO, CKIO2" _l_\_l—\_l_\_l—\_l_\_l—\_I_L&&l_\_l_\_ll—\_l_Lgil_\_l_\_l—\_ﬂ

STATUS Normal*2 >< Sleep™!

Notes: 1. Sleep: HL (STATUS1 high, STATUSO low)
2. Normal: LL (STATUS1 low, STATUSO low)
3. CKIO2 output can only be used in clock modes 0, 1, and 2.

Figure9.7 Sleep toInterrupt STATUS Output

Sleep to Power-On Reset

Reset

|
ckio, cKI027 [ 1ML Ao ML m e

| ! |

\ ! \

RESETP"! | L | |
|

i - I

| I ' |

STATUS Normal*® >< Sleep™ >@K Reset™ | XNormaI 5
| ) >
0 to 10 Bcyc™® 0 to 30 Beyc™®

Notes: 1. When the PLL1’s multiplication ratio is changed by a power-on reset, keep
RESETP low during the PLL’s oscillation settling time.

Undefined

Reset: HH (STATUS1 high, STATUSO high)

Sleep: HL (STATUS1 high, STATUSO low)

Normal: LL (STATUS1 low, STATUSO low)

Becyc:  Bus clock cycle

CKIO2 output can only be used in clock modes 0, 1, and 2.

Nooakwn

Figure9.8 Sleep to Power-On Reset STATUS Output
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Sleep to Manual Reset

Reset

cKi0, cKI02' [T L L L L L

RESETM™"

|
|
|
|
|
|
|
|
l

>< Normal* 4
|

N

|
|
|
|
|
i
STATUS Normal*4>K
|
|

0 to 80 Beyc™ 0 to 30 Beyc™

Notes: 1. Keep RESETM low until STATUS becomes reset.
2. Reset: HH (STATUS1 high, STATUSO high)

3. Sleep: HL (STATUS1 high, STATUSO low)

4. Normal: LL (STATUS1 low, STATUSO low)

5. Bcyc:  Bus clock cycle

6

. CKIO2 output can only be used in clock modes 0, 1, and 2.

Figure9.9 Sleep to Manual Reset STATUS Output
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9.7 Har dwar e Standby Mode

9.71 Transition to Hardwar e Standby M ode

Driving the CA pinlow causes atransition to hardware standby mode. In hardware standby mode,
all modules except those operating on an RTC clock are halted, asin the standby mode entered on
execution of a SLEEP instruction ((software) standby mode).

Hardware standby mode differs from (software) standby mode as follows.

1. Interrupts and manual resets are not accepted.
2. The TMU does not operate.

Operation when alow-level signal isinput at the CA pin depends on the CPG state, as follows.

1. Instandby mode

The clock remains stopped and the chip enters the hardware standby state. Acceptance of
interrupts and manual resetsis disabled, TCLK output isfixed low, and the TMU halts.

2. During WDT operation when standby mode is canceled by an interrupt
The chip enters hardware standby mode after standby mode is canceled and the CPU resumes
operation.

3. Indeep mode
The chip enters hardware standby mode after sleep mode is canceled and the CPU resumes
operation.

Hold the CA pin low in hardware standby mode.

9.7.2 Canceling Har dwar e Standby M ode

Hardware standby mode can only be canceled by a power-on reset.

When the CA pinisdriven high whilethe RESETP pinislow, clock oscillation is started. Hold
the RESETP pin low until clock oscillation stabilizes. When the RESETP pin isdriven high, the
CPU begins power-on reset processing.

Operation is not guaranteed in the event of an interrupt or manual reset.
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9.7.3 Hardwar e Standby M ode Timing
Figures 9.10 and 9.11 show examples of pin timing in hardware standby mode.

The CA pinissampled using EXTAL2 (32.768 kHz), and a hardware standby request isonly
recognized when the pinislow for two consecutive clock cycles.

The CA pin must be held low while the chip isin hardware standby mode.

Clock oscillation starts when the CA pin is driven high after the RESETP pinisdriven low.

Rcyc: EXTALZ2 (32.768 kHz) cycle

|
|
CKIO, CKIO2™® TTTTTTTTI[TTIIIIIIII1T] ) [T ITT L
| [(§ |
| |
| |
CA —| } | !
|
: : o
RESETP i . | |
| \
| | S
|
|
STATUS i Normal*3 X Standby*? : Undefined) Reset™
- - —
2 Rcyc or more™® 0-10Bcyc™
Notes: 1. Reset:  HH (STATUS1 high, STATUSO high)
2. Standby: LH (STATUS1 low, STATUSO high)
3. Normal: LL (STATUS1 low, STATUSO low)
4. Bcyc: Bus clock cycle
5. Rcyc: EXTAL2 (32.768 kHz) cycle
6. CKIO2 output can only be used in clock modes 0, 1, and 2.

Figure9.10 Hardware Standby Mode
(When CA GoesLow in Normal Operation)
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|
| |
CKIO, CKI02"® _ [TTTTTITIIIIIIIIIIIIT] )
\ \ «
|
|
|
|

CA ]

|
|
|
|
|
|
| T
|
| | | | !
| | | | }
RESETP — ] |
\ } } | ‘
\ | \ \ ‘
_— | —
STATUS JStandby*2 Normal™3 X Standby*2 { Undefined) Reset"
| | | | I
1 | ! } ‘ *4
WDT operation | 0-10 Beye
.
|
2 Reyc or more™®
Notes: 1. Reset: HH (STATUS1 high, STATUSO high)

1
2. Standby: LH (STATUS1 low, STATUSO high)

3. Normal: LL (STATUS1 low, STATUSO low)

4. Bcyc: Bus clock cycle

5. Rceyc: EXTAL2 (32.768 kHz) cycle

6. CKIO2 output can only be used in clock modes 0, 1, and 2.

Figure9.11 Hardware Standby Mode Timing
(When CA GoesLow during WDT Operation on Standby M ode Cancellation)
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Section 10 On-Chip Oscillation Circuits

10.1 Overview

The clock pulse generator (CPG) supplies all clocks to the processor and controls the power-down
modes. The watchdog timer (WDT) isasingle-channel timer that counts the clock settling time
and is used when clearing standby mode and temporary standbys, such as frequency changes. It
can also be used as an ordinary watchdog timer or interval timer.

10.1.1 Features

The CPG hasthe following features:

Four clock modes. Selection of four clock modes for different frequency ranges, power
consumption, direct crystal input, and external clock input.

Three clocks generated independently: An internal clock for the CPU, cache, and TLB (1¢); a
peripheral clock (Pg) for the on-chip peripheral modules; and a bus clock (CKI10O) for the
external businterface.

Frequency change function: Internal and peripheral clock frequencies can be changed
independently using the PLL circuit and divider circuit within the CPG. Frequencies are
changed by software using frequency control register (FRQCR) settings.

Power-down mode control: The clock can be stopped for sleep mode and standby mode and
specific modules can be stopped using the module standby function.

The WDT has the following features:

Can be used to ensure the clock settling time: Use the WDT to cancel standby mode and the
temporary standbys which occur when the clock frequency is changed.

Can switch between watchdog timer mode and interval timer mode.

Generates internal resets in watchdog timer mode: Internal resets occur after counter overflow.
Selection of power-on reset or manual reset.

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

Selection of eight counter input clocks. Eight clocks (%1 to x1/4096) can be obtained by
dividing the peripheral clock.
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10.2 Overview of CPG

10.21 CPG Block Diagram

A block diagram of the on-chip clock pulse generator is shown in figure 10.1.

Clock pulse generator

Internal

» clock (l¢)
Cycle = Icyc

Peripheral

» clock (P¢)
Cycle = Pcyc

_ Standby

CAP1 [X] . Divider 1
PLL circuit 1 x1 |
=(x1,253,4, Mo 12l
6 113>
] ° x
Ko P ’4 x 114>
Cycle = Beyc x 1/6 [
cAP2 [X Divider 2
Crystal | x1
XTAL & oscillator w > PLL circuit 2 x 1/2 |-»
i (x 1, 4) x 1/3 >
EXTAL [X] o > x 1/4 ]
x 1/6 [
A 7Y
CPG control unit
A\
. | Clock frequency |« » Standby control
MD2 |X} “| control circuit circuit
mD1 [X] T T
MDo [ FRQCR STBCR
7Y 7Y
v v
< Bus interface >
A
v
Internal bus
Legend

FRQCR: Frequency control register
STBCR: Standby control register

" control
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The clock pulse generator blocks function as follows:

1

PLL Circuit 1: PLL circuit 1 doubles, triples, quadruples, sextuples, or leaves unchanged the
input clock frequency from the CK10 pin. The multiplication rate is set by the frequency
control register. When thisis done, the phase of the leading edge of theinternal clock is
controlled so that it will agree with the phase of the leading edge of the CKIO pin.

PLL Circuit 2: PLL circuit 2 leaves unchanged or quadruples the frequency of the crystal
oscillator or the input clock frequency from the EXTAL pin. The multiplication ratio is fixed
by the clock operation mode. The clock operation mode is set by pins MDO, MD1, and MD2.
See table 10.3 for more information on clock operation modes.

Crystal Oscillator: This oscillator is used when a crystal oscillator element is connected to the
XTAL and EXTAL pins. It operates according to the clock operating mode setting.

Divider 1: Divider 1 generates a clock at the operating frequency used by the internal clock.
The operating frequency can be 1, 1/2, 1/3, 1/4, or 1/6 times the output frequency of PLL
circuit 1, aslong asit is not lower than the CKIO pin clock frequency. The division ratio is set
in the frequency control register.

Divider 2: Divider 2 generates a clock at the operating frequency used by the peripheral clock.
The operating frequency can be 1, 1/2, 1/3, 1/4, or 1/6 times the output frequency of PLL
circuit 1 or the CKIO pin clock frequency, aslong asit is not higher than the CKI10O pin clock
frequency. The division ratio is set in the frequency control register.

Clock Freguency Control Circuit: The clock frequency control circuit controls the clock
frequency using the MD pins and the frequency control register.

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

Frequency Control Register: The frequency control register has control bits assigned for the
following functions: clock output/non-output from the CKI10O pin, on/off control of PLL circuit
1, PLL standby, the frequency multiplication ratio of PLL 1, and the frequency division ratio
of theinternal clock and the peripheral clock.

Standby Control Register: The standby control register has bits for controlling the power-down
modes. See section 9, Power-Down Modes, for more information.
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10.2.2 CPG Pin Configuration
Table 10.1 lists the CPG pins and their functions.

Table10.1 CPG Pinsand Functions

Pin Name Symbol I/O Description

Mode control MDO I Set the clock operating mode

pins MD1 |

MD2 I

Crystal 1/0O pins XTAL (0] Connects a crystal oscillator

(clock input pins) EXTAL | Connects a crystal oscillator. Also used to input an external
clock

Clock 1/0 pin CKIO 1/0 Inputs or outputs an external clock. Level can be fixed
during output

Capacitor CAP1 | Connects capacitor for PLL circuit 1 operation

connection pins (recommended value 470 pF)

for PLL CAP2 | Connects capacitor for PLL circuit 2 operation

(recommended value 470 pF)

10.2.3 CPG Register Configuration
Table 10.2 shows the CPG register configuration.

Table10.2 CPG Register

Register Name Abbreviation R/W Initial Value Address Access Size

Frequency control register FRQCR R/W  H'0102 H'FFFFFF80 16
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10.3  Clock Operating Modes

Table 10.3 shows the relationship between the mode control pin (MD2-MDQ) combinations and
the clock operating modes. Table 10.4 shows the usable frequency ranges in the clock operating
modes.

Table10.3 Clock Operating M odes

Pin Values Clock O pl12  PLLL Divider 1 Divider 2 CKIO
Mode MD2 MD1 MDO Source Output On/Off On/Off Input Input Frequency
0 0 0 0 EXTAL CKIO On, On PLL1 PLL1 (EXTAL)
multi- output
plication
ratio: 1
1 0 0 1 EXTAL CKIO On, On PLL1 PLL1 (EXTAL) x 4
multi- output
plication
ratio: 4
2 0 1 0 Crystal CKIO  On, On PLL1 PLL1 (Crystal) x 4
oscillator multi- output
plication
ratio: 4
7 1 1 1 CKIO — Off On PLL1 PLL1 (CKIO)
output
— Values except Reserved (Setting prohibited)
above

Mode O0: An external clock isinput from the EXTAL pin and undergoes waveform shaping by
PLL circuit 2 before being supplied inside the chip. PLL circuit 1 is constantly on, and there are
no frequency range restrictions compared to mode 3. An input clock frequency of 25 MHz to
66.67 MHz can be used, and the CKI10 frequency range is 25 MHz to 66.67 MHz.

AsPLL circuit 1 compensates for fluctuations in the CK10O pin load, this mode is suitable for
connection of synchronous DRAM.

Mode 1: An external clock isinput from the EXTAL pin and its frequency is multiplied by 4 by
PLL circuit 2 before being supplied inside the chip, allowing a low-frequency external clock to be
used. Aninput clock frequency of 6.25 MHz to 16.67 MHz can be used, and the CK10O frequency
rangeis 25 MHz to 66.67 MHz.

AsPLL circuit 1 compensates for fluctuations in the CKI10O pin load, this mode is suitable for
connection of synchronous DRAM.
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Mode 2: The on-chip crystal oscillator operates, with the oscillation frequency being multiplied
by 4 by PLL circuit 2 before being supplied inside the chip, allowing a low crystal frequency to be
used. A crystal oscillation frequency of 6.25 MHz to 16.67 MHz can be used, and the CKI10
frequency rangeis 25 MHz to 66.67 MHz.

AsPLL circuit 1 compensates for fluctuations in the CKI10O pin load, this mode is suitable for
connection of synchronous DRAM.

Mode 7: In this mode, the CKIO pinisan input, an external clock isinput to this pin, and
undergoes waveform shaping, and also frequency multiplication according to the setting, by PLL
circuit 1 before being supplied to the chip. In modes 0 to 4, the system clock is generated from the
output of the chip’'s CKIO pin. Consequently, if alarge number of ICs are operating on the clock
cycle, the CKIO pin load will be large. This mode, however, assumes a comparatively large-scale
system. If alarge number of |Cs are operating on the clock cycle, a clock generator with a number
of low-skew clock outputs can be provided, so that the | Cs can operate synchronously by
distributing the clocks to each one.

AsPLL circuit 1 compensates for fluctuations in the CKI10O pin load, this mode is suitable for
connection of synchronous DRAM.

Table10.4 Available Combinationsof Clock Mode and FRQCR Values

Clock Clock Rate* Input Frequency CKIO Frequency

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

0 H'0100 ON(x1) ON(x1) 1:1:1 25 MHz to 33.34 MHz 25 MHz to 33.34 MHz
H'0101 ON(x1) ON(x1) 1:1:1/2 25 MHz to 66.67 MHz 25 MHz to 66.67 MHz
H'0102 ON(x1) ON (x1) 1:1:1/4 25 MHz to 66.67 MHz 25 MHz to 66.67 MHz
H'0111 ON(x2) ON(x1) 2:1:1 25 MHz to 33.34 MHz 25 MHz to 33.34 MHz
H'0112 ON(x2) ON(x1) 2:1:1/2 25 MHz to 66.67 MHz 25 MHz to 66.67 MHz
H'0115 ON(x2) ON(x1) 1:1:1 25 MHz to 33.34 MHz 25 MHz to 33.34 MHz
H'0116 ON(x2) ON(x1) 1:1:1/2 25 MHz to 66.67 MHz 25 MHz to 66.67 MHz
H'0122 ON(x4) ON(x1) 4:1:1 25 MHz to 33.34 MHz 25 MHz to 33.34 MHz
H'0126 ON(x4) ON (x1) 2:1:1 25 MHz to 33.34 MHz 25 MHz to 33.34 MHz
H'012A ON(x4) ON(x1) 1:1:1 25 MHz to 33.34 MHz 25 MHz to 33.34 MHz
H'A100 ON(x3) ON(x1) 3:1:1 25 MHz to 33.34 MHz 25 MHz to 33.34 MHz
H'A101 ON(x3) ON(x1) 3:1:1/2 25 MHz to 66.67 MHz 25 MHz to 66.67 MHz
H'E100 ON(x3) ON(x1) 1:1:1 25 MHz to 33.34 MHz 25 MHz to 33.34 MHz
HE101 ON(x3) ON(x1) 1:1:1/2 25 MHz to 66.67 MHz 25 MHz to 66.67 MHz
H'A111 ON(x6) ON(x1) 6:1:1 25 MHz to 33.34 MHz 25 MHz to 33.34 MHz
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Clock Clock Rate* Input Frequency CKIO Frequency

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

1,2 H'0100 ON (x1) ON(x4) 4:4:4 6.25 MHz to 8.34 MHz 25 MHz to 33.34 MHz
H'0101 ON(x1) ON(x4) 4:4:2 6.25 MHz to 16.67 MHz 25 MHz to 66.67 MHz
H'0102 ON (x1) ON(x4) 4:4:1 6.25 MHz to 16.67 MHz 25 MHz to 66.67 MHz
H0111 ON(x2) ON(x4) 8:4:4 6.25 MHz to 8.34 MHz 25 MHz to 33.34 MHz
H'0112 ON (x2) ON(x4) 8:4:2 6.25 MHz to 16.67 MHz 25 MHz to 66.67 MHz
H'0115 ON(x2) ON(x4) 4:4:4 6.25 MHz to 8.34 MHz 25 MHz to 33.34 MHz
H'0116 ON (x2) ON(x4) 4:4:2 6.25 MHz to 16.67 MHz 25 MHz to 66.67 MHz
H'0122 ON(x4) ON(x4) 16:4:4 6.25 MHz to 8.34 MHz 25 MHz to 33.34 MHz
H'0126 ON (x4) ON (x4) 8:4:4 6.25 MHz to 8.34 MHz 25 MHz to 33.34 MHz
H'O12A ON(x4) ON (x4) 4:4:4 6.25 MHz to 8.34 MHz 25 MHz to 33.34 MHz
H'A100 ON (x3) ON (x4) 12:4:4 6.25 MHz to 8.34 MHz 25 MHz to 33.34 MHz
H'A101 ON(x3) ON(x4) 12:4:2 6.25 MHz to 16.67 MHz 25 MHz to 66.67 MHz
H'E1I00 ON (x3) ON(x4) 4:4:4 6.25 MHz to 8.34 MHz 25 MHz to 33.34 MHz
HE101 ON(x3) ON(x4) 4:4:2 6.25 MHz to 16.67 MHz 25 MHz to 66.67 MHz
H'A111 ON (x6) ON (x4) 24:4:4 6.25 MHz to 8.34 MHz 25 MHz to 33.34 MHz

7 H'0100 ON (x1) OFF 1:1:1 25 MHz to 33.34 MHz 25 MHz to 33.34 MHz
H'0101 ON (x1) OFF 1:1:1/2 25 MHz to 66.67 MHz 25 MHz to 66.67 MHz
H'0102 ON (x1) OFF 1:1:1/4 25 MHz to 66.67 MHz 25 MHz to 66.67 MHz
H'0111 ON (x2) OFF 2:1:1 25 MHz to 33.34 MHz 25 MHz to 33.34 MHz
H'0112 ON (x2) OFF 2:1:1/2 25 MHz to 66.67 MHz 25 MHz to 66.67 MHz
H'0115 ON (x2) OFF 1:1:1 25 MHz to 33.34 MHz 25 MHz to 33.34 MHz
H'0116 ON (x2) OFF 1:1:1/2 25 MHz to 66.67 MHz 25 MHz to 66.67 MHz
H'0122 ON (x4) OFF 4:1:1 25 MHz to 33.34 MHz 25 MHz to 33.34 MHz
H'0126 ON (x4) OFF 2:1:1 25 MHz to 33.34 MHz 25 MHz to 33.34 MHz
H'012A ON (x4) OFF 1:1:1 25 MHz to 33.34 MHz 25 MHz to 33.34 MHz
H'A100 ON (x3) OFF 3:1:1 25 MHz to 33.34 MHz 25 MHz to 33.34 MHz
H'A101 ON (x3) OFF 3:1:1/2 25 MHz to 66.67 MHz 25 MHz to 66.67 MHz
H'E100 ON (x3) OFF 1.1 25 MHz to 33.34 MHz 25 MHz to 33.34 MHz
H'E101 ON (x3) OFF 1:1:1/2 25 MHz to 66.67 MHz 25 MHz to 66.67 MHz
H'A111 ON (x 6) OFF 6:1:1 25 MHz to 33.34 MHz 25 MHz to 33.34 MHz

Note: * Taking input clock as 1.
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Cautions:

1. Theinput to divider 1 becomes the output of PLL circuit 1 when PLL circuit 1 ison.
2. Theinput of divider 2 becomes the output of PLL circuit 1.
3. Thefrequency of theinternal clock (l¢) becomes:

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

* Do not set theinternal clock frequency lower than the CK10O pin frequency.
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104 Register Descriptions

1041 Frequency Control Register (FRQCR)

The frequency control register (FRQCR) is a 16-hit readable/writable register used to specify the
frequency multiplication ratio of PLL circuit 1, and the frequency division ratio of the internal
clock and the peripheral clock.

Only word access can be used on the FRQCR register. FRQCR is initialized to H'0102 by a
power-on reset trigged by the RESETP pin, but retainsits value in amanual reset and in standby
mode.

FRQCR:
Bitt 15 14 13 12 11 10 9 8
\ STC2 \ IFC2 \ PFC2 \ — \ — \ — \ — \ — \
Initial value: 0 0 0 0 0 0 0 1
RW: RW RW  RW R R R R R
Bit: 7 6 5 4 3 2 1 0
\ — \ — \ sTC1 \ STCO \ IFC1 \ IFCO \ PFC1 \ PFCO \
Initial value: 0 0 0 0 0 0 1 0
RW: R R RW RW RW RW RW  RW

Bits 15, 5, and 4—Frequency M ultiplication Ratio (STC2, STC1, STCO0): These bits specify
the frequency multiplication ratio of PLL circuit 1.

Bit 15: STC2 Bit 5: STC1 Bit 4: STCO Description

0 0 0 x1 (Initial value)
0 0 1 x 2

1 0 0 x 3

0 1 0 x 4

1 0 1 x 6

Values except above Reserved (Setting prohibited)
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Bits 14, 3, and 2—Internal Clock Frequency Division Ratio (IFC2, IFC1, IFCO0): These bits
specify the frequency division ratio of the internal clock with respect to the output frequency of
PLL circuit 1.

Bit 14: IFC2 Bit 3: IFC1 Bit 2: IFCO Description

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

1 0 0 x1/3

0 1 0 x1/4

Values except above Reserved (Setting prohibited)

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

Bits 13, 1, and 0—Peripheral Clock Frequency Division Ratio (PFC2, PFC1, PFCO0): These
bits specify the division ratio of the peripheral clock frequency with respect to the frequency of the
output frequency of PLL circuit 1 or the frequency of the CKIO pin.

Bit 13: PFC2 Bit 1: PFC1 Bit 0: PFCO Description

0 0 0 x1

0 0 1 x1/2

1 0 0 x1/3

0 1 0 x 1/4 (Initial value)

1 0 1 x 1/6

Values except above Reserved (Setting prohibited)

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

Bits12t0 9, 7, and 6—Reserved: These bits are always read as 0. The write value should always
beO.

Bit 8—Reserved: Thishit isalwaysread as 1. Thewrite value should always be 1.
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10.5 Changing the Frequency

The frequency of theinternal clock and peripheral clock can be changed either by changing the
multiplication ratio of PLL circuit 1 or by changing the division ratios of dividers 1 and 2. All of
these are controlled by software through the frequency control register. The methods are described
below.

10.5.1 Changing the Multiplication Rate

A PLL settling timeis required when the multiplication rate of PLL circuit 1 is changed. The on-
chip WDT counts the settling time.

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

2. Set avauethat will become the specified oscillation settling time in the WDT and stop the

WDT. The following must be set:

WTCSR register TME bit = 0: WDT stops

WTCSR register CKS2—CK S0 bits: Division ratio of WDT count clock
WTCNT counter: Initial counter value

3. Set the desired value in the STC2, STC1, and STCO bits. The division ratio can also be set in
the |FC2—I FCO bits and PFC2—PFCO bits.

4. The processor pauses internally and the WDT startsincrementing. In clock modes 0-2 and 7,
the internal and peripheral clocks both stop (except for the peripheral clock supplied to the
WDT).

5. Supply of the clock that has been set beginsat WDT count overflow, and the processor begins
operating again. The WDT stops after it overflows.

10.5.2 Changingthe Division Ratio

The WDT will not count unless the multiplication ratio is changed simultaneously.

1. Intheinitial state, IFC2—|FCO = 000 and PFC2—PFCO = 010.

2. SetthelFC2, IFC1, IFCO, PFC2, PFC1, and PFCO hits to the new division ratio. The values
that can be set are limited by the clock mode and the multiplication ratio of PLL circuit 1. Note
that if the wrong value is set, the processor will malfunction.

3. Theclock isimmediately supplied at the new division ratio.
10.5.3 Noteson Changing the Frequency

If the following three conditions are all met, FRQCR should not be changed when atransfer using
the DMAC isin progress.

» BitsIFC2 to IFCO are changed.
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* Bits STC2 to STCO are not changed.
e Theclock ratio is other than 1¢:Be = 1:1.

10.6  Overview of WDT

10.6.1 Block Diagram of WDT

Figure 10.2 shows a block diagram of the WDT.

WDT
Standby Standby [« Standby
cancellation controi e mode
I | Peripheral
AL £ clock
Internal L
reset < (:Fz)?w?rec;[l B | ivider
t
roaues b Clock selection l l l l l l l l
k4 Clock selector
Interrupt Interrupt |« Overflow |
request control | Clock
Y
WTCSR WTCNT
( Bus interface )
A
) ¥ » Internal bus
Legend

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

Figure10.2 Block Diagram of WDT

10.6.2 Register Configuration

The WDT has two registers that select the clock, switch the timer mode, and perform other
functions. Table 10.5 showsthe WDT registers.
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Table10.5 Register Configuration

Name Abbreviation R/W Access Size Initial Value Address

Watchdog timer counter  WTCNT RW*  R: byte; H'00 H'FFFFFF84
W: word*

Watchdog timer WTCSR RW*  R: byte; H'00 H'FFFFFF86

control/status register W: word*

Note: * Write with word access. Write with H'5A and H'A5, respectively, in the upper byte. Byte or
longword writes are not possible. Read with byte access.

10.7 WDT Registers

10.7.1 Watchdog Timer Counter (WTCNT)

The watchdog timer counter (WTCNT) is an 8-hit readabl e/writable counter that increments on the
selected clock. WTCNT differs from other registersin that it is more difficult to write to. See
section 10.7.3, Notes on Register Access, for details. When an overflow occurs, it generates a reset
in watchdog timer mode and an interrupt in interval time mode. Its address is H'FFFFFF84. The
WTCNT counter isinitialized to H'00 only by a power-on reset through the RESETP pin. Use
word access to write to the WTCNT counter, with H'5A in the upper byte. Use byte access to read
WTCNT.

Bit: 7 6 5 4 3 2 1 0

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

10.7.2 Watchdog Timer Control/Status Register (WTCSR)

The watchdog timer control/status register (WTCSR) is an 8-bit readable/writable register
composed of bits to select the clock used for the count, bits to select the timer mode, and overflow
flags. WTCSR differs from other registersin that it is more difficult to write to. See section 10.7.3,
Notes on Register Access, for details. Its addressis H'FFFFFF86. The WTCSR register is
initialized to H'00 only by a power-on reset through the RESETP pin. When aWDT overflow
causes an internal reset, WTCSR retainsits value. When used to count the clock settling time for
canceling a standby, it retains its value after counter overflow. Use word access to write to the
WTCSR counter, with H'A5 in the upper byte. Use byte accessto read WTCSR.

Note: The method of writing datato this register differsfrom that for ordinary registersin order
to ensure that data is not overwritten mistakenly. Refer to section 10.7.3, Notes on
Register Access, for details.
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Bit. 7 6 5 4 3 2 1 0

\ TME \ WTAT \ RSTS ‘WOVF‘ IOVF \ CKS2 \ CKS1 \ CKSO \
Initial value: 0 0 0 0 0 0 0 0
RW: RW RW RW RW RW RW RW RW

Bit 7—Timer Enable (TME): Starts and stops timer operation. Clear this bit to 0 when using the
WDT in standby mode or when changing the clock frequency.

Bit 7: TME Description
0 Timer disabled: Count-up stops and WTCNT value is retained

(Initial value)
1 Timer enabled

Bit 6—Timer Mode Select (WT/IT): Selects whether to use the WDT as a watchdog timer or an
interval timer.

Bit 6: WT/IT Description
0 Used as interval timer (Initial value)
1 Used as watchdog timer

Note: If WT/IT is modified when the WDT is running, the up-count may not be performed correctly.

Bit 5—Reset Select (RSTS): Selectsthe type of reset when WTCNT overflows in watchdog
timer mode. In interval timer mode, this setting is ignored.

Bit 5: RSTS Description
0 Power-on reset (Initial value)
1 Manual reset

Note: RESETOUT is output.

Bit 4—Watchdog Timer Overflow (WOVF): Indicates that the WTCNT has overflowed in
watchdog timer mode. Thisbit isnot set in interval timer mode.

Bit 4: WOVF Description
0 No overflow (Initial value)
1 WTCNT has overflowed in watchdog timer mode

Bit 3—Interval Timer Overflow (IOVF): Indicates that WTCNT has overflowed in interval
timer mode. Thisbit is not set in watchdog timer mode.
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Bit 3: IOVF Description

0 No overflow (Initial value)

1 WTCNT has overflowed in interval timer mode

Bits2to 0—Clock Select 2to 0 (CKS2 to CKS0): These bits select the clock to be used for the
WTCNT count from the eight types obtainable by dividing the peripheral clock. The overflow
period in the table is the value when the peripheral clock (Pg) is 15 MHz.

Overflow Period
Bit 2: CKS2 Bit1: CKS1 Bit0: CKSO Clock Division Ratio (when P@= 15 MHz)

0 0 0 1 (Initial value) 17 us
1 1/4 68 ps
1 0 1/16 273 ps
1 1/32 546 pus
1 0 0 1/64 1.09 ms
1 1/256 4.36 ms
1 0 1/1024 17.48 ms
1 1/4096 69.91 ms

Note: If bits CKS2—-CKSO0 are modified when the WDT is running, the up-count may not be
performed correctly. Ensure that these bits are modified only when the WDT is not running.

10.7.3  Noteson Register Access

The watchdog timer counter (WTCNT) and watchdog timer control/status register (WTCSR) are
more difficult to write to than other registers. The procedure for writing to these registersis given
below.

Writing to WTCNT and WTCSR: These registers must be written to using aword transfer
instruction. They cannot be written to with a byte or longword transfer instruction. When writing
to WTCNT, set the upper byte to H'5A and transfer the lower byte as the write data, as shown in
figure 10.3. When writing to WTCSR, set the upper byte to H'A5 and transfer the lower byte as
the write data. Thistransfer procedure writes the lower byte datato WTCNT or WTCSR.
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WTCNT write

15 8 7 0
Address: H'FFFFFF84 H'5A Write data
WTCSR write
15 8 7 0
Address: H'FFFFFF86 ’ H'A5 Write data

Figure10.3 WritingtoWTCNT and WTCSR
10.8 Usingthe WDT

10.8.1 Canceling Standby

The WDT can be used to cancel standby mode with an NMI or other interrupt. The procedureis
described below. (The WDT does not run when areset is used for canceling, so keep the RESET
pin low until the clock stabilizes.)

1. Beforetransitioning to standby mode, always clear the TME bitin WTCSR to 0. When the
TME bitis 1, an erroneous reset or interval timer interrupt may be generated when the count
overflows.

2. Set the type of count clock used in the CKS2—CK S0 bits in WTCSR and the initial valuesfor
the counter in the WTCNT counter. These values should ensure that the timetill count
overflow islonger than the clock oscillation settling time.

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

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

5. When the WDT count overflows, the CPG starts supplying the clock and the processor
resumes operation. The WOVF flag in WTCSR is not set when this happens.

6. Sincethe WDT continues counting from H'00, set the STBY hit in the STBCR register to 0 in
the interrupt handling routine and this will stop the WDT. When the STBY bit remainsat 1,
the SH7729R again enters standby mode when the WDT has counted up to H'80. This standby
mode can be canceled by a power-on reset
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10.8.2 Changing the Frequency

To change the frequency used by the PLL, use the WDT. When changing the frequency only by
switching the divider, do not use the WDT.

1

Before changing the frequency, always clear the TME bit in WTCSR to 0. When the TME hit
is1, an erroneous reset or interval timer interrupt may be generated when the count overflows.

Set the type of count clock used in the CKS2—CK S0 bits of WTCSR and theinitial values for
the counter in the WTCNT counter. These values should ensure that the timetill count
overflow islonger than the clock oscillation settling time.

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

When the WDT count overflows, the CPG resumes supplying the clock and the processor
resumes operation. The WOV flag in WTCSR is not set when this happens.

The counter stops at a value of H'00 or H'01. The stop value depends on the clock ratio.

If the following three conditions are all met, FRQCR should not be changed when a transfer
using the DMAC isin progress.

* Bits IFC2 to IFCO are changed.

* Bits STC2 to STCO are not changed.

» Theclock ratio is other than lg:Bp = 1:1.

10.8.3 Using Watchdog Timer Mode

1

Set the WT/IT bit in the WTCSR register to 1, set the reset type in the RSTS bit, set the type of
count clock in the CK S2—CK S0 bits, and set theinitial value of the counter in the WTCNT
counter.

Set the TME bitin WTCSR to 1 to start the count in watchdog timer mode.

While operating in watchdog timer mode, rewrite the counter periodically to H'00 to prevent
the counter from overflowing.

When the counter overflows, the WDT setsthe WOVF flagin WTCSR to 1 and generates the
type of reset specified by the RSTS bit. The counter then resumes counting.

When areset is generated, alow level is output at the RESETOUT pin, and a high level at the
STATUSO and STATUSL pins. The output period is approximately 1 count clock cycle in the
case of a power-on reset, and approximately 5 peripheral clock cyclesin the case of a manual
reset.

10.84 UsingInterval Timer Mode

When operating in interval timer mode, interval timer interrupts are generated at every overflow of
the counter. This enables interrupts to be generated at set periods.
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1. Clear the WT/IT bit in the WTCSR register to 0, set the type of count clock in the CK S2—
CK S0 hits, and set the initial value of the counter in the WTCNT counter.
2. Setthe TME bit in WTCSR to 1 to start the count in interval timer mode.

3. When the counter overflows, the WDT setsthe IOVF flagin WTCSR to 1 and an interval
timer interrupt request is sent to the INTC. The counter then resumes counting.

10.9 Noteson Board Design

When Using an External Crystal Resonator: Place the crystal resonator, capacitors CL1 and
CL2, and damping resistor R close to the EXTAL and XTAL pins. To prevent induction from
interfering with correct oscillation, use a common grounding point for the capacitors connected to
the resonator, and do not locate a wiring pattern near these components.

Avoid crossing
signal lines

SH7729R

Note: The values for CL1, CL2, and the damping resistance should be determined after
consultation with the crystal manufacturer.

Figure10.4 Pointsfor Attention when Using Crystal Resonator

Decoupling Capacitors: Insert alaminated ceramic capacitor of 0.01 to 0.1 yuF as a passive
capacitor for each Vs¢/V ¢ pair. Mount the passive capacitors close to the SH7729R power supply
pins, and use components with a frequency characteristic suitable for the chip’s operating
frequency, as well as a suitable capacitance value.

Digital system VsV pairs: 19-21, 27-29, 33-35, 45-47, 57-59, 69-71, 79-81, 83-85, 95-97, 109-
111, 132-134, 153-154, 161-163, 173-175, 181-183, 205-208

On-chip oscillator Vsg/Vcc pairs. 3-6, 145-147, 148-150

When Using a PLL Oscillator Circuit: Keep the wiring from the PLL V ¢ and V ss connection
pattern to the power supply pins short, and make the pattern width large, to minimize the
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inductance component. Ground the oscillation stabilization capacitors C1 and C2to Vss (PLL1)
and Vs (PLL2), respectively. Place C1 and C2 close to the CAP1 and CAP2 pins and do not
locate awiring pattern in the vicinity. In clock mode 7, connect the EXTAL pinto V¢ or Vssand
leave the X TAL pin open.

Avoid crossing

signal lines
________ |
Vee (PLL2) :
i Power supply
CAP2 ] —
c2 | Vee
Vgs (PLL2) —1 41 Reference values
: C1 =470 pF
Ve (PLL1) ] C2 = 470 pF
: Vss
CAP1 —— —
C1 I
Vgs (PLL1) ___T___:

Figure10.5 Pointsfor Attention when Using PLL Oscillator Circuit
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111

Section 11 Bus State Controller (BSC)

Overview

The bus state controller (BSC) divides physical address space and output control signals for
various types of memory and bus interface specifications. BSC functions enable the chip to link
directly with synchronous DRAM, SRAM, ROM, and other memory storage devices without an
external circuit. The BSC also allows direct connection to PCMCIA interfaces, smplifying system
design and allowing high-speed data transfers in a compact system.

1111

Features

The BSC has the following features:

e Physical address space isdivided into six areas

g
U
g
U

O

O

A maximum 64 Mbytes for each of the six areas, 0, 2—6
Area bus width can be selected by register (area 0 is set by external pin)
Wait states can be inserted using the WAIT pin

Wait state insertion can be controlled through software. Register settings can be used to
specify the insertion of 1-10 cyclesindependently for each area (1-38 cycles for areas 5
and 6 and the PCMCIA interface only)

The type of memory connected can be specified for each area, and control signals are
output for direct memory connection

Wait cycles are automatically inserted to avoid data bus conflict for continuous memory
accessesto different areas or writes directly following reads in the same area

« Direct interface to synchronous DRAM

O

U
g
U
g

Multiplexes row/column addresses according to synchronous DRAM capacity
Supports burst operation

Supports bank active mode

Has both auto-refresh and self-refresh functions

Controls timing of synchronous DRAM direct-connection control signals according to
register setting

e Burst ROM interface

g
U

Insertion of wait states controllable through software
Register setting control of burst transfers

« PCMCIA direct-connection interface

U
g

Insertion of wait states controllable through software
Bus sizing function for 1/0 bus width (only in little-endian mode)
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» Short refresh cycle control

O The overflow interrupt function of the refresh counter enables the refresh function
immediately after a self-refresh operation using low power-consumption DRAM

» Therefresh counter can be used asan interval timer
0 Outputs an interrupt request signal using the compare-match function
0 Outputs an interrupt request signal when the refresh counter overflows

« Automatically disables the output of clock signals to anywhere but the refresh counter, except
during execution of external bus cycles
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11.1.2 Block Diagram

Figure 11.1 shows a block diagram of the bus state controller.

[2]
3
o]
______ g T
! c
: Bus *qc-"
| interface |- -
[ i S A I
| ! l
| ——_wor1_|
Lol wait ! Wer1 K> l
WAIT ———1»| controller : |
I
| ! T wcr2 K > !
I
Lo | :
. I I
S0, CS6-Cs2, Ll area l !
CE2A, CE2B «+—+—+— controller | : BCR1 I
MCS0-MCS7 | ! | !
JE— [ ! |
BS L l BCR2 K !
RD [ - !
RD/WR [ - @ |
WE3-WEO P . MCR K M= !
RASxx 4—:—:— 1 = :
CASx [ Memory 0 PCR > é I
CKE I 1| controller I :
ICIORD, ICIOWR Lo : .
I I
[ I
I0IS16 —~_ ™ :
[2] A
3 I
8 e mm—— === I
© |
5 I
S Refresh :
Interrupt 5 controller !
controller o |
Iy !
|
|
|
I
I
l
I
—————————————————————————————— BSC---!
Legend
WCR: Wait state control register RFCR: Refresh count register
BCR: Bus control register RTCNT: Refresh timer count register
MCR: Memory control register RTCOR: Refresh time constant register
PCR: PCMCIA control register RTCSR: Refresh timer control/status register

MCSCRn: MCSn control register (n = 0-7)

Figure11.1 Block Diagram of Bus State Controller
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11.1.3 Pin Configuration

Table 11.1 shows the BSC pin configuration.

Table11.1 BSC Pins

Pin Name Signal 110 Description

Address bus A25-A0 (@) Address output

Data bus D15-DO0 110 Data I/O

D31-D16 1/0 Data 1/0 when using 32-bit bus width

Bus cycle start BS (@) Shows start of bus cycle. During burst transfers,
asserted every data cycle.

Chip select 0, 2-4 S0,CS2-CS4 O Chip select signals to indicate area being
accessed.

Chip select 5, 6 CS5/CE1A, o Chip select signals to indicate area being

CS6/CE1B accessed. CS5/CE1A and CS6/CE1B can also be
used as CE1A and CE1B of PCMCIA.

PCMCIA card CE2A, CE2B (@] CE2A and CE2B signals when PCMCIA is used

select

Read/write RD/WR 0 Data bus direction indication signal. PCMCIA write
indication signal.

Row address RAS3L O When synchronous DRAM is used in area 3,

strobe 3L RAS3L for lower 32-Mbyte address and 64-Mbyte
address.

Row address RAS3U (@] When synchronous DRAM is used in area 3,

strobe 3U RAS3U for upper 32-Mbyte address.

Column address CASL (0] When synchronous DRAM is used, CASL signal for

strobe lower 32-Mbyte address and 64-Mbyte address.

Column address ~ CASU o When synchronous DRAM is used, CASU signal for

strobe LH upper 32-Mbyte address.

Data enable 0 WEO/DQMLL (0] When memory other than synchronous DRAM is
used, D7-DO0 write strobe signal. When
synchronous DRAM is used, selects D7-DO.

Data enable 1 WE1/DQMLU/ (@) When memory other than synchronous DRAM and

WE PCMCIA is used, D15-D8 write strobe signal.
When synchronous DRAM is used, selects D15—
D8. When PCMCIA is used, strobe signal indicating
write cycle.

Data enable 2 WE2/DQMUL/ O When memory other than synchronous DRAM and

ICIORD PCMCIA is used, D23-D16 write strobe signal.

When synchronous DRAM is used, selects D23—
D16. When PCMCIA is used, strobe signal
indicating 1/0O read.
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Pin Name Signal 110 Description
Data enable 3 WES3/DQMUU/ o When memory other than synchronous DRAM and
ICIOWR PCMCIA is used, D31-D24 write strobe signal.

When synchronous DRAM is used, selects D31
D24. When PCMCIA is used, strobe signal
indicating 1/0 write.

Read RD 0 Strobe signal indicating read cycle

Wait WAIT | Wait state request signal

Clock enable CKE (@) Clock enable control signal for synchronous DRAM

10IS16 10IS16 | Signal indicating PCMCIA 16-bit /0. Valid only in
little-endian mode.

Bus release BREQ | Bus release request signal

request

Bus release BACK (@) Bus release acknowledge signal

acknowledgment

Mask ROM chip MCS[0]-MCS[7] O Chip select signal for mask ROM connected to area

select

Oor2.
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11.1.4 Register Configuration

The BSC has 21 registers (table 11.2). Synchronous DRAM also has a built-in synchronous
DRAM mode register. These registers control direct connection interfaces to memory, wait states,
refreshes, and PCMCIA devices.

Table11.2 BSC Registers

Name Abbr. R/W Initial Value® Address Bus Width
Bus control register 1 BCR1 R/W H'0000 H'FFFFFF60 16
Bus control register 2 BCR2 R/W H'3FFO H'FFFFFF62 16
Wait state control register 1 WCR1 R/W H'3FF3 H'FFFFFF64 16
Wait state control register 2 WCR2 R/W H'FFFF H'FFFFFF66 16
Individual memory control MCR R/W H'0000 H'FFFFFF68 16
register

PCMCIA control register PCR R/W H'0000 H'FFFFFF6C 16
Refresh timer control/status RTCSR R/W H'0000 H'FFFFFF6E 16
register

Refresh timer counter RTCNT R/W H'0000 H'FFFFFF70 16
Refresh time constant register RTCOR  R/W H'0000 H'FFFFFF72 16
Refresh count register RFCR R/W H'0000 H'FFFFFF74 16
Synchronous DRAM mode SDMR W — H'FFFFDO0OO- 8
register, area 2 H'FFFFDFFF
Synchronous DRAM mode H'FFFFE000—
register, area 3 H'FFFFEFFF
MCSO0 control register MCSCRO R/W H'0000 H'FFFFFF50 16
MCS1 control register MCSCR1 R/W H'0000 H'FFFFFF52 16
MCS2 control register MCSCR2 R/W H'0000 H'FFFFFF54 16
MCS3 control register MCSCR3 R/W H'0000 H'FFFFFF56 16
MCS4 control register MCSCR4 R/W H'0000 H'FFFFFF58 16
MCS5 control register MCSCR5 R/W H'0000 H'FFFFFF5A 16
MCS6 control register MCSCR6 R/W H'0000 H'FFFFFF5C 16
MCS?7 control register MCSCR7 R/W H'0000 H'FFFFFF5E 16

Notes: For details, see section 11.2.7, Synchronous DRAM Mode Register (SDMR).
* |nitialized by a power-on reset.
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11.15 AreaOverview

Space Allocation: In the architecture of the SH7729R, both logical spaces and physical spaces
have 32-bit address spaces. Thelogical space is divided into five areas by the value of the upper
bits of the address. The physical spaceis divided into eight areas.

Logical space can be allocated to physical space using a memory management unit (MMU). For
details, refer to section 3, Memory Management Unit (MMU), which describes area allocation for

physical space.
Asshown intable 11.3, the SH7729R can be connected directly to six memory/PCMCIA interface

asserted during area 0 access; CS6 is asserted during area 6 access. When PCMCIA interface is
selected in area’5 or 6, in addition to CS5/CS6, CE2A/CE2B are asserted for the corresponding
bytes accessed.

H'00000000 Area 0 (CS0) H'00000000

Internal I/O H'04000000

Area 2 (CS2) H'08000000

Area 3 (CS3) H'0C000000

Area 4 (CS4) H'10000000

Area 5 (CS5) H'14000000

H'20000000 [~

H'40000000 [~

H'60000000 Yo \\  Area6(CS6) | H'18000000
!
e ,” ////// ‘[ Reserved area
H'80000000 il ,
P1 k ’/I/’I/ Physical address space
Vo7 rz7727770
H'A0000000 Ji
P2 / I
S | '
H'C0000000 )
P3 /
H'E0000000
P4

Logical address space

Note: For logical address spaces PO and P3, when the memory management unit (MMU) is
on, it can optionally generate a physical address for the logical address. This diagram
can be applied when the MMU is off, and when the MMU is on and each physical
address corresponding to a logical address is equal except for the upper three bits.
When translating logical addresses to arbitrary physical addresses, refer to table 11.3.

Figure11.2 Correspondence between Logical Address Space and Physical Address Space
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Table11.3 Physical Address Space M ap

Area Connectable Memory Physical Address Capacity Access Size
0 Ordinary memory*?, H'00000000 to H'03FFFFFF 64 Mbytes 8, 16, 32*2
burst ROM H'00000000 + H'20000000 x nto ~ Shadow  n = 1-6
H'03FFFFFF + H'20000000 x n
1 Internal 1/O registers™’ H'04000000 to H'07FFFFFF 64 Mbytes 8, 16, 32*3
H'04000000 + H'20000000 x nto  Shadow n=1-6
H'07FFFFFF + H'20000000 x n
2 Ordinary memory*?, H'08000000 to H'OBFFFFFF 64 Mbytes 8, 16, 32*3**
synchronous DRAM H'08000000 + H20000000 xnto  Shadow  n=1-6
H'OBFFFFFF + H'20000000 x n
3 Ordinary memory, H'0C000000 to H'OFFFFFFF 64 Mbytes 8, 16, 32*3**
synchronous DRAM H'0C000000 + H'20000000 x nto  Shadow  n = 1-6
H'OFFFFFFF + H'20000000 x n
4 Ordinary memory H'10000000 to H'13FFFFFF 64 Mbytes 8, 16, 323
H'10000000 + H'20000000 x nto ~ Shadow n=1-6
H'13FFFFFF + H'20000000 x n
5 Ordinary memory, H'14000000 to H'15FFFFFF 32 Mbytes 8, 16, 32 *3*5
PCMCIA, burst ROM H'16000000 to H'17FFFFFF 32 Mbytes
Ogj'”ary memory, burst 1114600000 + H'20000000 x nto  Shadow  n = 1-6
ROM H'17FFFFFF + H'20000000 X n
6 Ordinary memory, H'18000000 to H'19FFFFFF 32 Mbytes 8, 16, 32 *3*®
PCMCIA, burst ROM H'1A000000 to H'1BFFFFFF
H'18000000 + H'20000000 x nto  Shadow n=1-6
H'1BFFFFFF + H'20000000 x n
7*0 Reserved area H'2C000000 + H'20000000 x n n=0-7
to H'1FFFFFFF + H'20000000 X n
Notes: 1. Memory with interface such as SRAM or ROM.
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. With PCMCIA interface, bus width must be 8 or 16 bits.

1
2
3
4. With synchronous DRAM interfaces, bus width must be 16 or 32 bits.
5
6

. Do not access the reserved area. If the reserved area is accessed, correct operation

cannot be guaranteed.

7. When the control register in area 1 is not used for address translation by the MMU, set
the first three bits of the logical address to 101 for allocation to the P2 space.
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burst ROM
Area 1: H'04000000

Internal I/O
Area 2: H'08000000 Ordinary memory/

synchronous DRAM

Area 3: H'0C000000 Ordinary memory/
synchronous DRAM

Area 4: H'10000000
Ordinary memory

Area 5: H'14000000 Ordinary memory/ The PCMCIA interface is shared
burst ROM/PCMCIA by the memory and I/O card

Area 6: H'18000000 Ordinary memory/ The PCMCIA interface is shared
burst ROM/PCMCIA by the memory and I/O card

Figure11.3 Physical Space Allocation

Memory Bus Width: The memory bus width in the SH7729R can be set for each area. In area 0,
external pins can be used to select byte (8 bits), word (16 bits), or longword (32 bits) on power-on
reset. The correspondence between the external pins (MD4 and MD3) and the memory size is
shown in table below.

Table11.4 Correspondence between External Pins (M D4 and MD3) and Memory Size

MD4 MD3 Memory Size

0 0 Reserved (Do not set)
0 1 8 bits

1 0 16 bits

1 1 32 bits

For areas 2—6, byte, word, and longword can be chosen for the bus width using bus control register
2 (BCR2) whenever ordinary memory, ROM, or burst ROM are used. When the synchronous
DRAM interface is used, word or longword can be chosen as the bus width.

When the PCMCIA interface is used, set the bus width to byte or word. When synchronous
DRAM isconnected to both area 2 and area 3, set the same bus width for areas 2 and 3. When
using the port function, set each of the bus widths to byte or word for all areas. For more
information, see section 11.2.2, Bus Control Register 2 (BCR2).
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Shadow Space: Areas 0 and 2—6 are decoded by physical addresses A28-A26, which correspond
to areas 000 to 110. Address bits 31-29 are ignored. This means that the range of area 0 addresses,
for example, is H'00000000 to H'03FFFFFF, and its corresponding shadow space is the address
space obtained by adding to it H'20000000 x n (n = 1-6). The address range for area 7, which is
on-chip /O space, is H'1C000000 to H'1FFFFFFF. The address space H'1C000000 + H'20000000
x n—H'1FFFFFFF + H'20000000 % n (n = 0—7) corresponding to the area 7 shadow spaceis
reserved, and must not be used.

11.16 PCMCIA Support
The SH7729R supports PCM CIA standard interface specificationsin physical space areas 5 and 6.

Table11.5 PCMCIA Interface Characteristics

Item Feature

Access Random access

Data bus 8/16 bits

Memory type Mask ROM, OTPROM, EPROM, EEPROM, flash memory, SRAM
Memory capacity Maximum 32 Mbytes

1/0 space capacity Maximum 32 Mbytes

Other features Dynamic bus sizing of I/O bus width*

The PCMCIA interface can be accessed from the address translation
area or non-address translation area.

Note: * Dynamic bus sizing of the 1/0 bus width is supported only in little-endian mode.

Area 5: H'14000000 | Common memory/Attribute memory

Area 5: H'16000000 I/0 space

Area 6: H'18000000 | Common memory/Attribute memory

Area 6: H'1A000000 1/0 space

Figure11.4 PCMCIA SpaceAllocation
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Table11.6 PCMCIA Support Interface

IC Memory Card Interface I/O Card Interface
Pin Signal /O Function Signal /0 Function SH7729R Pin
1 GND — Ground GND — Ground —
2 D3 I/O Data D3 /O Data D3
3 D4 I/O Data D4 /O Data D4
4 D5 I/O Data D5 /O Data D5
5 D6 I/O Data D6 /O Data D6
6 D7 I/O Data D7 /O Data D7
7 CE1 | Card enable CE1 I Card enable CE1A or CE1B
8 A10 I Address Al10 | Address A10
9 OE I Output enable OE I Output enable RD
10 A11 I Address All | Address All
11 A9 I Address A9 | Address A9
12 A8 I Address A8 | Address A8
13 A13 I Address Al13 | Address A13
14 Al4 I Address Al4 | Address Al4
15 WE/PGM | Write enable WE/PGM | Write enable WE
16 RDY/BSY O Ready/Busy IREQ O Ready/Busy —
17  Vcc Operation power Vee Operation power —
18 VPP1 Program power VPP1 Program/ —

peripheral power

19 A1l6 I Address Al6 | Address Al6
20 Al15 I Address A15 | Address A15
21 A12 I Address Al12 | Address Al12
22 A7 I Address A7 | Address A7
23 A6 I Address A6 | Address A6
24 A5 I Address A5 | Address A5
25 A4 I Address A4 | Address A4
26 A3 I Address A3 | Address A3
27 A2 I Address A2 | Address A2
28 Al I Address Al | Address Al
29 A0 I Address AO | Address A0
30 DO I/O Data DO /O Data DO
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IC Memory Card Interface

I/O Card Interface

Pin Signal I/O  Function Signal I/0  Function SH7729R Pin

31 D1 I/O Data D1 /O Data D1

32 D2 I/O Data D2 /O Data D2

33 WP O  Write protect 101S16 O  16-bit1/O port I01S16

34 GND Ground GND Ground —

35 GND Ground GND Ground —

36 CD1 O  Card detection CD1 O Card detection —

37 D11 I/O Data D11 /O Data D11

38 D12 I/O Data D12 /0 Data D12

39 D13 I/O Data D13 /O Data D13

40 D14 I/O Data D14 /O Data D14

41 D15 I/O Data D15 /O Data D15

42 CE2 I Card enable CE2 I Card enable CE2A or CE2B

43 VST | Voltage sense 1 VSt I  Voltagesensel —

44 RFU Reserved IORD I I/O read ICIORD

45 RFU Reserved IOWR I 1/O write ICIOWR

46 Al7 I Address Al7 | Address Al7

47 Al18 I Address A18 | Address A18

48 Al9 I Address A19 | Address A19

49 A20 I Address A20 | Address A20

50 A21 I Address A21 | Address A21

51 Vcc Power supply Vee Power supply —

52 VPP2 Program power VPP2 Program/ —
peripheral power

53 A22 I Address A22 | Address A22

54 A23 I Address A23 | Address A23

55 A24 I Address A24 | Address A24

56 A25 I Address A25 | Address A25

57 VS2 | Voltage sense 2 Vs2 |  Voltage sense 2 —

58 RESET | Reset RESET I Reset —

59 WAIT O  Wait request WAIT O  Wait request —

60 RFU Reserved INPACK O Input acknowledge —
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IC Memory Card Interface

I/O Card Interface

Pin Signal I/O  Function Signal /0 Function SH7729R Pin

61 REG I Attribute memory REG | Attribute memory —
space select space select

62 BVD2 O Battery voltage SPKR O Digital voice signal —
detection

63 BVD1 O Battery voltage STSCHG O Card state —
detection change

64 D8 /O Data D8 /0 Data D8

65 D9 I/O Data D9 /0 Data D9

66 D10 /O Data D10 /0 Data D10

67 CD2 O  Card detection CD2 O Card detection —

68 GND Ground GND Ground —

11.2 BSC Registers

11.21 BusControl Register 1 (BCR1)

Bus control register 1 (BCR1) is a 16-bit readable/writable register that sets the functions and bus
cycle state for each area. It isinitialized to H'0000 by a power-on reset, but is not initialized by a
manual reset or in standby mode. Do not access external memory outside area O until BCR1
register initialization is complete.

Bit:

Initial value:
R/W:

Bit:

Initial value:
R/W:

15 14 13 12 11 10 9 8
\ PULA \ PULD ‘HIZMEM‘HIZCNT‘ENDIAN‘AOBSTl‘AOBSTO‘ASBSTl‘

0 0 0 0 0/1* 0 0 0

RW RW RW  RW R RW  RW  RW

7 6 5 4 3 2 1 0
ASBSTO | A6BST1 | A6BSTO| DRAM | DRAM | DRAM | A5 PCM | A6 PCM

P2 TP1 TPO
0 0 0 0 0 0 0 0
RW RW RW RW RW RW RW RW

Note: * Samples the value of the external pin (MD5) designating the endian in a power-on reset.
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Bit 15—Pin A25to A0 Pull-Up (PULA): Specifies whether or not pins A25 to A0 are pulled up
for 4 cyclesimmediately after BACK is asserted.

Bit 15: PULA Description
0 Not pulled up (Initial value)
1 Pulled up

Bit 14—Pin D31 to DO Pull-Up (PULD): Specifies whether or not pins D31 to DO are pulled up
when not in use.

Bit 14: PULD Description
0 Not pulled up (Initial value)
1 Pulled up

Bit 13—Hi-Z Memory Control (HIZMEM): Specifiesthe state of A25-A0, BS, CS, RD/WR,
WE/DQM, RD, CE2A, CE2B and DRAKO0/1 in standby mode.

Bit 13: HIZMEM Description
0 High impedance (Hi-Z) in standby mode
1 Driven in standby mode

Bit 12—High-Z Control (HIZCNT): Specifiesthe state of the RAS and CAS signasin standby
mode and when the busis rel eased.

Bit 12: HIZCNT Description

0 RAS and CAS signals are high-impedance (High-Z) in standby mode and
when bus is released (Initial value)

1 RAS and CAS signals are driven in standby mode and when bus is released

Bit 11—Endian Flag (ENDIAN): Samplesthe value of the external pin designating the endianin
apower-on reset. The endian for all physical spacesisdecided by this bit, which is read-only.

Bit 11: ENDIAN Description

0 (On reset) Endian setting external pin (MD5) is low. Indicates the SH7729R
is set as big-endian

1 (On reset) Endian setting external pin (MD5) is high. Indicates the SH7729R

is set as little-endian
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Bits 10 and 9—Area 0 Burst ROM Control (AOBST 1, AOBST0): Specify whether to use burst
ROM in physical space area 0. When burst ROM is used, these hits set the number of burst
transfers.

Bit 10: AOBST1 Bit 9: AOBSTO Description
0 0 Access area 0 accessed as ordinary memory
(Initial value)
1 Access area 0 accessed as burst ROM (4 consecutive

accesses). Can be used when bus width is 8, 16, or 32

1 0 Access area 0 accessed as burst ROM (8 consecutive
accesses). Can be used only when bus width is 8 or 16.
Bus width of 32 should not be selected when this setting
is used

1 Access area 0 accessed as burst ROM (16 consecutive
accesses). Can be used only when bus width is 8. Bus
width of 16 or 32 should not be selected when this
setting is used

Bits8 and 7—Area 5 Burst Enable (A5BST 1, A5BST0): Specify whether to use burst ROM
and PCMCIA burst mode in physical space area 5. When burst ROM and PCMCIA burst mode
are used, these bits set the number of burst transfers.

Bit 8: ASBST1 Bit 7: ASBSTO Description
0 0 Access area 5 accessed as ordinary memory
(Initial value)
1 Burst access of area 5 (4 consecutive accesses). Can
be used when bus width is 8, 16, or 32
1 0 Burst access of area 5 (8 consecutive accesses). Can

be used only when bus width is 8 or 16. Bus width of 32
should not be selected when this setting is used

1 Burst access of area 5 (16 consecutive accesses). Can
be used only when bus width is 8. Bus width of 16 or 32
should not be selected when this setting is used

Bits6 and 5—Area 6 Burst Enable (A6BST 1, A6BST0): Specify whether to use burst ROM
and PCMCIA burst mode in physical space area 6. When burst ROM and PCMCIA burst mode
are used, these bits set the number of burst transfers.

Rev. 5.0, 09/03, page 283 of 806
RENESAS



Bit 6: AGBST1 Bit 5: AGBSTO Description

0 0 Access area 6 accessed as ordinary memory
(initial value)
1 Burst access of area 6 (4 consecutive accesses). Can
be used when bus width is 8, 16, or 32
1 0 Burst access of area 6 (8 consecutive accesses). Can

be used only when bus width is 8 or 16. Bus width of 32
should not be selected when this setting is used

1 Burst access of area 6 (16 consecutive accesses). Can
be used only when bus width is 8. Bus width of 16 or 32
should not be selected when this setting is used

Bits4 to 2—Area 2, Area 3 Memory Type (DRAMTP2, DRAMTP1, DRAMTPO): Designate
the types of memory connected to physical space areas 2 and 3. Ordinary memory, such as ROM,
SRAM, or flash ROM, can be directly connected. Synchronous DRAM can also be directly
connected.

Bit 4: DRAMTP2 Bit 3: DRAMTP1 Bit 2: DRAMTPO Description

0 0 0 Areas 2 and 3 are ordinary memory
(Initial value)

Reserved (Setting prohibited)

1 0 Area 2: ordinary memory; area 3:
synchronous DRAM*?

1 Areas 2 and 3 are synchronous
DRAM*l *x2

Reserved (Setting prohibited)

Reserved (Setting prohibited)

ol | O

Reserved (Setting prohibited)

1 Reserved (Setting prohibited)

Notes: 1. When selecting this mode, set the same bus width for area 2 and area 3.
2. Do not access synchronous DRAM when clock ratio lgBg@= 1:1.

Bit 1—Area 5 Bus Type (A5PCM): Designates whether to access physical space area 5 as
PCMCIA space.

Bit 1: ASPCM Description
0 Physical space area 5 accessed as ordinary memory (Initial value)
1 Physical space area 5 accessed as PCMCIA space

Bit 0—Area 6 Bus Type (A6PCM): Designates whether to access physical space area 6 as
PCMCIA space.
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Bit 0: AGPCM Description

0 Physical space area 6 accessed as ordinary memory (Initial value)

1 Physical space area 6 accessed as PCMCIA space

11.2.2 BusControl Register 2 (BCR2)

Bus control register 2 (BCR2) is a 16-bit readable/writable register that selects the bus size of each
area. It isinitialized to H'3FFO by a power-on reset, but is not initialized by a manual reset or in
standby mode. Do not access external memory outside area 0 until BCR2 register initialization is
complete.

Bit. 15 14 13 12 11 10 9 8
\ — \ — \ A6SZ1 \ ABSZ0 \ A5SZ1 \ A5SZ0 \ A4SZ1 \ AA4SZ0 \
Initial value: 0 0 1 1 1 1 1 1
RW: R R RW RW RW RW RW RW
Bit. 7 6 5 4 3 2 1 0
\ A3SZ1 \ A3SZ0 \ A2S71 \ A2SZ0 \ — \ — \ — \ — \
Initial value: 1 1 1 1 0 0 0 0

RW: RW R/W R/W R/W
Bits 15, 14, 3, 2, 1, and 0—Reserved: These bits are always read as 0. The write value should
always be 0.

Bits2n + 1, 2n—Area n (2-6) Bus Size Specification (AnSZ1, AnSZ0): Specify the bus size of
physical space arean (n =210 6).

Bit 2n + 1: AnSZ1 Bit 2n: AnSZ0 Port A/B Description
0

Not used Reserved (Setting prohibited)
Byte (8-bit) size
Word (16-hit) size
Longword (32-bit) size

Used Reserved (Setting prohibited)
Byte (8-bit) size
Word (16-bit) size
Reserved (Setting prohibited)

o
P O|lFRr|O|FR,|O|FL|O
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11.23 Wait State Control Register 1 (WCR1)

Wait state control register 1 (WCRL1) is a 16-bit readable/writable register that specifies the
number of idle (wait) state cyclesinserted for each area. For some memories, data bus drive may
not be turned off quickly even when the read signal from the external deviceis turned off. This
can result in conflicts between data buses when consecutive memory accesses are to different
memories or when awrite immediately follows a memory read. The SH7729R automatically
inserts the number of idle states set in WCR1 in those cases.

WCR1 isinitialized to H'3FF3 by a power-on reset. It is not initialized by a manual reset or in
standby mode.

Bitt 15 14 13 12 11 10 9 8
WAITSE| — | A6lw1 | A6lwo | Asiw1 | Asiwo | A4iw1 | A4iwo
L
Initial value: 0 0 1 1 1 1 1 1
RW: RMW R RIW RIW RIW RIW RIW RIW
Bit: 7 6 5 4 3 2 1 0
\ A3IW1 \ A3IWO0 \ A2IW1 \ A2IWO0 \ — \ — \ AOIW1 \ AOIWO \
Initial value: 1 1 1 1 0 0 1 1
RW: RMW RIW RIW RIW R R RIW RIW

Bit 15—WAIT Sampling Timing Select (WAITSEL): Specifiesthe WAIT signal sampling
timing.

Bit 15: WAITSEL  Description

0 Setting to 1 when using the WAIT signal® (Initial value)
1 Sampled WAIT signal at fall of CKIO
Note: * Operation is not guaranteed if WAIT is asserted while WAITSEL = 0.

Bits 14, 3, and 2 —Reserved: These bits are always read as 0. The write value should always be
0.
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Bits2n + 1, 2n—Arean (6-2, 0) Intercycle I dle Specification (AnIW1, AnlWQ): Specify the
number of idles inserted between bus cycles when switching between physical space arean (6-2,
0) and another space or between aread access and a write access in the same physical space.

Bit 2n + 1: AnIW1 Bit 2n: AnIWO Description
0 0 1 idle cycle inserted
1 1 idle cycle inserted
1 0 2 idle cycles inserted
1 3 idle cycles inserted (Initial value)

11.24 Wait State Control Register 2 (WCR?2)

Wait state control register 2 (WCR?2) is a 16-bit readable/writable register that specifies the
number of wait state cyclesinserted for each area. It also specifies the data access pitch for burst
memory accesses. This allows direct connection of even low-speed memories without an external
circuit. WCR2 isinitialized to H'FFFF by a power-on reset. It isnot initialized by a manual reset
or in standby mode.

Bitt 15 14 13 12 11 10 9 8
\ AG W2 \ A6 W1 \ A6 WO \ A5 W2 \ A5 W1 \ A5 WO \ A4 W2 \ A4 W1 \
Initial value: 1 1 1 1 1 1 1 1

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

Bit: 7 6 5 4 3 2 1 0
\ A4 WO \ A3 W1 \ A3 WO \ A2 W1 \ A2 WO \ AO W2 \ AOW1 \ A0 WO \
Initial value: 1 1 1 1 1 1 1 1

R/W:  RW R/W R/W R/W R/W R/W R/W R/W
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Bits 15to 13—Area 6 Wait Control (A6W2, A6W1, A6WO0): Specify the number of wait states
inserted in physical space area 6. Also specify the burst pitch for burst transfer.

Description
Burst Cycle
First Cycle (Excluding First Cycle)
Bit 15: Bit14: Bit13: Inserted L Number of States

ABW2 A6W1 A6WO0  Wait States WAIT Pin Per Data Transfer  WAIT Pin

0 0 0 0 Disabled 2 Enabled

1 1 Enabled 2 Enabled

1 0 2 Enabled 3 Enabled

1 3 Enabled 4 Enabled

1 0 0 4 Enabled 4 Enabled

1 6 Enabled 6 Enabled

1 0 8 Enabled 8 Enabled

1 10 Enabled 10 Enabled

(Initial value)

Bits 12 to 10—Area 5 Wait Control (A5W2, ASW1, ASWO0): Specify the number of wait states
inserted in physical space area 5. Also specify the burst pitch for burst transfer.

Description
Burst Cycle
First Cycle (Excluding First Cycle)
Bit 12: Bit11: Bit10: Inserted L Number of States

A5W2 A5W1 A5BWO0  Wait States WAIT Pin Per Data Transfer  WAIT Pin

0 0 0 0 Disabled 2 Enabled

1 1 Enabled 2 Enabled

1 0 2 Enabled 3 Enabled

1 3 Enabled 4 Enabled

1 0 0 4 Enabled 4 Enabled

1 6 Enabled 6 Enabled

1 0 8 Enabled 8 Enabled

1 10 Enabled 10 Enabled

(Initial value)
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Bits9to 7—Area 4 Wait Control (A4W2, AAW 1, AAWO0): Specify the number of wait states

inserted in physical space area 4.

Description

Bit 9: A4W2 Bit 8: A4W1 Bit 7: A4WO Inserted Wait State WAIT Pin
0 0 0 0 Ignored
1 1 Enabled
1 0 2 Enabled
1 3 Enabled
1 0 0 4 Enabled
1 6 Enabled
1 0 8 Enabled
1 10 Enabled

(Initial value)

Bits6 and 5—Area 3 Wait Control (A3W1, A3WO0): Specify the number of wait states inserted

in physical space area 3.

» For Ordinary Memory

Description
Bit 6: A3W1 Bit 5: A3WO Inserted Wait States ~ WAIT Pin
0 0 0 Ignored
1 1 Enabled
1 0 2 Enabled
1 3 Enabled (Initial value)
» For Synchronous DRAM
Description
Bit 6: A3W1 Bit 5: A3WO0 Synchronous DRAM: CAS Latency
0 0 1
1 1
1 0 2
1 3 (Initial value)
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Bits4 and 3—Area 2 Wait Control (A2W1, A2WO0): Specify the number of wait states inserted
in physical space area 2.

» For Ordinary Memory

Description
Bit 4: A2W0 Bit 3: A2W0 Inserted Wait States WAIT Pin
0 0 0 Ignored
1 1 Enabled
1 0 2 Enabled
1 3 Enabled (Initial value)
» For Synchronous DRAM
Description
Bit 4: A2W1 Bit 3: A2WO0 Synchronous DRAM: CAS Latency
0 0 1
1 1
1 0 2
1 3 (Initial value)

Bits2to 0—Area 0 Wait Control (AOW2, AOW 1, AOWO0): Specify the number of wait states
inserted in physical space area 0. Also specify the burst pitch for burst transfer.

Description
Burst Cycle
First Cycle (Excluding First Cycle)
Bit2:  Bit 1: Bit O: Inserted _ Number of States _

AOW2 AOW1 AOWO  Wait States WAIT Pin Per Data Transfer  WAIT Pin

0 0 0 0 Ignored 2 Enabled

1 1 Enabled 2 Enabled

1 0 2 Enabled 3 Enabled

1 3 Enabled 4 Enabled

1 0 0 4 Enabled 4 Enabled

1 6 Enabled 6 Enabled

1 0 8 Enabled 8 Enabled

1 10 Enabled 10 Enabled

(Initial value)
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11.25 Individual Memory Control Register (M CR)

The individual memory control register (MCR) is a 16-bit readable/writable register that specifies
RAS and CAS timing and burst control for synchronous DRAM (areas 2 and 3), specifies address
multiplexing, and controls refresh. This enables direct connection of synchronous DRAM without
external circuits.

MCRisinitialized to H'0000 by a power-on reset, but is not initialized by amanual reset or in
standby mode. Bits TPC1-TPCO, RCD1-RCDO0, TRWL1-TRWLO, TRAS1I-TRASO, RASD, BE,
AMX2-AMXO0, and EDOMODE are written to in the initialization after a power-on reset and
should not then be modified again. When RFSH and RMODE are written to, write the same values
to the other bits. When using synchronous DRAM, do not access areas 2 and 3 until thisregister is
initialized.

Bitt 15 14 13 12 11 10 9 8
\ TPC1 \ TPCO \ RCD1 \ RCDO ‘TRWLl \ TRWLO \ TRAS1 \ TRASO \
Initial value: 0 0 0 0 0 0 0 0

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

Bit: 7 6 5 4 3 2 1 0
\ RASD \ AMX3 \ AMX2 \ AMX1 \ AMXO \ RFSH ‘RMODE‘ — \
Initial value: 0 0 0 0 0 0 0 0

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

Bits 15 and 14—RAS Precharge Time (TPC1, TPCOQ): When synchronous DRAM interfaceis
selected as connected memory, they set the minimum number of cycles until output of the next
bank-active command after precharge. However, the number of cyclesinput immediately after the
issue of an al-bank-precharge command (PALL) in the case of an auto-refresh or a precharge
command (PRE) in the bank active mode is one fewer than the normal value. TPC1 should not be
set to 0 and TPCO to 1 in the bank active mode.

Description
Bit 15: Bit 14: Immediately after Immediately after
TPC1 TPCO Normal Operation Precharge Command”  Self-Refresh
0 0 1 cycle (Initial value) 0 cycle (Initial value) 2 cycles (Initial value)
1 2 cycles 1 cycle 5 cycles
1 0 3 cycles 2 cycles 8 cycles
1 4 cycles 3 cycles 11 cycles

Note: * Immediately after all-bank-precharge (PALL) in the case of an auto-refresh or precharge
(PRE) in the bank active mode.
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Bits 13 and 12—RAS-CAS Delay (RCD1, RCDOQ): When synchronous DRAM interfaceis
selected as connected memory, these bits set the bank active read/write command delay time.

Bit 13: RCD1 Bit 12: RCDO Description

0 0 1 cycle (Initial value)
1 2 cycles

1 0 3 cycles
1 4 cycles

Bits 11 and 10—Write-Precharge Delay (TRWL 1, TRWLOQ): Set the synchronous DRAM
write-precharge delay time. This designates the time between the end of awrite cycle and the next
bank-active command. This setting is valid only when synchronous DRAM is connected. After the
write cycle, the next bank-active command is not issued for the period TPC + TRWL.

Bit 11: TRWL1 Bit 10: TRWLO Description

0 0 1 cycle (Initial value)
1 2 cycles

1 0 3 cycles
1 Reserved (Setting prohibited)

Bits9 and 8—CAS-Before-RAS Refresh RAS Assert Time (TRASL, TRASO): When
synchronous DRAM interface is selected as a connected memory, no bank-active command is
issued during the period TPC + TRAS after an auto-refresh command.

Bit 9: TRAS1 Bit 8: TRASO Description

0 0 2 cycles (Initial value)
1 3 cycles

1 0 4 cycles
1 5 cycles

Bit 7—Synchronous DRAM Bank Active (RASD): Specifies whether synchronous DRAM is
used in bank active mode or auto-precharge mode. Set auto-precharge mode when areas 2 and 3
are both designated as synchronous DRAM space. The bank active mode should not be used
unless the bus width for all areasis 32 bits.

Bit 7: RASD Description
0 Auto-precharge mode (Initial value)
1 Bank active mode
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Bits6 to 3—Address M ultiplex (AM X3, AMX2, AM X1, AM X0): Specify address multiplexing

for synchronous DRAM.

For Synchronous DRAM Interface:

Bit6: Bit5: Bit 4:
AMX3 AMX2 AMX1

Bit 3:

AMXO0 Description

1 1 0

1

The row address begins with A10 (The A10 value is output at
Al when the row address is output. 4M x 16-bit x 4-bank
products)

The row address begins with A11 (The A1l value is output at
Al when the row address is output. 8M x 16-bit x 4-bank
products) **

The row address begins with A9 (The A9 value is output at A1
when the row address is output. 1M x 16-bit x 4-bank
products) (Initial value)

The row address begins with A10 (The A10 value is output at
Al when the row address is output. 2M x 8-bit x 4-bank
products, 2M x 16-bit x 4-bank products)

The row address begins with A9 (The A9 value is output at Al
when the row address is output. 512k x 32-bit x 4-bank
products) *?

Begin synchronous DRAM access after setting AMX3 to 0 =

*1**

Values except above

Reserved (Setting prohibited)

Notes: 1. Can only be set when using a 16-bit bus width.
2. Can only be set when using a 32-bit bus width.

Bit 2—Refresh Control (RFSH): The RFSH bit determines whether or not synchronous DRAM
refresh operations are is performed. If the refresh function is not used, the timer for generation of
periodic refresh requests can also be used as an interval timer.

Bit 2: RFSH Description
0 No refresh (Initial value)
1 Refresh
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Bit 1—Refresh Mode (RM ODE): Selects whether to perform an ordinary refresh or a self-
refresh when the RFSH bit is 1. When the RFSH bit is 1 and this bit is O, an auto-refresh is
performed on synchronous DRAM at the period set by refresh-related registers RTCNT, RTCOR,
and RTCSR. When arefresh request occurs during an external bus cycle, the refresh cycleis
performed after the bus cycle ends. When the RFSH bit is 1 and this bit isaso 1, the synchronous
DRAM will wait for the end of any executing external bus cycle before going into a self-refresh.
All refresh requests to memory that is in the self-refresh state are ignored.

Bit 1: RMODE Description
0 Auto refresh (RFSH must be 1) (Initial value)
1 Self-refresh (RFSH must be 1)

Bit 0—Reserved: Thisbit isaways read as 0. Thewrite value should always be 0.

11.2.6 PCMCIA Control Register (PCR)

The PCMCIA control register (PCR) is a 16-bit readable/writable register that specifies the
assertion and negation timing of the OE and WE signals for the PCM CI A interface connected to
areas 5 and 6. The OE and WE signal assertion width is set by the wait control bits in the WCR2
register.

PCR isinitialized to H'0000 by a power-on reset, but is not initialized, and retains its contents, in a
manual reset and in standby mode.

Bit: 15 14 13 12 11 10 9 8
\ ABW3 \ ASW3 \ — \ — ‘ASTEDZ‘AGTEDZ‘ASTEHZ‘AGTEHZ‘
Initial value: 0 0 0 0 0 0 0 0

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

Bit: 7 6 5 4 3 2 1 0
\ ASTED1 \ ASTEDO \ A6TED1 \ AGTEDO \ ASTEH1 \ ASTEHO \ A6TEH1 \ AGTEHO \
Initial value: 0 0 0 0 0 0 0 0

R/W:  RW R/W R/W R/W R/W R/W R/W R/W
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Bit 15—Area 6 Wait Control (A6W 3): Specifies the number of inserted wait states for area 6
combined with bits ABW2-A6WO0 in WCR2. Also specifies the number of transfer statesin burst
transfer. Clear thisbit to O when area 6 is not set to PCMCIA.

First Cycle Burst Cycle
Number of
States per
Inserted Wait _ One-data _
A6W3 A6W2 A6W1 A6WO  States WAIT Pin Transfer WAIT Pin
0 0 0 0 0 Ignored 2 Enabled
0 0 0 1 1 Enabled 2 Enabled
0 0 1 0 2 Enabled 3 Enabled
0 0 1 1 3 Enabled 4 Enabled
0 1 0 0 4 Enabled 5 Enabled
0 1 0 1 6 Enabled 7 Enabled
0 1 1 0 8 Enabled 9 Enabled
0 1 1 1 10 Enabled 11 Enabled
(Initial value)
1 0 0 0 12 Enabled 13 Enabled
1 0 0 1 14 Enabled 15 Enabled
1 0 1 0 18 Enabled 19 Enabled
1 0 1 1 22 Enabled 23 Enabled
1 1 0 0 26 Enabled 27 Enabled
1 1 0 1 30 Enabled 31 Enabled
1 1 1 0 34 Enabled 35 Enabled
1 1 1 1 38 Enabled 39 Enabled

Bit 14—Area 5 Wait Control (A5W3): Specifies the number of inserted wait states for area 5
combined with bits ABW2-A5W0 in WCR2. Also specifies the number of transfer statesin burst
transfer. Clear this bit to O when area 5 is not set to PCM CIA.

The relationship between the set value and the number of waitsisthe same as for AGW3.

Bits 13 and 12—Reserved: These bits are always read as 0. The write value should always be 0.

Rev. 5.0, 09/03, page 295 of 806
RENESAS



Bits 11, 7, and 6—Area 5 Address OE/WE Assert Delay (ASTED2, ASTED1, A5TEDO):
Specify the delay time from address output to OE/WE assertion for the PCMCIA interface

connected to area 5.
Bit 11: Bit 7: Bit 6:
AS5TED2 AS5TED1 AS5TEDO Description
0 0 0 0.5-cycle delay (Initial value)
1 1.5-cycle delay
1 0 2.5-cycle delay
1 3.5-cycle delay
1 0 0 4.5-cycle delay
1 5.5-cycle delay
1 0 6.5-cycle delay
1 7.5-cycle delay

Bits 10, 5, and 4—Area 6 Address OE/WE Assert Delay (A6TED2, AGTED1, AGTEDO): The
ABTED bits specify the delay time from address output to OE/WE assertion for the PCMCIA
interface connected to area 6.

Bit 10: Bit 5: Bit 4:
A6TED2 AG6TED1 AG6TEDO Description
0 0 0 0.5-cycle delay (Initial value)
1 1.5-cycle delay
1 0 2.5-cycle delay
1 3.5-cycle delay
1 0 0 4.5-cycle delay
1 5.5-cycle delay
1 0 6.5-cycle delay
1 7.5-cycle delay
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Bits 9, 3, and 2—Area 5 OE/WE Negate Address Delay (ASTEH2, ASTEH1, ASTEHO):
Specify the address hold delay time from OE/WE negation for the PCMCIA interface connected to
area 5.

Bit 9: Bit 3: Bit 2:
AS5TEH2 AS5TEH1 AS5TEHO Description
0 0 0 0.5-cycle delay (Initial value)
1 1.5-cycle delay
1 0 2.5-cycle delay
1 3.5-cycle delay
1 0 0 4.5-cycle delay
1 5.5-cycle delay
1 0 6.5-cycle delay
1 7.5-cycle delay

Bits 8, 1, and 0—Area 6 OE/WE Negate Address Delay (A6TEH2, AGTEH1, A6TEHO):
Specify the address hold delay time from OE/WE negation for the PCMCIA interface connected to
area 6.

Bit 8: Bit 1: Bit 0:
A6TEH2 A6TEH1 AG6TEHO Description
0 0 0 0.5-cycle delay (Initial value)
1 1.5-cycle delay
1 0 2.5-cycle delay
1 3.5-cycle delay
1 0 0 4.5-cycle delay
1 5.5-cycle delay
1 0 6.5-cycle delay
1 7.5-cycle delay
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11.2.7  Synchronous DRAM Mode Register (SDMR)

The synchronous DRAM mode register (SDMR) is an 8-bit write-only register that is written to
viathe synchronous DRAM address bus. It sets synchronous DRAM mode for areas 2 and 3.
SDMR is undefined after a power-on reset. The register contents are not initialized by a manual
reset or in standby mode; values remain unchanged.

Writes to the synchronous DRAM mode register use the address bus rather than the data bus. If
the value to be set is X and the SDMR addressis Y, the value X is written in the synchronous
DRAM mode register by writing in address X + Y. Since, with a 32-bit bus width, A0 of the
synchronous DRAM is connected to A2 of the chip and A1 of the synchronous DRAM is
connected to A3 of the chip, the value actually written to the synchronous DRAM isthe X value
shifted two bits right. With a 16-bit bus width, the value written is the X value shifted one bhit
right. For example, with a 32-hit bus width, when H'0230 is written to the SDMR register of area
2, random data is written to the address H'FFFFDOO0O (address Y) + H'08CO (value X), or
H'FFFFD8CO. As aresult, H'0230 is written to the SDMR register. The range for value X is
H'0000 to H'OFFC. When H'0230 is written to the SDMR register of area 3, random data iswritten
to the address H'FFFFEQQO (address Y) + H'08CO (value X), or H'FFFFE8BCO0. As aresult, H'0230
iswritten to the SDMR register. The range for value X is H'0000 to H'OFFC.

Bit: 31 12 11 10 9 8

‘ SDMR address ‘ — ‘ — ‘ _ ‘ _

Initial value: — e — — — — —
RIW: — — w* w* W W

Bit: 7 6 5 4 3 2 1 0
-l -1 -1T-T=-1T-1=1=

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

Note: * Depending on the type of synchronous DRAM.
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11.2.8 Refresh Timer Control/Status Register (RTCSR)

The refresh timer control/status register (RTCSR) is a 16-bit readable/writable register that
specifies the refresh cycle, whether to generate an interrupt, and the cycle of that interrupt. It is
initialized to H'0000 by a power-on reset, but isnot initialized by a manual reset or in standby
mode. Make the RTCOR setting before setting bits CKS2 to CKS0 in RTCSR.

Note: The method of writing to RTCSR differs from that for general registers to ensure that
RTCSR is not rewritten incorrectly. Use aword transfer instruction to set the upper byte as
B'10100101 and the lower byte as the write data. For details, see section 11.2.12, Cautions
on Accessing Refresh Control Related Registers.

Bitt 15 14 13 12 11 10 9 8
-l -1-1T-7T-=-7T=-1=-7T="1
Initial value: 0 0 0 0 0 0 0 0
R/W:
Bit: 7 6 5 4 3 2 1 0
\ CMF \ CMIE \ CKS2 \ CKS1 \ CKSO \ OVF \ OVIE \ LMTS \
Initial value: 0 0 0 0 0 0 0 0

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

Bits 15 to 8—Reserved: These bits are always read as 0. The write value should always be 0.
Bit 7—Compare Match Flag (CMF): Indicates that the values of RTCNT and RTCOR match.

Bit 7: CMF Description
0 The values of RTCNT and RTCOR do not match (Initial value)

Clearing condition: When a refresh is performed after O has been written to
CMF and RFSH =1 and RMODE = 0 (to perform a CBR refresh)

1 The values of RTCNT and RTCOR match
Setting condition: RTCNT = RTCOR*

Note: * Contents do not change when 1 is written to CMF.

Bit 6—Compare Match Interrupt Enable (CMIE): Enables or disables an interrupt request
caused when CMFin RTCSR is set to 1. Do not set this bit to 1 when using auto-refresh.

Bit 6: CMIE Description
0 Interrupt request by CMF is disabled (Initial value)
1 Interrupt request by CMF is enabled
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Bits5to 3—Clock Select Bits (CKS2 to CK S0): Select the clock input to RTCNT. The source
clock isthe external bus clock (BCLK). The RTCNT count clock is CKIO divided by the specified
ratio. RTCOR must be set before setting CK S2—CK SO.

Description
Bit 5: CKS2 Bit 4. CKS1 Bit 3: CKSO Normal external bus clock

0 0 0 Clock input disabled
1 Bus clock (CKIO)/4
1 0 CKIO/16
1 CKlO/64
1 0 0 CKI0O/256
1 CK10/1024
1 0 CKl0/2048
1 CKI10/4096

Bit 2—Refresh Count Overflow Flag (OVF): Indicates when the number of refresh requests
indicated in the refresh count register (RFCR) exceeds the limit set inthe LMTS bit in RTCSR.

Bit 2: OVF Description

0 RFCR has not exceeded the count limit value set in LMTS (Initial value)

Clearing condition: When 0 is written to OVF

1 RFCR has exceeded the count limit value set in LMTS

Setting condition: When the RFCR value has exceeded the count limit value
set in LMTS*

Note: * Contents do not change when 1 is written to OVF.

Bit 1—Refresh Count Overflow Interrupt Enable (OVIE): Selects whether to suppress
generation of interrupt requests by the OVF bit in RTCSR when OVF isset to 1.

Bit 1: OVIE Description
0 Interrupt request by OVF is disabled (Initial value)
1 Interrupt request by OVF is enabled
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Bit 0—Refresh Count Overflow Limit Select (LMTS): Indicates the count limit value to be
compared to the number of refreshesindicated in the refresh count register (RFCR). When the
value in RFCR overflows the value specified by LMTS, the OVF flag is set.

Bit 0: LMTS Description
0 Count limit value is 1024 (Initial value)
1 Count limit value is 512

11.29 Refresh Timer Counter (RTCNT)

RTCNT isa 16-hit register containing a readable/writable 8-bit counter that counts up on an input
clock. The clock select bits (CKS2—CK S0) in RTCSR select the input clock. When RTCNT
matches RTCOR, the CMF bit in RTCSR isset and RTCNT is cleared. RTCNT isinitialized to
H'00 by a power-on reset, but continues incrementing after amanual reset. It isnot initialized in
standby mode, but holdsits contents.

Note: The method of writing to RTCNT differs from that for general registers to ensure that
RTCNT is not rewritten incorrectly. Use aword transfer instruction to set the upper byte
as B'10100101 and the lower byte as the write data. For details, see section 11.2.12,
Cautions on Accessing Refresh Control Related Registers.

Bit: 15 14 13 12 11 10 9 8

Initial value: ‘ 0 ‘ 0 ‘ 0 ‘ 0 ‘ 0 ‘ 0 ‘ 0 ‘ 0
RIW: — — — — — — — —

Bit: 7 6 5 4 3 2 1 0

Initial value: ‘ 0 ‘ 0 ‘ 0 ‘ 0 ‘ 0 ‘ 0 ‘ 0 ‘ 0

R/W:  RW R/W R/W R/W R/W R/W R/W R/W
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11.2.10 Refresh Time Constant Register (RTCOR)

The refresh time constant register (RTCOR) is a 16-bit register with a readable/writable lower 8
bits. The values of RTCOR and RTCNT (lower 8 hits) are constantly compared. When the values
match, the compare match flag (CMF) in RTCSR is set and RTCNT is cleared to 0. When the
refresh bit (RFSH) in the individual memory control register (MCR) is set to 1 and the refresh
mode is set to auto refresh, a memory refresh cycle occurs when the CMF bit isset. RTCOR is
initialized to H'00 by a power-on reset. It is not initialized by a manual reset or in standby mode,
but holds its contents. Make the RTCOR setting before setting bits CKS2 to CKS0 in RTCSR.

Note: The method of writing to RTCOR differs from that for general registers to ensure that
RTCOR is not rewritten incorrectly. Use aword transfer instruction to set the upper byte
as B'10100101 and the lower byte as the write data. For details, see section 11.2.12,
Cautions on Accessing Refresh Control Related Registers.

Bit: 15 14 13 12 11 10 9 8

Initial value: ‘ 0 ‘ 0 ‘ 0 ‘ 0 ‘ 0 ‘ 0 ‘ 0 ‘ 0
RIW: — — — — — — — —

Bit: 7 6 5 4 3 2 1 0

Initial value: ‘ 0 ‘ 0 ‘ 0 ‘ 0 ‘ 0 ‘ 0 ‘ 0 ‘ 0

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

11.211 Refresh Count Register (RFCR)

The refresh count register (RFCR) is a 16-bit register containing a readable/writable 10-bit counter
that increments every time RTCOR and RTCNT match. When RFCR exceeds the count limit
value setinthe LMTSbit in RTCSR, the OVF bitin RTCSR is set and RFCR iscleared. RFCR is
initialized to H'0000 by a power-on reset. It is not initialized by a manual reset or in standby
mode, but holdsits contents.

Note: The method of writing to RFCR differs from that for general registersto ensure that RFCR
is not rewritten incorrectly. Use aword transfer instruction to set the six bits starting from
the MSB in the upper byte as B'101001, and the remaining bits as the write data. For
details, see section 11.2.12, Cautions on Accessing Refresh Control Related Registers.
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Bit: 15 14 13 12 11 10 9 8

Initial value: 0 0 0 0 0 0 0 0
R/W: — — — — — — R/W R/W
Bit: 7 6 5 4 3 2 1 0
| | | | | | | | |
Initial value: 0 0 0 0 0 0 0 0

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

11.2.12 Cautionson Accessing Refresh Control Related Registers

RFCR, RTCSR, RTCNT, and RTCOR require that a specific code be appended to the data when it
iswritten to prevent datafrom being mistakenly overwritten by program overruns or other write
operations (figure 11.5). Perform reads and writes using the following methods:

1. Whenwriting to RFCR, RTCSR, RTCNT, and RTCOR, use only word transfer instructions.
Byte transfer instructions cannot be used.
When writing to RTCNT, RTCSR, or RTCOR, place B'10100101 in the upper byte and the
write datain the lower byte. When writing to RFCR, place B'101001 in the upper 6 bits and
the write data in the remaining bits, as shownin figure 11.5.

2. Whenreading from RFCR, RTCSR, RTCNT, and RTCOR, carry out reads with a 16-bit
width. 0 isread from undefined bits.

15 8 7 0

RTCSR,RTCNT, | 1 [ o [1 [o|o[1][o0] 1] Write data |
RTCOR

15 10 9 0

RFCR[1 [o|1]o]o]1] Write data |

Figure11.5 Writingto RFCR, RTCSR, RTCNT, and RTCOR
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11.2.13 MCS0 Control Register (M CSCRO)

The MCSO0 control register (MCSCRO) is a 16-bit readable/writable register that specifiesthe

MCSI0] pin output conditions.

MCSCRO isinitialized to H'0000 by a power-on reset, but is not initialized by amanual reset or in
standby mode.

Asthe MCSJ0] pin is multiplexed as the PTCO pin, when using the pin as MCS[0], bits
PCOMDIJ1:0] in the PCCR register should be set to 00 (other function).

Bit: 15 14 13 12 11 10 9 8

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

Bit: 7 6 5 4 3 2 1 0
\ — \ CS2/0 \ CAP1 \ CAPO \ A25 \ A24 \ A23 \ A22 \
Initial value: 0 0 0 0 0 0 0 0

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

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

Bit 6—CS2/CS0 Select (CS2/0): Selects whether an area 2 or area 0 address is to be decoded.

Bit 6: CS2/0 Description
0 Area O is selected
1 Area 2 is selected

Note that the CS2/0 bit in MCSCR should always be cleared to 0 (area O selected).

Bits 5 and 4—Connected Memory Size Specification (CAP1, CAPO)

Bit 5: CAP1 Bit 4: CAPO Description

0 0 32-Mbit memory is connected
0 1 64-Mbit memory is connected
1 0 128-Mbit memory is connected
1 1 256-Mbit memory is connected

Bits3to 0—Start Address Specification (A25, A24, A23, A22): These bits specify the start

address of the memory area for which MCS[0] is asserted.
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11.2.14 MCSL1 Control Register (MCSCR1)
The MCS1 control register (MCSCR1) specifies the MCS[1] pin output conditions.

The bit configuration and functions are the same as those of MCSCRO.

11.2.15 MCS2 Control Register (MCSCR2)
The MCS2 control register (MCSCR2) specifies the MCS[2] pin output conditions.

The bit configuration and functions are the same as those of MCSCRO.

11.2.16 MCS3 Control Register (MCSCR3)
The MCS3 control register (MCSCR3) specifies the MCS[3] pin output conditions.

The bit configuration and functions are the same as those of MCSCRO.

11.2.17 MC$A Control Register (MCSCR4)
The MC$4 control register (MCSCR4) specifies the MCS[4] pin output conditions.

The bit configuration and functions are the same as those of MCSCRO.

11.2.18 MCS5 Control Register (M CSCR5)
The MCS5 control register (MCSCRS) specifies the MCS[5] pin output conditions.

The bit configuration and functions are the same as those of MCSCRO.

11.2.19 MCS6 Control Register (M CSCR®6)
The MCS6 control register (MCSCR6) specifies the MCS[6] pin output conditions.

The bit configuration and functions are the same as those of MCSCRO.

11.2.20 MCS7 Control Register (MCSCR7)
The MCS7 control register (MCSCR7) specifies the MCS[7] pin output conditions.

The bit configuration and functions are the same as those of MCSCRO.
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11.3 BSC Operation

11.31 Endian/Access Size and Data Alignment

The SH7729R supports both big endian, in which the 0 address is the most significant byte in the
byte data, and little endian, in which the 0 address is the |east significant byte. Switching between
the two is designated by an external pin (MD5 pin) at the time of a power-on reset. After a power-
on reset, big endian is engaged when MD5 islow; little endian is engaged when MD5 is high.

Three data bus widths are available for ordinary memory (byte, word, longword) and two data bus
widths (word and longword) for synchronous DRAM. For the PCMCIA interface, choose from
byte and word. This means data alignment is done by matching the device' s datawidth and
endian. The access unit must also be matched to the device' s bus width. This also means that when
longword datais read from a byte-width device, four read operations must be performed. In the
SH7729R, data alignment and conversion of data length is performed automatically between the
respective interfaces.

Tables 11.7 to 11.12 show the relationship between endian, device data width, and access unit.

Table11.7 32-Bit External Device/Big-Endian Access and Data Alignment

Data Bus Strobe Signals
WES3, WE2, WET1, WEQO,

Operation D31-D24 D23-D16 D15-D8 D7-DO DQMUU  DQMUL DQMLU DQMLL
Byte access  Data — — — Asserted
at0 7-0
Byte access — Data — — Asserted
atl 7-0
Byte access — — Data — Asserted
at 2 7-0
Byte access — — — Data Asserted
at3 7-0
Word access Data Data — — Asserted  Asserted
ato0 15-8 7-0
Word access — — Data Data Asserted  Asserted
at 2 15-8 7-0
Longword Data Data Data Data Asserted  Asserted Asserted Asserted
access at 0 31-24 23-16 15-8 7-0
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Table11.8 16-Bit External Device/Big-Endian Access and Data Alignment

Data Bus Strobe Signals
D31- D23- WES3, WE2, WET1, WEDO,
Operation D24 D16 D15-D8 D7-DO DQMUU DQMUL DQMLU DQMLL
Byte access at 0 — — Data — Asserted —
7-0
Byte access at 1 — — — Data Asserted
7-0
Byte access at 2 — — Data — Asserted —
7-0
Byte access at 3 — — — Data Asserted
7-0
Word access at 0 — — Data Data Asserted  Asserted
15-8 7-0
Word access at 2 — — Data Data Asserted  Asserted
15-8 7-0
Longword 1sttime — — Data Data Asserted  Asserted
access at0 31-24 23-16
ato 2nd time — — Data Data Asserted  Asserted
at 2 15-8 7-0
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Table11.9 8-Bit External Device/Big-Endian Access and Data Alignment

Data Bus Strobe Signals
D31- D23- Di5- WES3, WE2, WET1, WEQ,

Operation D24 D16 D8 D7-DO DOMUU  DQMUL DQMLU DQMLL
Byte access at 0 — — — Data 7-0 Asserted
Byte access at 1 — — — Data 7-0 Asserted
Byte access at 2 — — — Data 7-0 Asserted
Byte access at 3 — — — Data 7-0 Asserted
Word access 1sttime — — — Data Asserted
ato ato 15-8

2nd time — — — Data Asserted

atl 7-0
Word access 1sttime — — — Data Asserted
at 2 at 2 15-8

2nd time — — — Data Asserted

at3 7-0
Longword 1sttime — — — Data Asserted
accessat0 atO 31-24

2nd time — — — Data Asserted

atl 23-16

3rd time — — — Data Asserted

at 2 15-8

4th time — — — Data Asserted

at3 7-0
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Table 11.10 32-Bit External Device/L ittle-Endian Access and Data Alignment

Data Bus Strobe Signals
WES, WE2, WET1, WEDO,
Operation D31-D24 D23-D16 D15-D8 D7-DO DOQMUU  DQMUL DOQMLU  DQMLL
Byte access — — — Data Asserted
ato0 7-0
Byte access — — Data — Asserted
at 1 7-0
Byte access — Data — — Asserted
at 2 7-0
Byte access Data — — — Asserted
at 3 7-0
Word access — — Data Data Asserted  Asserted
ato0 15-8 7-0
Word access Data Data7-0 — — Asserted  Asserted
at 2 15-8
Longword Data Data Data Data Asserted Asserted Asserted Asserted
access at0 31-24 23-16 15-8 7-0
Table 11.11 16-Bit External Device/Little-Endian Access and Data Alignment
Data Bus Strobe Signals
D31- D23- WES, WE2, WET1, WEDO,
Operation D24 D16 D15-D8 D7-DO DQMUU DQMUL DQMLU DQMLL
Byte access at 0 — — — Data Asserted
7-0

Byte access at 1 — — Data — Asserted

7-0
Byte access at 2 — — — Data Asserted

7-0

Byte access at 3 — — Data — Asserted

7-0
Word access at 0 — — Data Data Asserted  Asserted

15-8 7-0
Word access at 2 — — Data Data Asserted  Asserted

15-8 7-0
Longword 1sttime — — Data Data Asserted  Asserted
access at0 15-8 7-0
ato 2nd time — — Data Data Asserted  Asserted

at 2 31-24 23-16
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Table 11.12 8-Bit External Device/Little-Endian Access and Data Alignment

Data Bus Strobe Signals
D31- D23- Di15- WES3, WE2, WE1, WEO,
Operation D24 D16 D8 D7-DO0 DQMUU  DQMUL DQMLU DQMLL
Byte access at 0 — — — Data Asserted
7-0
Byte access at 1 — — — Data Asserted
7-0
Byte access at 2 — — — Data Asserted
7-0
Byte access at 3 — — — Data Asserted
7-0
Word access 1sttime — — — Data Asserted
ato0 ato0 7-0
2nd time — — — Data Asserted
atl 15-8
Word access 1sttime — — — Data Asserted
at 2 at 2 7-0
2nd time — — — Data Asserted
at3 15-8
Longword 1sttime — — — Data Asserted
access at0 ato 7-0
2nd time — — — Data Asserted
atl 15-8
3rd time — — — Data Asserted
at 2 23-16
4th time — — — Data Asserted
at3 31-24
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11.3.2 Description of Areas

Area 0: Area 0 physical address hits A28-A26 are 000. Address hits A31-A29 are ignored and
the address range is H'00000000 + H'20000000 x n — H'03FFFFFF + H'20000000 % n (n = 0-6
and n = 1-6 are the shadow spaces).

Ordinary memories such as SRAM, ROM, and burst ROM can be connected to this space. Byte,
word, or longword can be selected as the bus width using external pins MD3 and MD4. When the
area 0 space is accessed, the CS0 signal is asserted. The RD signal that can be used as OE and the
WEO-WE3 signals for write control are also asserted. The number of bus cyclesis selected
between 0 and 10 wait cycles using the AOW2-A0WO bitsin WCR2. When the burst function is
used, the bus cycle pitch of the burst cycle is determined within arange of 2—10 according to the
number of waits.

Area 1: Areal physical address bits A28-A26 are 001. Address bits A31-A29 are ignored and
the address range is H'04000000 + H'20000000 x n — H'07FFFFFF + H'20000000 x n (n = 0-6
and n = 1-6 are the shadow spaces).

Area listhe area specifically for internal peripheral modules. External memories cannot be
connected.

Control registers of the peripheral modules shown below are mapped to thisarea 1. Their
addresses are physical addresses, to which logical addresses can be mapped when the MMU is
enabled:

DMAC, PORT, IrDA, SCIF, ADC, DAC, INTC (except INTEVT, IPRA, IPRB)
These registers must be set not to be cached.

Area 2: Area 2 physical address bits A28-A26 are 010. Address bits A31-A29 are ignored and
the address range is H'08000000 + H'20000000 x n — H'0BFFFFFF + H'20000000 x n (n = 0-6
and n = 1-6 are the shadow spaces).

Ordinary memories such as SRAM and ROM, as well as synchronous DRAM, can be connected
to this space. Byte, word, or longword can be selected as the bus width using bits A2SZ1 and
A2SZ0in BCR2 for ordinary memory.

When the area 2 space is accessed, the CS2 signal is asserted. When ordinary memories are
connected, the RD signal that can be used as OE and the WEO—WE3 signals for write control are
also asserted and the number of bus cyclesis selected between 0 and 3 wait cycles using bits
A2W1 and A2W0 bitsin WCR2.

When synchronous DRAM is connected, the RAS3U and RAS3L signals, CASU and CASL
signals, RD/WR signal, and byte control signals DQMHH, DQMHL, DQMLH, and DQMLL are

Rev. 5.0, 09/03, page 311 of 806
RENESAS



all asserted and addresses multiplexed. Control of RAS3U, RAS3L, CASU, CASL, datatiming,
and address multiplexing is set with MCR.

Area 3: Area 3 physical address bits A28-A26 are 011. Address bits A31-A29 are ignored and
the address range is H'0C000000 + H'20000000 x n — H'OFFFFFFF + H'20000000 x n (n = 0-6
and n = 1-6 are the shadow spaces).

Ordinary memories such as SRAM and ROM, as well as synchronous DRAM, can be connected
to this space. Byte, word or longword can be selected as the bus width using bits A3SZ1 and
A3SZ0 bitsin BCR2 for ordinary memory.

When area 3 space is accessed, CS3 is asserted.

When ordinary memories are connected, the RD signal that can be used as OE and the WEO—WE3
signals for write control are asserted and the number of bus cyclesis selected between 0 and 3 wait
cycles using the A3W1 and A3WO bitsin WCR2.

When synchronous DRAM is connected, the RAS3U and RAS3L signals, CASU and CASL
signals, RD/WR signal, and byte control signals DQMHH, DQMHL, DQMLH, and DQMLL are
all asserted and addresses multiplexed. The RAS3U and RAS3L signals, CASHH signal, CASHL
signal, CASLH signal, CASLL signal, and RD/WR signal are all asserted and addresses
multiplexed.

Area 4: Area4 physical address bits A28-A26 are 100. Address bits A31-A29 are ignored and
the address range is H'20000000 + H'20000000 x n — H'13FFFFFF + H'20000000 x n (n = 0-6
and n = 1-6 are the shadow spaces).

Only ordinary memories such as SRAM and ROM can be connected to this space. Byte, word, or
longword can be selected as the bus width using bits A4SZ1 and A4SZ0 in BCR2. When the area
4 space is accessed, the CS4 signal is asserted. The RD signal that can be used as OE and the
WEO0-WE3 signals for write control are also asserted. The number of buscyclesis selected
between 0 and 10 wait cycles using the A4W2-A4WO0 bitsin WCR2.

The number of bus cyclesis selected between 0 and 10 wait cycles using bits A4W2 to A4WO0 in
WCR2. In addition, any number of wait cycles can be inserted in each bus cycle by means of the
external wait pin (WAIT).

Area5: Area5 physical address bits A28-A26 are 101. Address bits A31-A29 are ignored and
the address range is the 64 Mbytes at H'14000000 + H'20000000 x n — H'17FFFFFF +
H'20000000 x n (n = 0-6 and n = 1-6 are the shadow spaces).

Ordinary memories such as SRAM and ROM as well asburst ROM and PCMCIA interfaces can
be connected to this space. When the PCMCIA interface is used, the IC memory card interface
address range comprises the 32 Mbytes at H'14000000 + H'20000000 x n to H'15FFFFFF +
H'20000000 x n (n = 0-6 and n = 16 are the shadow spaces), and the 1/O card interface address
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range comprises the 32 Mbytes at H'16000000 + H'20000000 x n to H'17FFFFFF + H'20000000 x
n (n = 0-6 and n = 1-6 are the shadow spaces).

For ordinary memory and burst ROM, byte, word, or longword can be selected as the bus width
using bits A5SZ1 and A5SZ0 in BCR2. For the PCMCIA interface, byte or word can be selected
as the bus width using bits A5SZ1 and A5SZ0 bitsin BCR2.

When the area 5 space is accessed and ordinary memory is connected, the CS5 signal is asserted.
The RD signal that can be used as OE and the WEO-WE3 signals for write control are also
asserted. When the PCMCIA interface is used, the CE1A signal, CE2A signal, RD signal as OE
signal, and WE1 signal are asserted.

The number of bus cyclesis selected between 0 and 10 wait cycles using the ASW2-A5WO bitsin
WCR2. With the PCMCIA interface, from 0 to 38 wait cycles can be selected using the ASW2—
A5WO bitsin WCR2 and the ASW3 bit in PCR. In addition, any humber of waits can be inserted
in each bus cycle by means of the external wait pin (WAIT). When aburst function is used, the
bus cycle pitch of the burst cycle is determined within arange of 2-11 (2—39 for the PCMCIA
interface) according to the number of waits. The setup and hold times of address/CS5 for the
read/write strobe signals can be set in the range 0.5-7.5 using bits ASTED2-A5TEDO and
AS5TEH2-A5TEHO in the PCR register.

Area 6: Area 6 physical address bits A28-A26 are 110. Address hits A31-A29 are ignored and
the address range is the 64 Mbytes at H'18000000 + H'20000000 x n — H'1BFFFFFF +
H'20000000 x n (n = 0-6 and n = 1-6 are the shadow spaces).

Ordinary memories such as SRAM and ROM as well asburst ROM and PCMCIA interfaces can
be connected to this space. When the PCM CIA interface is used, the IC memory card interface
addressrange is 32 Mbytes at H'18000000 + H'20000000 x n — H'19FFFFFF + H'20000000 % n
and the 1/O card interface address range is 32 Mbytes at H'1JA000000 + H'20000000 x n—
H'1BFFFFFF + H'20000000 x n (n = 0—6 and n = 1-6 are the shadow spaces).

For ordinary memory and burst ROM, byte, word, or longword can be selected as the bus width
using bits A6SZ1 and A6SZ0 in BCR2. For the PCMCIA interface, byte or word can be selected
as the bus width using bits A6SZ1 and A6SZ0 in BCR2.

When the area 6 space is accessed and ordinary memory is connected, the CS6 signal is asserted.
The RD signal that can be used as OE and the WEO-WE3 signals for write control are also
asserted. When the PCMCIA interface is used, the CE1B signal, CE2B signal, RD signal as OE
signal, and WE, ICIORD, and ICIOWR signals are asserted.

The number of bus cyclesis selected between 0 and 10 wait cycles using the ABW2-A6WO bitsin
WCR2. With the PCMCIA interface, from 0 to 38 wait cycles can be selected using the A6BW2—
ABWO bitsin WCR2 and the ABW3 bit in PCR. In addition, any humber of waits can be inserted
in each bus cycle by means of the external wait pin (WAIT). The bus cycle pitch of the burst cycle
is determined within arange of 2—11 (2-39 for the PCMCIA interface) according to the number of
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waits. The address/CS6 setup and hold times for the read/write strobe signals can be set in the
range 0.5-7.5 using bits AGTED2-AB6TEDO and A6TEH2-AG6TEHO in the PCR register.

11.3.3 BasicInterface

Basic Timing: The basic interface of the SH7729R uses strobe signal output in consideration of
the fact that mainly static RAM will be directly connected. Figure 11.6 shows the basic timing of
normal space accesses. A no-wait normal accessis completed in two cycles. The BS signal is
asserted for one cycle to indicate the start of a bus cycle. The CSn signal is negated on the T2
clock falling edge to secure the negation period. Therefore, in case of access at minimum pitch,
there is a half-cycle negation period.

There is no access size specification when reading. The correct access start address is output in the
least significant bit of the address, but since there is no access size specification, 32 bits are always
read in case of a 32-hit device, and 16 bitsin case of a 16-bit device. When writing, only the WE
signal for the byte to be written is asserted. For details, see section 11.3.1, Endian/Access Size and
Data Alignment.

Read/write for cache fill or write-back follows the set bus width and transfers atotal of 16 bytes
continuously. The busis not released during this transfer. For cache misses that occur during byte
or word operand accesses or branching to odd word boundaries, the fill isaways performed by
longword accesses on the chip-external interface. Write-through-area write access and non-
cacheable read/write access are based on the actual address size.
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A25 to AO

Figure11.6 Basic Timing of Basic Interface
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Figures 11.7, 11.8, and 11.9 show examples of connection to 32, 16, and 8-bit data-width static
RAM, respectively.

128k x 8-bit
SH7729R SRAM
18 |— —] 16
A2 L — A0
Csn cs
RD OE
D31 _ 1107
D24 ' 1/00
WE3 WE
D23
D16 : A16
WE2 o
D15 _ A0
: : CS
D8 OE
WE1 1107
D7 "
: : 1/00
DO WE
WED
A16
A
cs
OE
1107
1100
WE
A16
AQ
cs
OE
1107
/00
WE

Figure11.7 Example of 32-Bit Data-Width Static RAM Connection
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128k x 8-bit

SH7729R SRAM
A17 ‘ — A16
A1 ' — A0
CSn Cs
RD OE
D15 : 1107
D8 —— /00
WET WE
D7
Do A16
WEO |
A0
Cs
OE
1107
/00
WE

Figure11.8 Example of 16-Bit Data-Width Static RAM Connection
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SH7729R

128k x 8-bit
SRAM

A16

A0
Csn

RD

D7

DO
WEO

A16
o0
cs
OE
1107

/100
WE

Figure11.9 Example of 8-Bit Data-Width Static RAM Connection
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Wait State Control: Wait state insertion on the basic interface can be controlled by the WCR2
settings. If the WCR2 wait specification bits corresponding to a particular area are not zero, a
software wait is inserted in accordance with that specification. For details, see section 11.2.4, Wait
State Control Register 2 (WCR2).

The specified number of Tw cycles are inserted as wait cycles using the basic interface wait timing
shownin figure 11.10.

X
i

| |
| |
_ ! |
RD/WR | >< X
| |
| |
RD ! \ |
| |
Read : :
| |
D31 to DO — /_*'_>—:—
| | |
| |
WEn i \ / i
Write
D31 to DO >—

\

&

Figure11.10 Basic Interface Wait Timing (Softwar e Wait Only)

When software wait insertion is specified by WCR2, the external wait input WAIT signal isalso
sampled. WAIT pin sampling is shown in figure 11.11. A 2-cycle wait is specified as a software
wait. Sampling is performed at the transition from the Tw state to the T, state; therefore, if the
WAIT signal has no effect if asserted inthe T, cycle or the first Tw cycle.
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When the WAITSEL bit in the WCRL1 register is set to 1, the WAIT signal is sampled at the
falling edge of the clock. If the setup time and hold times with respect to the falling edge of the
clock are not satisfied, the value sampled at the next falling edge is used.

However, the WAIT signal isignored in the following three cases:

* A writeto external address space in dual address mode with 16-byte DMA transfer

e Transfer from an external device with DACK to external address space in single address mode
with 16-byte DMA transfer

* Cache write-back access

Wait states inserted
by WAIT signal

\ T4 \ Tw \ Tw \ Tw \ T, \
DI R R B D R R R A

e /S W O A
o N T N Vg
o DO 00
i S S O
e T
= NV

Figure11.11 Basic Interface Wait State Timing (Wait State Insertion by WAIT Signal
WAITSEL =1)
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11.34  Synchronous DRAM Interface

Synchronous DRAM Direct Connection: Since synchronous DRAM can be selected by the CS
signal, physical space areas 2 and 3 can be connected using RAS and other control signalsin
common. If the memory type bits (DRAMTP2-0) in BCR1 are set to 010, area 2 is ordinary
memory space and area 3 is synchronous DRAM space; if set to 011, areas 2 and 3 are both
synchronous DRAM space. Note, however, that synchronous DRAM must not be accessed when
clock ratio I@:B = 1:1.

With the SH7729R, burst length 1 burst read/single write mode is supported as the synchronous
DRAM operating mode. A data bus width of 16 or 32 bits can be selected. The burst enable bit
(BE) in MCR isignored, a 16-bit burst transfer is performed in a cache fill /write-back cycle, and
only one accessis performed in awrite-through areawrite or a non-cacheable area read/write.

The control signalsfor direct connection of synchronous DRAM are RAS3L, RAS3U, CASL,
CASU, RD/WR, CS2 or CS3, DOMUU, DQMUL, DQMLU, DQMLL, and CKE. All the signals
other than CS2 and CS3 are common to all areas, and signals other than CKE are valid and fetched
to the synchronous DRAM only when CS2 or CS3 is asserted. Synchronous DRAM can therefore
be connected in parallel to a number of areas. CKE is negated (low) only when self-refreshing is
performed, and is always asserted (high) at other times.

In the refresh cycle and mode-register write cycle, RAS3U and RAS3L or CASU and CASL are
output.

Commands for synchronous DRAM are specified by RAS3L, RAS3U, CASL, CASU, RD/WR,
and special address signals. The commands are NOP, auto-refresh (REF), self-refresh (SELF),
precharge all banks (PALL), row address strobe bank active (ACTV), read (READ), read with
precharge (READA), write (WRIT), write with precharge (WRITA), and mode register write
(MRS).

Byte specification is performed by DQMUU, DOMUL, DQMLU, and DQMLL. A read/writeis
performed for the byte for which the corresponding DQM islow. In big-endian mode, DQMUU
specifies an access to address 4n, and DOMLL specifies an access to address 4n + 3. Inlittle-
endian mode, DQMUU specifies an access to address 4n + 3, and DQMLL specifies an accessto
address 4n.

Figures 11.12 and 11.13 show examples of the connection of two 1M x 16-bit x 4-bank
synchronous DRAMs and one 1M x 16-hit x 4-bank synchronous DRAM, respectively.
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1 M x 16-bit x 4-bank

synchronous
SH7729R DRAM
A15 A13
A2 A0
CKI0 CLK
CKE CKE
CSn CS
RAS3x RAS
CASx CAS
RD/WR WE
D31 11015
D16 1/100
DQMUU DQMU
DQMUL DQML
D15
i A13
DO : :
DQMLU A0
DQMLL CLK
CKE
CS
RAS
CAS
WE
/1015
1/100
DQMU
Note : "x"is UorL DQML

Figure11.12 Example of 64-Mbit Synchronous DRAM Connection (32-Bit Bus Width)
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64M synchronous DRAM

SH7729R (1M x 16 bit x 4 bank)
A14 A13
A13 A12
A12 A1

A1 A0
CKIO CLK
CKE CKE
CSn es_
RAS3x RAS
CASX CAS
RD/WR WE
D15 DQ15
DO DQO
DQMLU DQMU
DQMLL DQML

Figure 11.13 Example of 64-Mbit Synchronous DRAM (16-Bit Bus Width)

Address Multiplexing: Synchronous DRAM can be connected without external multiplexing
circuitry in accordance with the address multiplex specification bits AMX2-AM X0 in MCR. Table
11.13 shows the relationship between the address multiplex specification bits and the bits output at
the address pins.

A25-A16 and A0 are not multiplexed; the original values are aways output at these pins.

When AQ, the LSB of the synchronous DRAM address, is connected to the SH7729R, it performs
longword address specification. Connection should therefore be made in the following order: with
a 32-bit bus width, connect pin A0 of the synchronous DRAM to pin A2 of the SH7729R, then
connect pin Al to pin A3; with a 16-bit bus width, connect pin A0 of the synchronous DRAM to
pin Al of the SH7729R, then connect pin A1 to pin A2.
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Table 11.13 Relationship between Bus Width, AM X Bits, and Address M ultiplex Output

Setting External Address Pins
Bus Memory Output Alto
Width Type AMX3 AMX2 AMX1 AMXO0 Timing A8 A9 A10 All A12 Al3 Al4 Al5 Al6
32 bits  4M x 1 1 0 1 Column Alto A9 Al0 A1l LH™ A13 A23 A24™ A25™
16 bits x address A8
*1
4 banks Row AlOto A18 Al A20 A2l A22 A23 A24* A5
address A17
2M x 0 1 0 1 Column Alto A9 A10 A1l LH™ A13 A23™ A24™
16 bits x address A8
*2
4 banks Row  AlOto Al8 Al9 A20 A2l A22 A23"* A24™*
address Al7
1M x 0 1 0 0 Column Alto A9 A10 All LH™ A13 A22* A23**
16 bits x address A8
*2
4 banks Row AOto Al7 Al8 Al A20 A2l A22*% A23*
address A16
2M x 0 1 0 1 Column Alto A9 A10 A1l LH™ A13 A23™ A24™
8 bits x address A8
*2
4 banks Row  AlOto Al8 Al9 A20 A2l A22 A23** A24™*
address Al7
512k x 32 0 1 1 1 Column Alto A9 A10 All LH*® A21* A22* A15
bits x address A8
*2
4 banks Row  A9to Al7 Al8 Al9 A20 A201** A22** A23
address Al6
16 bits 8M x 1 1 1 0 Column Alto A9  A10 L/MH"™ Al2 A23 A24™ A25™
16 bits x address A8
*1
4 banks Row Allto A9 A20 A2l A22 A23 A24™ aA25™
address A18
aM x 1 1 0 1 Column Alto A9 A10 L/MH"™ Al2 A22 A23" A24™*
16 bits x address A8
*2
4 banks Row  AlOto Al8 Al9 A20 A2l A22 A23"* A24™*
address Al7
2M x 0 1 0 1 Column Alto A9 A10 L/MH"™ Al2 A22* A23" A24
16 bits x address A8
*2
4 banks Row Al0to A18 Al A20 A2l A22"% A23" A24
address A17
1M x 0 1 0 0 Column Alto A9  A10 L/H"™ Al2 A21" A22"* A15
16 bits x address A8
*2
4 banks Row  A9to Al7 Al8 Al9 A20 A201** A22** A23
address Al6
2M x 0 1 0 1 Column Alto A9 A10 L/MH"™ Al2 A22* A23" A24
8 hits x address A8
*2
4 banks Row Al0to A18 Al A20 A2l A22*% A23" A24
address A17
Notes: 1. Only RAS3L or CASL is output.

2. When addresses are upper 32 Mbytes, RAS3U or CASU is output.
When addresses are lower 32 Mbytes, RAS3L or CASL is output.
3. L/His a bit used in the command specification: it is fixed at L or H according to the access mode.

4. Bank address specification.
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Table 11.14 Example of Correspondence between SH7729R and Synchronous DRAM
Address Pins (AM X [3:0] = 0100 (32-Bit Bus Width))

SH7729R Address Pin Synchronous DRAM Address Pin
RAS Cycle CAS Cycle Function
Al5 A23 A23 A13(BA1) BANK select bank address
Al4 A22 A22 A12(BAO0)
Al3 A21 Al3 All Address
Al12 A20 L/H Al10 Address precharge setting
All Al9 All A9 Address
Al0 Al8 Al0 A8
A9 Al7 A9 A7
A8 Al6 A8 A6
A7 Al5 A7 A5
A6 Al4 A6 A4
A5 Al3 A5 A3
A4 Al12 Ad A2
A3 All A3 Al
A2 Al10 A2 A0
Al A9 Al Not used
A0 A0 A0 Not used

Burst Read: Inthe examplein figure 11.14 it is assumed that four 2M x 8-bit synchronous
DRAMs are connected and a 32-bit datawidth is used, and the burst lengthis 1. Following the Tr
cyclein which ACTV command output is performed, a READ command isissued inthe Tcl, Tc2,
and Tc3 cycles, and a READA command in the Tc4 cycle, and the read data is accepted at the
rising edge of the external command clock (CK10) from cycle Td1 to cycle Td4. TheTpc cycleis
used to wait for completion of auto-precharge based on the READA command inside the
synchronous DRAM; no new access command can be issued to the same bank during this cycle,
but accessto synchronous DRAM for another areais possible. In the SH7729R, the number of
Tpc cyclesis determined by the TPC hit specification in MCR, and commands cannot be issued
for the same synchronous DRAM during thisinterval.

The example in figure 11.14 shows the basic timing. To connect low-speed synchronous DRAM,
the cycle can be extended by setting WCR2 and MCR bits. The number of cycles from the ACTV
command output cycle, Tr, to the READ command output cycle, Tcl, can be specified by the
RCD bitsin MCR, with values of 0 to 3 specifying 1 to 4 cycles, respectively. In case of 2 or more
cycles, aTrw cycle, in which an NOP command isissued for the synchronous DRAM, isinserted
between the Tr cycle and the Tc cycle. The number of cyclesfrom READ and READA command
output cycles Tcl-Tc4 to the first read data latch cycle, Td1, can be specified as 1 to 3 cycles
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independently for areas 2 and 3 by means of bits A2W1 and A2W0 or A3W1 and A3WO0 in
WCR2. This number of cycles corresponds to the number of synchronous DRAM CAS latency

cycles.
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A25 to A16

CKIO
A13

A12

CASXx

Figure11.14 Basic Timing for Synchronous DRAM Burst Read
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The BS cycle, which is asserted for one cycle at the start of abus cycle for normal access space, is

Figure 11.15 shows the burst read timing when RCD is set to 1, A3W1 and A3WO are set to 10,
asserted in each of cycles Td1-Td4 in a synchronous DRAM cycle. When aburst read is

and TPCissetto 1.

performed, the address is updated each time CAS is asserted. Asthe unit of burst transfer is 16

bus width). The order of accessisasfollows: in afill operation in the event of a cache miss, the
missed datais read first, then 16-byte boundary data including the missed dataisread in

bytes, address updating is performed for A3 and A2 only (A3, A2, and Al in the case of a 16-hit
wraparound mode.

Tc2  Tc3/Td1 Tc4/Td2, Td3
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Figure11.15 Synchronous DRAM Burst Read Wait Specification Timing
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Single Read: Figure 11.16 shows the timing when a single address read is performed. As the burst

length is set to 1 in synchronous DRAM burst read/single write mode, only the required datais
output. Consequently, no unnecessary bus cycles are generated even when a cache-through areaiis

accessed.

Td1

Tc1

Tr

CKIO

< 7%
- - o
< MM et . a
S <o 5 B x £ °

- Al = ~—
Le o ©ec- ;S < < O 2 9
<< <« << IO o S a8 |

Figure11.16 Basic Timingfor Synchronous DRAM Single Read
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Burst Write: Thetiming chart for aburst writeis shownin figure 11.17. In the SH7729R, a burst
write occurs in the event of cache write-back or 16-byte DMAC transfer. In a burst write
operation, following the Tr cycle in which ACTV command output is performed, a WRIT
command isissued inthe Tcl, Tc2, and Tc3 cycles, and aWRITA command that performs auto-
prechargeisissued in the Tc4 cycle. Inthe write cycle, the write datais output at the same time as
the write command. In case of the write with auto-precharge command, precharging of the
relevant bank is performed in the synchronous DRAM after completion of the write command,
and therefore no command can be issued for the same bank until precharging is completed.
Consequently, in addition to the precharge wait cycle, Tpc, used in aread access, cycle Trwl is
also added as await interval until precharging is started following the write command. | ssuance of
anew command for the same bank is deferred during this interval. The number of Trwl cycles can
be specified by the TRWL bitsin MCR.
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Figure11.17 Basic Timingfor Synchronous DRAM Burst Write
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Single Write: The basic timing chart for write accessis shown in figure 11.18. In asingle write
operation, following the Tr cycle in which ACTV command output is performed, a WRITA
command that performs auto-precharge isissued inthe Tcl cycle. Inthe write cycle, the write
datais output at the same time as the write command. In case of the write with auto-precharge
command, precharging of the relevant bank is performed in the synchronous DRAM after
completion of the write command, and therefore no command can be issued for the same bank
until precharging is completed. Consequently, in addition to the precharge wait cycle, Tpc, used in
aread access, cycle Trwl is also added as await interval until precharging is started following the
write command. Issuance of anew command for the same bank is deferred during thisinterval.
The number of Trwl cycles can be specified by the TRWL bitsin MCR.
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Figure11.18 Basic Timing for Synchronous DRAM Single Write
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Bank Active: The synchronous DRAM bank function is used to support high-speed accesses to
the same row address. When the RASD bit in MCR is 1, read/write command accesses are
performed using commands without auto-precharge (READ, WRIT). In this case, precharging is
not performed when the access ends. When accessing the same row address in the same bank, it is
possible to issue the READ or WRIT command immediately, without issuing an ACTV command,
in the same way asin the RAS down state in DRAM fast page mode. As synchronous DRAM is
internally divided into two or four banks, it is possible to activate one row address in each bank. If
the next access isto adifferent row address, a PRE command isfirst issued to precharge the
relevant bank, then when precharging is completed, the accessis performed by issuing an ACTV
command followed by a READ or WRIT command. If thisis followed by an accessto a different
row address, the access time will be longer because of the precharging performed after the access
request isissued.

In awrite, when auto-precharge is performed, a command cannot be issued for a period of Trwl +
Tpc cycles after issuance of the WRITA command. When bank active mode is used, READ or
WRIT commands can be issued successively if the row address is the same. The number of cycles
can thus be reduced by Trwl + Tpc cyclesfor each write. The number of cycles between issuance
of the precharge command and the row address strobe command is determined by the TPC bitsin
MCR.

Whether faster execution speed is achieved by use of bank active mode or by use of basic accessis
determined by the probability of accessing the same row address (P1), and the average number of
cycles from completion of one access to the next access (Ta). If Tais greater than Tpc, the delay
due to the precharge wait when writing isimperceptible. In this case, the access speed for bank
active mode and basic access is determined by the number of cycles from the start of accessto
issuance of the read/write command: (Tpc + Tred) x (1 — P1) and Trcd, respectively.

Thereisalimit on Tras, the time for placing each bank in the active state. If there is no guarantee
that there will not be a cache hit and another row address will be accessed within the period in
which this value is maintained by program execution, it is necessary to set auto-refresh and set the
refresh cycle to no more than the maximum value of Tras. Inthisway, it is possible to observe the
restrictions on the maximum active state time for each bank. If auto-refresh is not used, measures
must be taken in the program to ensure that the banks do not remain active for longer than the
prescribed time.

A burst read cycle without auto-precharge is shown in figure 11.19, a burst read cycle for the same
row addressin figure 11.20, and a burst read cycle for different row addressesin figure 11.21.
Similarly, a burst write cycle without auto-precharge is shown in figure 11.22, a burst write cycle
for the same row addressin figure 11.23, and a burst write cycle for different row addressesin
figure 11.24.
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A Tnop cycle, in which no operation is performed, isinserted before the Tc cycle in which the
READ command isissued in figure 11.20, but when synchronous DRAM isread, there is atwo-
cycle latency for the DQMxx signal that performs the byte specification. If the Tc cycle were
performed immediately, without inserting a Tnop cycle, it would not be possible to perform the
DQMxx signal specification for Td1 cycle data output. Thisisthe reason for inserting the Thop
cycle. If the CAS latency istwo cycles or longer, Tnop cycle insertion is not performed, since the
timing requirements will be met even if the DQMxx signal is set after the Tc cycle.

When bank active mode is set, if only accesses to the respective banks in the area 3 space are
considered, aslong as accesses to the same row address continue, the operation starts with the
cycleinfigure 11.19 or 11.22, followed by repetition of the cyclein figure 11.20 or 11.23. An
accessto adifferent area 3 space during thistime has no effect. If there is an access to a different
row addressin the bank active state, after thisis detected the bus cycle infigure 11.21 or 11.24 is
executed instead of that in figure 11.20 or 11.23. In bank active mode, too, all banks become
inactive after arefresh cycle or after the bus is released as the result of bus arbitration.

The bank active mode should not be used unless the bus width for all areasis 32 bits.
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Figure 11.19 Burst Read Timing (No Precharge)

Rev. 5.0, 09/03, page 335 of 806

RENESAS



Td4

1Tc2/Td1' Te3/Td2:Tc4/Td3

TcA

' Tnop !
X

| ; A%
sl = — - N
<< 2 <<%2 5 b » | % a
S Yo ~ we2F | 3 & 2 = J
(@] << < <<= IO o (@] 14 a @) om

Figure11.20 Burst Read Timing (Same Row Address)
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Figure11.21 Burst Read Timing (Different Row Addresses)
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Figure11.22 Burst Write Timing (No Prechar ge)
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Figure11.23 Burst Write Timing (Same Row Address)

Rev. 5.0, 09/03, page 339 of 806

RENESAS



i S GO N = N O - I
g O SO N T R N O -
g0 S GO = R N O N~

| ; A%
sh o — N
<<t < <<<g 5 & » A % a
S Yoo o weod 1) %) = s I
@) L« < <« O o O 4 &) o fa4]

Figure11.24 Burst Write Timing (Different Row Addresses)
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Refreshing: The bus state controller is provided with afunction for controlling synchronous
DRAM refreshing. Auto-refreshing can be performed by clearing the RMODE bit to 0 and setting
the RFSH bit to 1 in MCR. If synchronous DRAM is not accessed for along period, self-refresh
mode, in which the power consumption for data retention islow, can be activated by setting both
the RMODE bit and the RFSH bit to 1.

Auto-Refreshing

Refreshing is performed at intervals determined by the input clock selected by bits CKS2-0in
RTCSR, and the value set in RTCOR. The value of bits CKS2-0 in RTCOR should be set so as
to satisfy the refresh interval stipulation for the synchronous DRAM used. First make the
settings for RTCOR, RTCNT, and the RMODE and RFSH bitsin MCR, then make the CK S2-
CK S0 setting. When the clock is selected by CKS2-CK S0, RTCNT starts counting up from the
value at that time. The RTCNT value is constantly compared with the RTCOR value, and if the
two values are the same, a refresh request is generated and an auto-refresh is performed. At the
sametime, RTCNT is cleared to zero and the count-up is restarted. Figure 11.26 shows the
auto-refresh cycle timing.

All-bank precharging is performed in the Tp cycle, then an REF command isissued in the TRr
cycle following the interval specified by the TPC bitsin MCR. After the TRr cycle, new
command output cannot be performed for the duration of the number of cycles specified by the
TRAS bitsin MCR plus the number of cycles specified by the TPC bitsin MCR. The TRAS
and TPC bits must be set so as to satisfy the synchronous DRAM refresh cycle time stipulation
(activel/active command delay time).

Auto-refreshing is performed in normal operation, in sleep mode, and in case of a manual
reset.

H'00000000

RTCOR value RTCNT cleared to 0 when
/ RTCNT = RTCOR

RTCNT

RTCSR.CKS(2-0) =000 | =000

cuF [ 1 [

CMF flag cleared by start of

refresh cycle T T
External bus <:> <:>

Auto-refresh cycle

Figure11.25 Auto-Refresh Operation
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Figure11.26 Synchronous DRAM Auto-Refresh Timing
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Self-Refreshing

Self-refresh mode isakind of standby mode in which the refresh timing and refresh addresses
are generated within the synchronous DRAM. Self-refreshing is activated by setting both the
RMODE bhit and the RFSH hit to 1. The self-refresh state is maintained while the CKE signal
islow. Synchronous DRAM cannot be accessed while in the self-refresh state. Self-refresh
mode is cleared by clearing the RMODE hit to 0. After self-refresh mode has been cleared,
command issuance is disabled for the number of cycles specified by the TPC bitsin MCR.
Self-refresh timing is shown in figure 11.27. Settings must be made so that self-refresh
clearing and data retention are performed correctly, and auto-refreshing is performed at the
correct intervals. When self-refreshing is activated from the state in which auto-refreshing is
set, or when exiting standby mode other than through a power-on reset, auto-refreshing is
restarted if RFSH is set to 1 and RMODE is cleared to O when self-refresh mode is cleared. If
the transition from clearing of self-refresh mode to the start of auto-refreshing takes time, this
time should be taken into consideration when setting the initial value of RTCNT. Making the
RTCNT value 1 less than the RTCOR value will enable refreshing to be started immediately.

After self-refreshing has been set, the self-refresh state continues even if the chip standby state
is entered using the SH7729R’ s standby function, and is maintained even after recovery from
standby mode other than through a power-on reset. In case of a power-on reset, the bus state
controller’ sregisters are initialized, and therefore the self-refresh state is cleared.

Self-refreshing is performed in normal operation, in sleep mode, in standby mode, and in case
of amanual reset.

When using synchronous DRAM, use the following procedure to initiate self-refreshing.

1. Clear the refresh control bit to O.
2. Write H'00 to the RTCNT register.
3. Set the refresh control bit and refresh mode bit to 1.
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Figure11.27 Synchronous DRAM Self-Refresh Timing
* Relationship between Refresh Requests and Bus Cycle Requests

If arefresh request is generated during execution of a bus cycle, execution of the refreshis
deferred until the bus cycle is completed. If arefresh request occurs when the bus has been
released by the bus arbiter, refresh execution is deferred until the busis acquired. If a match
between RTCNT and RTCOR occurs while arefresh is waiting to be executed, so that anew
refresh request is generated, the previous refresh request is eliminated. In order for refreshing
to be performed normally, care must be taken to ensure that no bus cycle or bus mastership
occursthat islonger than the refresh interval. When a refresh request is generated, the
IRQOUT pinisasserted (driven low). Therefore, normal refreshing can be performed by
having the IRQOUT pin monitored by a bus master other than the SH7729R requesting the
bus, or the bus arbiter, and returning the bus to the SH7729R. When refreshing is started, and
if no other interrupt request has been generated, the IRQOUT pinis negated (driven high).
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Power-On Sequence: In order to use synchronous DRAM, mode setting must first be performed
after powering on. To perform synchronous DRAM initialization correctly, the bus state controller
registers must first be set, followed by a write to the synchronous DRAM mode register. In
synchronous DRAM mode register setting, the address signal value at that timeis latched by a
combination of the RAS, CAS, and RD/WR signals. If the value to be set is X, the bus state
controller provides for value X to be written to the synchronous DRAM mode register by
performing a write to address H'FFFFDOQ0 + X for area 2 synchronous DRAM), and to address
H'FFFFEQQO + X for area 3 synchronous DRAM. In this operation the dataisignored, but the
mode write is performed as a byte-size access. To set burst read/single write, CAS latency 1 to 3,
wrap type = sequential, and burst length 1 supported by the SH7729R, arbitrary datais writtenin a
byte-size access to the following addresses.

With 32-bit bus width:

Area?2 Area3
CASlatency 1 FFFFD840 FFFFE840
CAS latency 2 FFFFD880 FFFFE880
CAS latency 3 FFFFD8CO FFFFE8CO
With 16-bit bus width:

Area?2 Area3
CASlatency 1 FFFFD420 FFFFE420
CAS latency 2 FFFFD440 FFFFE440
CASlatency 3 FFFFD460 FFFFE460

Mode register setting timing is shown in figure 11.28.

Asaresult of the write to address H'FFFFDO00 + X or H'FFFFEQQO + X, a precharge all banks
(PALL) command isfirst issued in the TRp1 cycle, then amode register write command is issued
inthe TMwL1 cycle.

Address signals, when the mode-register write command isissued, are as follows:

32-hit bus width:
A15-A9 = 0000100 (burst read and single write)
AB8-A6 = CAS latency
A5 =0 (burst type = sequential)
A4-A2 =000 (burst length 1)

16-bit bus width:
A14-A8 = 0000100 (burst read and single write)
A7-A5 = CAS latency
A4 =0 (burst type = sequential)
A3-A1 =000 (burst length 1)
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TRp4 , TMw1  TMw2

TRp2 , TRp3

Before mode register setting, a 100 psidle time (depending on the memory manufacturer) must be
TRp1

guaranteed after powering on requested by the synchronous DRAM. If the reset signal pulse width
isgreater than thisidle time, thereis no problem in performing mode register setting immediately.

The number of dummy auto-refresh cycles specified by the manufacturer (usually 8) or more must
be executed. Thisisusually achieved automatically while various kinds of initialization are being

performed after auto-refresh setting, but away of carrying this out more dependably isto set a
short refresh request generation interval just while these dummy cycles are being executed. With

simple read or write access, the address counter in the synchronous DRAM used for auto-
refreshing is not initialized, and so the cycle must always be an auto-refresh cycle.

CKIO
A15to A13
or A15 to A12

A12 or A10

A11

A9 to A2

CASU or CASL

c
O

RAS3U or RAS3L

RD/WR
D31 to DO

CKE

RENESAS

Figure11.28 Synchronous DRAM ModeWrite Timing
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11.35 Burst ROM Interface

Setting bits AOBST1-0, A5BST1-0, and A6BST1-0 in BCRL1 to a non-zero value allows burst
ROM to be connected to areas 0, 5, and 6. The burst ROM interface provides high-speed access to
ROM that has a nibble access function. The timing for nibble access to burst ROM isshownin
figure 11.29. Two wait cycles are set. Basically, accessis performed in the same way as for
normal space, but when the first cycle ends the CS0 signal is not negated, and only the addressis
changed before the next access is executed. When 8-bit ROM is connected, the number of
consecutive accesses can be set as 4, 8, or 16 by bits AOBST1-0, ASBST1-0, or A6BST1-0.
When 16-bit ROM is connected, 4 or 8 can be set in the same way. When 32-bit ROM is
connected, only 4 can be set.

WAIT pin sampling is performed in the first accessif one or more wait states are set, and is
always performed in the second and subsequent accesses.

The second and subsequent access cycles also comprise two cycles when aburst ROM setting is
made and the wait specification is 0. The timing in this case is shown in figure 11.30.
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A25 to A4
A3 to A0

Note: For a write cycle, a basic bus cycle (write cycle) is performed.

Figure11.29 Burst ROM Wait Access Timing
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Note: For a write cycle, a basic bus cycle (write cycle) is performed.

Figure 11.30 Burst ROM Basic Access Timing
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11.36 PCMCIA Interface

In the SH7729R, setting the ASPCM bit in BCR1 to 1 makes the bus interface for physical space
area 5 an IC memory card and /O card interface as stipulated in JEIDA version 4.2
(PCMCIAZ2.1). Setting the AGPCM bit to 1 makes the bus interface for physical space area6 an IC
memory card and 1/O card interface as stipulated in JEIDA version 4.2.

When the PCMCIA interface is used, a bus size of 8 or 16 bits can be set by bits A5SZ1 and
A5SZ0, or A6SZ1 and A6SZ0, in BCR2.

Figure 11.31 shows an example of PCMCIA card connection to the SH7729R. To enable active
insertion of the PCMCIA cards (i.e. insertion or removal while system power is being supplied), a
3-state buffer must be connected between the SH7729R’ s bus interface and the PCM CIA cards.

Asoperation in big-endian mode is not explicitly stipulated in the JEIDA/PCMCIA specifications,
the PCMCIA interface for the SH7729R in big-endian mode is stipulated independently.

However, the WAIT signal isignored in the following three cases:

e A writeto external address space in dual address mode with 16-byte DMA transfer

» Transfer from an external device with DACK to external address space in single address mode
with 16-byte DMA transfer

* Cache write-back access
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CE1
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Output % A25 to AO
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CE1
E2
7 OE
o E/PGM
G
[
—}— WAIT
Card
detection CD1, CD2
circuit

Figure11.31 Example of PCMCIA Interface
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Memory Card Interface Basic Timing: Figure 11.32 shows the basic timing for the PCMCIA IC
memory card interface. When physical space areas 5 and 6 are designated as PCMCIA interface
areas, bus accesses are automatically performed as |C memory card interface accesses.

With a high external bus frequency (CK10), the setup and hold times for the address (A24-A0),
card enable (CS5, CE2A, CS6, CE2B), and write data (D15-DO0) in awrite cycle, become
insufficient with respect to RD and WR (the WE pin in the SH7729R). The SH7729R provides for
this by enabling setup and hold times to be set for physical space areas 5 and 6 in the PCR register.
Also, software waits by means of a WCR2 register setting and hardware waits by means of the
WAIT pin can be inserted in the same way as for the basic interface. Figure 11.33 shows the
PCMCIA memory bus wait timing.
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Figure11.32 Basic Timing for PCMCIA Memory Card Interface
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Figure11.33 Wait Timing for PCMCIA Memory Card Interface
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Memory Card Interface Burst Timing: Inthe SH7729R, when the |C memory card interfaceis
selected, page mode burst access mode can be used, for read access only, by setting bits ASBST1

and A5BSTO0 in BCRL for physical space area 5, or bits A6BST1 and A6BSTO in BCR1 for area
6. Thisburst access mode is not stipulated in JEIDA version 4.2 (PCMCIA2.1), but allows high-

speed data access using ROM provided with aburst mode, etc.
Burst access mode timing is shown in figures 11.34 and 11.35.

D15 to DO

A25 to A4
A3 to AO
(read)

CKIO
CExx
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Figure11.35 Wait Timing for PCMCIA Memory Card Interface Burst Access
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When the entire 32-Mbyte memory space is used as |C memory card interface space, the common
memory/attribute memory switching signal REG is generated using a port, etc. If 16 Mbytes or
less of memory space is sufficient, using 16 Mbytes of memory space as common memory space
and 16 Mbytes as attribute memory space enables the A24 pin to be used for the REG signal.

32-Mbyte capacity (REG = I/O port)

Area 5: H'14000000 Common memory/
attribute memory

Area 5: H'16000000

I/O space
Area 6: H'18000000 Common memory/
attribute memory
Area 6: H'1A000000
1/0 space
Up to 16-Mbyte capacity (REG = A24)
Area 5: H'14000000 Attribute memory
Area 5: H'15000000 Common memory
Area 5: H'16000000 I/O space
H'17000000
Area 6: H'18000000 Attribute memory
Area 6: H'19000000 Common memory
Area 6: H'1A000000 I/0O space
H1B000000 | ————

Figure 11.36 PCMCIA Space Allocation
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I/O Card Interface Timing: Figures 11.37 and 11.38 show the timing for the PCMCIA 1/O card
interface.

Switching between the I/O card interface and the IC memory card interface is performed
according to the accessed address. When PCMCIA is designed for physical space area 5, the bus
access is automatically performed as an 1/0O card interface access when a physical address from
H'16000000 to H'17FFFFFF is accessed. When PCMCIA is designated for physical space area 6,
the bus access is automatically performed as an /O card interface access when a physical address
from H'LA000000 to H'1BFFFFFF is accessed.

When accessing a PCMCIA 1/O card, the access should be performed using a non-cacheable area
in virtual space (P2 or P3 space) or an area specified as non-cacheable by the MM U.

When an 1/O card interface access is made to a PCMCIA card in little-endian mode, dynamic
sizing of the 1/0O bus width is possible using the IOIS16 pin. When a 16-bit bus width is set for
area5 or area 6, if the IOIS16 signal is high during aword-size I/O bus cycle, the 1/O port is
recognized as being 8 bitsin width. In this case, a data access for only 8 bitsis performed in the
1/0 bus cycle being executed, followed automatically by a data access for the remaining 8 bits.

Figure 11.39 shows the basic timing for dynamic bus sizing.

In big-endian mode, the IOIS16 signal is not supported, and should be fixed low.
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Figure11.37 Basic Timing for PCMCIA 1/O Card Interface
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Figure11.38 Wait Timing for PCMCIA 1/O Card Interface
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Figure11.39 Dynamic Bus Sizing Timing for PCMCIA /O Card Interface
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11.3.7 Waitsbetween Access Cycles

A problem associated with higher external memory bus operating frequencies is that data buffer
turn-off on completion of aread from alow-speed device may be too slow, causing a collision
with datain the next access. Thisresultsin lower reliability or incorrect operation. To avoid this
problem, a data collision prevention feature has been provided. This memorizes the preceding
access area and the kind of read/write. If thereis a possibility of a bus collision when the next
accessis started, await cycle isinserted before the access cycle thus preventing a data collision.
There are two cases in which await cycle isinserted: when an accessis followed by an accessto a
different area, and when aread accessis followed by a write access from the SH7729R. When the
SH7729R performs consecutive write cycles, the data transfer directionisfixed (from the
SH7729R to other memory) and there is no problem. With read accesses to the same area, in
principle, datais output from the same data buffer, and wait cycle insertion is not performed. Bits
AnlW1 and AnIWO (n = 0, 2-6) in WCR1 specify the number of idle cyclesto be inserted
between access cycles when a physical space area accessis followed by an access to another area,
or when the SH7729R performs a write access after aread access to physical space arean. If there
isoriginally space between accesses, the number of idle cyclesinserted is the specified number of
idle cycles minus the number of empty cycles.

Waits are not inserted between accesses when bus arbitration is performed, since empty cycles are
inserted for arbitration purposes.
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Figure11.40 Waits between Access Cycles

11.3.8 BusArbitration

When a bus release request (BREQ) isreceived from an external device, buses are released after
the bus cycle being executed is completed and a bus grant signal (BACK) is output. The busis not
released during burst transfers for cache fills or TAS instruction execution between the read cycle
and write cycle. Bus arbitration is not executed in multiple bus cycles that are generated when the
data bus width is shorter than the access size; i.e. in the bus cycles when longword accessis
executed for the 8-bit memory. At the negation of BREQ, BACK is negated and bususe is
restarted. See Appendix A.1, Pin States, for the pin states when the busiis released.

The SH7729R sometimes needs to retrieve abus it has released. For example, when memory
generates a refresh request or an interrupt request internally, the SH7729R must perform the
appropriate processing. The SH7729R has a bus request signal (IRQOUT) for this purpose. When
it must retrieve the bus, it asserts the IRQOUT signal. Devices asserting an external bus release
request receive the assertion of theIRQOUT signal and negate the BREQ signal to release the bus.
The SH7729R retrieves the bus and carries out the processing.
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IRQOUT Pin Assertion Conditions:

* When amemory refresh request has been generated but the refresh cycle has not yet begun

e When aninterrupt is generated with an interrupt request level higher than the setting of the
interrupt mask hits (13-10) in the status register (SR). (This does not depend on the SR.BL hit.)

11.3.9 BusPull-Up

With the SH7729R, address pin pull-up can be performed when the busis released by setting the
PULA bitin BCR1 to 1. The address pins are pulled up for a4-clock period after BACK is
asserted. Figure 11.41 shows the address pin pull-up timing. Similarly, data pin pull-up can be
performed by setting the PULD bit in BCR1 to 1. The data pins should be pulled up when the data
busisnot in use. The data pin pull-up timing for aread cycle is shown in figure 11.42, and the
timing for awrite cyclein figure 11.43.

w UL

A25-A0 y

Pull-up Hi-Z
BACK JR

Figure11.41 Pull-Up Timing for PinsA25to A0
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Figure11.42 Pull-Up Timing for Pins D31 to DO (Read Cycle)
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Figure11.43 Pull-Up Timing for Pins D31 to DO (Write Cycle)
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11.3.10 MCS[0] to MCS[7] Pin Controal

The SH7729R is provided with pins MCS[0]-MCS[7] as dedicated CS pins for the ROM
connected to area O or 2. Assertion of MCS[0]-MCS[7] is controlled by settingsin MCSCRO-
MCSCRY. This enables 32-, 64-, 128-, or 256-Mbit memory to be connected to area 0 or area 2.
However, only CS2/0 = 0 (area 0) should be used for MCSCRO. Table 11.15 shows MCSCRO-
MCSCRY settings and MCS[0]-MCS[7] assertion conditions.

Asthe MCS[0]-MCS[7] pins are multiplexed as the PTCO-PTC7 pins, when using these pins as
MCS[0]-MCS[7], the corresponding bits in the PCCR register should be set to “other function.”

When CS2/0 = 0 in the MCSCRO and when the PTCO pin is switched to MCS[0] (when
PCOMD1-PCOMDO are set to “other function”), the CSO pin is also switched to MCS[0].

As port register writes operate on the peripheral clock, they take time compared with instruction
execution by the CPU operating on the high-speed internal clock. Therefore, if an instruction that
accesses MCS[1] to MCS[7] islocated several instructions after an instruction that switches port C
to MCS, the switch from PTC[n] to MCSn and from CS0 to MCS[0] may not be performed
correctly.

To prevent this problem, the following switching procedure should be used.

*  When the program runs with cache on

(1) To switch port C to MCS, set the corresponding bitsin the PCCR register to 00 ("other
function").

(2) Read the PCCR register and check whether the set value isread. Repeat until the set valueis
read.

(3) Perform a dummy read from non-cacheable CS0O space (e.g. address H'A0000000). Thiswill
result in an access to the CS0 space, and immediately afterward, CSO will be switched to
MCSJ0], and port C[n] will be switched to MCS[n].

(4) Access can now be made to the MCS[ 1] to MCS[7] spaces.

e When the program runsin MCS[0] space with cache off
(1) Set the PCCR register asin (1) above.
(2) Place at least three NOP instructions after the instruction in (1). Asaresult, when the PCCR

register is rewritten, an access to the CS0 space will be generated, and immediately afterward,
CS0 will be switched to MCS[0], and port C[n] will be switched to MCS[n].

(3) Access can now be made to the MCS[ 1] to MCS[7] spaces.
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Table11.15 M CSCRx Settings and MCS[x] Assertion Conditions (x: 0-7)

MCSCRXx Settings MCSI[x] Assertion Conditions
CS2/0 CAP1 CAPO A25 A24 A23 A22 CS2 Address Bus A [25:0] Notes
° ! ! H'0000000 to H'1FFFFFF 256-Mbit ROM
H'2000000 to H'3FFFFFF
H'0000000 to H'OFFFFFF 128-Mbit ROM
H'1000000 to H'1FFFFFF
H'2000000 to H'2FFFFFF
H'3000000 to H'3FFFFFF
H'0000000 to H'07FFFFF 64-Mbit ROM
H'0800000 to H'OFFFFFF
H'1000000 to H'17FFFFF
H'1800000 to H'1FFFFFF
H'2000000 to H'27FFFFF
H'2800000 to H'2FFFFFF
H'3000000 to H'37FFFFF
H'3800000 to H'3FFFFFF
H'0000000 to H'03FFFFF 32-Mbit ROM
H'0400000 to H'07FFFFF
H'0800000 to H'OBFFFFF
H'0C00000 to H'OFFFFFF
H'1000000 to H'13FFFFF
H'1400000 to H'17FFFFF
H'1800000 to H'1BFFFFF
H'1C00000 to H'1FFFFFF
H'2000000 to H'23FFFFF
H'2400000 to H'27FFFFF
H'2800000 to H'2BFFFFF
H'2C00000 to H'2FFFFFF
H'3000000 to H'33FFFFF
H'3400000 to H'37FFFFF
H'3800000 to H'3BFFFFF
H'3C00000 to H'3FFFFFF

[72)
O

o

Rrlr|rRP|RP|R|R|r|r|o]o|o|lo|o|o|o|lo|lr|rR|rR|r|o|lo]o|o|r|r|o]o]|r
PR Rl r| ololo|lo|r|r|lrR| r|lololo|o|r|r|lo|jlOo|r|rR|lo|o|r|o|r]|oO
ol I e A e I e B e e A e A e e B e I el I e I e I el I el e e I e e e N el e N el el Nl N el Nl e
rIrr r|frfr rr rrr rrrfrrrr rlrr rr rlrr |, T T T

Ol O(F| P OOC|FR|IFRP OC|lO|FR|IFP|IO|O|FRP|O|FR|O|Fr|O|F| O

kOl O|FRP|IOCO|P O|FRP|O|FRP|O|FR|O|F|O
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MCSCRXx Settings

MCS]x] Assertion Conditions

CS2/0 CAP1 CAPO A25 A24

A23

A22

CSs2

(7]
o

Address Bus A[25:0]

Notes

1 1 1

o

H'0000000 to H'1FFFFFF

H'2000000 to H'3FFFFFF

256-Mbit ROM

H'0000000 to H'OFFFFFF

H'1000000 to H'1FFFFFF

H'2000000 to H'2FFFFFF

H'3000000 to H'3FFFFFF

128-Mbit ROM

H'0000000 to H'07FFFFF

H'0800000 to H'OFFFFFF

H'1000000 to H'17FFFFF

H'1800000 to H'1FFFFFF

H'2000000 to H'27FFFFF

H'2800000 to H'2FFFFFF

H'3000000 to H'37FFFFF

H'3800000 to H'3FFFFFF

64-Mbit ROM

H'0000000 to H'03FFFFF

H'0400000 to H'07FFFFF

H'0800000 to H'OBFFFFF

H'0C00000 to H'OFFFFFF

H'1000000 to H'13FFFFF

H'1400000 to H'17FFFFF

H'1800000 to H'1BFFFFF

H'1C00000 to H'1FFFFFF

H'2000000 to H'23FFFFF

H'2400000 to H'27FFFFF

H'2800000 to H'2BFFFFF

H'2C00000 to H'2FFFFFF

H'3000000 to H'33FFFFF

H'3400000 to H'37FFFFF

H'3800000 to H'3BFFFFF

PlFR|FP|P|IFPIPIPIPIO OO OO0 |PFP|IFP|IFP P OlOlO|OC|FR,| P OC|lO|PF
kPP OO OCO|lOC|F|IF|IFIPIOOOlO|FP P OOC|FR|FP|IOC|lO|(FR,|O|F|O

R O|lO|lF|P O|OC|(F|P OOC|FRr|PFRP OC|lO|FRP|O|FR,|O|F|O|Fr|O

rlo|lr|lo|r|o|lr|o|lr|o|r|o|r|o|lr]|o

I r rr r r r r r r rr rrrrrrr I x| x| x| || T T |
| e N s I Y Y N Y O v Y s Y s O N s I Y I Y Y A Y i A A

H'3C00000 to H'3FFFFFF

32-Mbit ROM
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Section 12 Direct Memory Access Controller (DMAC)

121

Overview

The SH7729R includes a four-channel direct memory access controller (DMAC). The DMAC can
be used in place of the CPU to perform high-speed transfers between external devices that have
DACK (transfer request acknowledge signal), external memory, memory-mapped external
devices, and on-chip periphera modules (IrDA, SCIF, A/D converter, and D/A converter). Using
the DMAC reduces the burden on the CPU and increases overall operating efficiency.

1211

Features

The DMAC hasthe following features.

Four channels

4-GB physical address space

8-hit, 16-bit, 32-bit, or 16-byte transfer (In 16-byte transfer, four 32-hit reads are executed,
followed by four 32-bit writes.)

16 Mbytes (16,777,216 transfers)

Address mode: Dual address mode and single address mode are supported. In addition, direct
address transfer mode or indirect address transfer mode can be selected.

O

Dual address mode transfer: Both the transfer source and transfer destination are accessed
by address. Dual address mode has direct address transfer mode and indirect address
transfer mode.

Direct address transfer mode: The values specified in the DMAC registers indicates the
transfer source and transfer destination. Two bus cycles are required for one data transfer.
Indirect address transfer mode: Datais transferred with the address stored prior to the
address specified in the transfer source addressin the DMAC. Other operations are the
same as those of direct address transfer mode. This function is only available in channel 3.
Four bus cycles are required for one data transfer.

Single address mode transfer: Either the transfer source or transfer destination peripheral
deviceis accessed (selected) by means of the DACK signal, and the other deviceis
accessed by address. One transfer unit of dataistransferred in one bus cycle.

Channel functions. The transfer mode that can be specified depends on the channel:

g
U
g

Channel 0: External request can be accepted.
Channel 1: External request can be accepted.
Channel 2: This channel has a source address rel oad function, which reloads a source
address every four transfers.
Channel 3: In this channel, direct address mode or indirect address transfer mode can be
specified.
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» Reload function: The value that was specified in the source address register can be
automatically reloaded every four DMA transfers. Thisfunction isonly availablein channel 2.

e Transfer requests
0 External request (From two DREQ pins (channels 0 and 1 only). DREQ can be detected
either by edge or by level.)
0 On-chip module request (Requests from on-chip peripheral modules such as serial
communications interface (IrDA and SCIF), A/D converter (A/D) and atimer (CMT). This
reguest can be accepted in all the channels.)

O Auto request (The transfer request is generated automatically within the DMAC.)

» Selectable bus modes: Cycle-steal mode or burst mode

» Selectable channel priority levels:
Fixed mode: The channel priority isfixed.
Round-robin mode: The priority of the channel in which the execution request was accepted is
made the lowest.

« Interrupt request: An interrupt request to the CPU can be generated after the specified number
of transfers.
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12.1.2 Block Diagram

Figure 12.1 shows a block diagram of the DMAC.

S
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| |
i |
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memory : contro < }
| |
| |
| Register ™ DARn <:> |
! control |
! A |
; >
On-chip 2 o | DMATCRn <:> |
peripheral i) =R « T ‘
module B || Start-up |
g el control || o] |
2 Q| A A CHCRn <:> |
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o | |
: N |
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CMT > control |
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DACKO, DACK1 < ! }
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(wi D DEln: DMA transfer-end interrupt request to
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Figure12.1 Block Diagram of DMAC
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12.1.3  Pin Configuration
Table 12.1 showsthe DMAC pins.

Table12.1 DMAC Pins

Channel Name Symbol 1/0 Function
0 DMA transfer request DREQO | DMA transfer request input from
external device to channel 0
DREQ acknowledge DACKO (0] Strobe output to an external I/O upon
DMA transfer request from external
device to channel 0
DMA request DRAKO (0] Output showing that DREQO has been
acknowledge accepted
1 DMA transfer request DREQ1 | DMA transfer request input from
external device to channel 1
DREQ acknowledge DACK1 (0] Strobe output to an external I/O upon
DMA transfer request from external
device to channel 1
DMA request DRAK1 (0] Output showing that DREQ1 has been

acknowledge

accepted

Rev. 5.0, 09/03, page 372 of 806

RENESAS



12.1.4 Register Configuration

Table 12.2 summarizes the DMAC registers. The DMAC has atotal of 17 registers: four control
registers for each other control register shared by all channels.

Table12.2 DMAC Registers

Abbrevi- Access
Channel Name ation R/W Initial Value Address Size
0 DMA source address register 0 SARO R/W Undefined H'04000020 16, 32*?
(H'A4000020)**
DMA destination address register 0 DARO R/W Undefined H'04000024 16, 322
(H'A4000024)**
DMA transfer count register O DMATCRO R/MW Undefined H'04000028 16, 32*3
(H'A4000028)**
DMA channel control register O CHCRO RW*1  H'00000000 H'0400002C 8, 16, 32*2
(H'A400002C)™*
1 DMA source address register 1 SAR1 R/W Undefined H'04000030 16, 322
(H'A4000030)**
DMA destination address register 1 DAR1 R/W Undefined H'04000034 16, 32*?
(H'A4000034)**
DMA transfer count register 1 DMATCR1 R/W Undefined H'04000038 16, 323
(H'A4000038)**
DMA channel control register 1 CHCR1 RW*!  H'00000000 H'0400003C 8, 16, 32*2
(H'A400003C)"*
2 DMA source address register 2 SAR2 R/W Undefined H'04000040 16, 32*?
(H'A4000040)**
DMA destination address register 2 DAR2 R/W Undefined H'04000044 16, 322
(H'A4000044)**
DMA transfer count register 2 DMATCR2 R/MW Undefined H'04000048 16, 323
(H'A4000048)**
DMA channel control register 2 CHCR2 RW*1  H'00000000 H'0400004C 8, 16, 32*2
(H'A400004C)™*

RENESAS
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Abbrevi- Access
Channel Name ation R/W  Initial Value Address Size
3 DMA source address register 3 SAR3 R/W Undefined H'04000050 16, 322
(H'A4000050)**
DMA destination address register 3 DAR3 R/W Undefined H'04000054 16, 322
(H'A4000054)**
DMA transfer count register 3 DMATCR3 RMW Undefined H'04000058 16, 323
(H'A4000058)**
DMA channel control register 3 CHCR3 RW*1  H'00000000 H'0400005C 8, 16, 32*2
(H'A400005C)"*
Shared  DMA operation register DMAOR  RMW** H'0000 H'04000060 8,162
(H'A4000060)**

Notes: These registers are located in area 1 of physical space. Therefore, when the cache is on,
either access these registers from the P2 area of logical space or else make an appropriate
setting using the MMU so that these registers are not cached.

Only 0 can be written to bit 1 of CHCRO to CHCRS3, and bits 1 and 2 of DMAOR to clear

1.

the flag after 1 is read.

If 16-bit access is used on SARO to SAR3, DARO to DAR3, and CHCRO to CHCR3, the

value in the 16 bits that were not accessed is retained.

DMATCR comprises the 24 bits from bit O to bit 23. The upper 8 bits, bits 24 to 31,

cannot be written with 1 and are always read as 0.

When address translation by the MMU does not apply, the address in parentheses

should be used.
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12.2  Register Descriptions

1221 DMA Source Address Registers 0-3 (SARO-SAR3)

DMA source address registers 0-3 (SARO-SARS3) are 32-hit readable/writable registers that
specify the source address of aDMA transfer. During a DMA transfer, these registers indicate the

next source address.

To transfer datain 16 bits or in 32 bits, specify a 16-bit or 32-bit address boundary address. When
transferring data in 16-byte units, a 16-byte boundary (address 16n) must be set for the source
address value. Operation is not guaranteed if other addresses are specified.

Theinitial valueisundefined in areset. The previous valueis retained in standby mode.

Bit: 31 30 29 28 27 26 25 24

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

Bit: 23 22 21 20 0

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

RENESAS
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12.22 DMA Destination Address Registers 0-3 (DARO-DAR3)

DMA destination address registers 0-3 (DARO-DARS3) are 32-hit readable/writable registers that
specify the destination address of a DMA transfer. These registersinclude a count function, and
during aDMA transfer, these registers indicate the next destination address.

To transfer datain 16 bits or in 32 bits, specify a 16-hit or 32-bit address boundary address. To
transfer datain 16-bit or 32-bit units, make sure to specify a destination address with a 16-byte
boundary (16n address). Operation is not guaranteed if other addresses are specified.

Theinitial valueisundefined in areset. The previous valueis retained in standby mode.

Bit: 31 30 29 28 27 26 25 24

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

Bit: 23 22 21 20 0
| | | | | ]
Initial value: — — — — —
R/W: R/W R/W R/W R/W R/W
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12.23 DMA Transfer Count Registers0-3 (DMATCRO-DMATCR?3)

DMA transfer count registers 0-3 (DMATCRO-DMATCRS3) are 24-bit readable/writable registers
that specify the DMA transfer count (bytes, words, or longwords). The number of transfersis 1
when the setting is H'000001, and 16,777,216 (the maximum) when H'000000 is set. During a
DMA transfer, these registers indicate the remaining number of transfers.

In 16-byte transfer, one 16-byte transfer (128 hits) is counted as one.
Writing to upper eight bitsin DMATCR isinvalid; Os are read if these bits are read.

When using 16-byte transfer, an integral multiple of 4 (4n) must be set for the number of transfers
to ensure normal operation.

Theinitial valueisundefined in areset. The previous value isretained in standby mode.

Bit: 31 30 29 28 27 26 25 24
| | | | | | | |
Initial value: — — — — — — — _
R/W: R R R R R R R R
Bit: 23 22 21 20 0
| | | | | L]
Initial value: — — — — —
R/W: R/W R/W R/W R/W R/W
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12.24 DMA Channel Control Registers 0-3 (CHCRO-CHCR3)

DMA channel control registers 0-3 (CHCRO-CHCRS3) are 32-hit readable/writable registers that
specify the operation mode, transfer method, etc., for each channel. Writing to bits 31to 21 and 7
inthisregister isinvalid; Osareread if these bits are read.

Bit 20 isonly used in CHCRS; it is not used in CHCRO to CHCR2. Consequently, writing to this
bitisinvalid in CHCRO to CHCR2; O isread if thishit isread. Bit 19 isonly used in CHCRZ2; itis
not used in CHCRO, CHCR1, and CHCR3. Consequently, writing to thisbit isinvalid in CHCRO,
CHCRY1, and CHCRS3; Oisread if thisbit isread. Bits6 and 16 to 18 are only used in CHCRO and
CHCRY,; they are not used in CHCR2 and CHCR3. Consequently, writing to these bitsisinvalid
in CHCR2 and CHCR3; Os are read if these bits are read.

These register values areinitialized to zero in a power-on reset. The previousvalue isretained in
standby mode.

Bitt 31 21 20 19 18 17 16
E \ — \ DI \ RO \ RL \ AM \ AL \

Initial value: 0 0 0 0 0 0 0
RIW: R R (RW)*  (RW)** (RW)*? (RW)*? (RW)*?

Bit. 15 14 13 12 11 10 9 8
\ DM1 \ DMO \ SM1 \ SMO \ RS3 \ RS2 \ RS1 \ RSO \

Initial value: 0 0 0 0 0 0 0 0

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

Bit: 7 6 5 4 3 2 1 0
\ — \ DS \ ™ \ TS1 \ TSO \ IE \ TE \ DE \
Initial value: 0 0 0 0 0 0 0 0

RIW: R (RW)?  RMW RIW RIW RW  RIW)**  RW
Notes: 1. Only O can be written to the TE bit after 1 is read.
2. The DI, RO, RL, AM, AL, and DS bits are not included in some channels.
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Bits 31 to 21, 7—Reserved: These bits are always read as 0. The write value should always be 0.

Bit 20—Direct/Indirect Selection (DI): Selects direct address mode or indirect address mode in
channel 3.

Thisbit isonly valid in CHCR3. Writing to this bit isinvalid in CHCRO to CHCR?2; Oisread if
this bit isread. When using 16-byte transfer, direct address mode must be specified. Operation is
not guaranteed if indirect address mode is specified.

Bit 20: DI Description
0 Direct address mode (Initial value)
1 Indirect address mode

Bit 19—Source Address Reload Bit (RO): Selects whether the source address initial valueis
reloaded in channel 2.

Thishitisonly valid in CHCR2. Writing to this bit isinvalid in CHCRO, CHCR1, and CHCR3; 0
isread if thishit is read. When using 16-byte transfer, this bit must be cleared to 0, specifying
non-reloading. Operation is not guaranteed if reloading is specified.

Bit 19: RO Description
0 Source address is not reloaded (Initial value)
1 Source address is reloaded

Bit 18—Request Check Level Bit (RL): Specifies whether DRAK (DREQ acknowledge) signal
output is active-high or active-low.

Thisbit isonly valid in CHCRO and CHCR1. Writing to thisbit isinvalidin CHCR2 and
CHCR3; Oisread if thisbit isread.

Bit 18: RL Description
0 Active-low DRAK output (Initial value)
1 Active-high DRAK output
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Bit 17—Acknowledge M ode Bit (AM): Specifies whether DACK isoutput in the data read cycle
or in the data write cycle in dual address mode.

Thisbit isonly valid in CHCRO and CHCR1. Writing to thisbit isinvalidin CHCR2 and
CHCR3; Oisread if thisbit isread.

Bit 17: AM Description
0 DACK output in read cycle (Initial value)
1 DACK output in write cycle

Bit 16—Acknowledge Level (AL): Specifies whether DACK (acknowledge) signal output is
active-high or active-low.

Thishitisonly valid in CHCRO and CHCR1. Writing to thishitisinvalidin CHCR2 and
CHCR3; Oisread if thishit isread.

Bit 16: AL Description
0 Active-low DACK output (Initial value)
1 Active-high DACK output

Bits 15 and 14—Destination Address Mode Bits1 and 0 (DM 1, DMO0): Select whether the
DMA destination address is incremented, decremented, or |eft fixed.

Bit 15: DM1 Bit 14: DMO Description

0 0 Fixed destination address” (Initial value)

0 1 Destination address is incremented (+1 in 8-bit transfer, +2 in
16-hit transfer, +4 in 32-bit transfer, +16 in 16-byte transfer)

1 0 Destination address is decremented (-1 in 8-bit transfer, -2 in
16-hit transfer, —4 in 32-bit transfer; illegal setting in 16-byte
transfer)

1 1 Setting prohibited

Note: * This setting cannot be used when the transfer destination is X/Y memory in 16-byte

transfer.
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Bits 13 and 12—Source Address Mode Bits 1 and 0 (SM 1, SMO0): Select whether the DMA
source address is incremented, decremented, or |eft fixed.

Bit 13: SM1 Bit 12: SMO Description

0 0 Fixed source address” (Initial value)

0 1 Source address is incremented (+1 in 8-bit transfer, +2 in 16-
bit transfer, +4 in 32-bit transfer, +16 in 16-byte transfer)

1 0 Source address is decremented (-1 in 8-bit transfer, -2 in 16-
bit transfer, —4 in 32-bit transfer; illegal setting in 16-byte
transfer)

1 1 Setting prohibited

Note: * This setting cannot be used when the transfer destination is X/Y memory in 16-byte

transfer.

If the transfer source is specified by indirect address, specify the address holding the value of the
address in which the data to be transferred is stored (i.e. the indirect address) in source address
register 3 (SARS3).

Specification of SAR3 incrementing or decrementing in indirect address mode depends on the
SM1 and SMO settings. In this case, however, the SAR3 increment or decrement value is +4, —4,
or fixed at O, regardless of the transfer data size specified in TS1 and TSO.
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Bits 11 to 8—Resour ce Select Bits 3to 0 (RS3 to RS0): Specify which transfer requestswill be

sent to the DMAC.
Bit 11: Bit10: Bit9: Bit 8:
RS3 RS2 RS1 RSO Description
0 0 0 0 External request”, dual address mode (Initial value)
0 0 0 1 Setting prohibited
0 0 1 0 External request / Single address mode
External address space - external device with DACK
0 0 1 1 External request / Single address mode
External device with DACK - external address space
0 1 0 0 Auto request
0 1 0 1 Setting prohibited
0 1 1 0 Setting prohibited
0 1 1 1 Setting prohibited
1 0 0 0 Setting prohibited
1 0 0 1 Setting prohibited
1 0 1 0 IrDA transmission
1 0 1 1 IrDA reception
1 1 0 0 SCIF transmission
1 1 0 1 SCIF reception
1 1 1 0 Internal A/D
1 1 1 1 CMT

Notes: When using 16-byte transfer, the following settings must not be made:
IrDA transmission

1010
1011
1100
1101
1110
1111

IrDA reception

SCIF transmission

SCIF reception
A/D converter

CMT

Operation is not guaranteed if these settings are made.

* External request specification is valid only in channels 0 and 1. None of the request
sources can be selected in channels 2 and 3.
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Bit 6—DREQ Select Bit (DS): Selects low-level or falling-edge detection as the sampling method
for the DREQ pin used in external request mode.

Thisbit isonly valid in CHCRO and CHCR1. Writing to thisbitisinvalidin CHCR2 and
CHCR3; Oisread if thisbit isread.

In channels 0 and 1, if an on-chip periphera moduleis specified as atransfer request source or an
auto-request is specified, the specification of thisbit isignored and falling-edge detection is fixed
except in an auto-request.

Bit 6: DS Description
0 DREQ detected by low level (Initial value)
1 DREQ detected at falling edge

Bit 5—Transmit Mode (TM): Specifies the bus mode when transferring data.

Bit 5: TM Description
0 Cycle-steal mode (Initial value)
1 Burst mode

Bits4 and 3—Transmit Size Bits 1 and 0 (T S1, TS0): Specify the size of data to be transferred.

Bit 4: TS1 Bit 3: TSO Description

0 0 Byte size (8 bits) (Initial value)
0 1 Word size (16 bits)

1 0 Longword size (32 bits)

1 1 16-byte unit (4 longword transfers)

Bit 2—Interrupt Enable Bit (1E): If thishit is set to 1, an interrupt is requested on completion of
the number of data transfers specified in DMATCR (i.e. when TE = 1).

Bit 2: IE Description

0 Interrupt request is not generated on completion of data transfers
specified in DMATCR (Initial value)

1 Interrupt request is generated on completion of data transfers specified in
DMATCR
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Bit 1—Transfer End Bit (TE): Set to 1 on completion of the number of data transfers specified
inDMATCR. Atthistime, if the |E bit isset to 1, an interrupt request is generated.

If datatransfer ends due to an NMI interrupt, a DMAC address error, or clearing of the DE bit or
the DME bit in DMAOR before this bit is set to 1, this bit will not be set to 1. Even if the DE bit
isset to 1 whilethisbit is set to 1, transfer is not enabled.

Bit 1: TE Description

0 Data transfers specified in DMATCR not completed (Initial value)
Clearing conditions: Writing 0 to TE after reading TE = 1
Power-on reset, manual reset

1 Data transfers specified in DMATCR completed

Bit 0—DMAC Enable Bit (DE): Enables operation of the corresponding channel.

Bit 0: DE Description
0 Channel operation disabled (Initial value)
1 Channel operation enabled

If an auto-request is specified (RS3 to RS0), transfer starts when thisbit isset to 1. In an external
reguest or an internal module request, transfer starts when a transfer request is generated after this
bitissetto 1. Clearing thisbit during transfer terminates the transfer.

Evenif the DE bit is set, transfer is not enabled if the TE bit is 1, the DME bit in DMAORis O, or
the NMIF bitin DMAOR is 1.
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12.25 DMA Operation Register (DMAOR)

The DMA operation register (DMAOR) is a 16-bit readabl e/writable register that controlsthe
DMAC transfer mode. Writing to bits 15 to 10 and bits 7 to 3 isinvalid in thisregister; 0 isalways
read if these bits are read.

DMAOR isinitialized to 0 by a power-on reset, and in hardware standby mode or software
standby mode.

Bit: 15 14 13 12 11 10 9 8
= [ = [ =T =T =1 — [er][er

Initial value: 0 0 0 0 0 0 0 0
RIW: R R R R R R RIW RIW

Bit: 7 6 5 4 3 2 1 0

‘ _ ‘ _ ‘ — ‘ — ‘ — \ AE \ NMIF \ DME

Initial value: 0 0 0 0 0 0 0 0
RIW: R R R R R RI(W)"  R/IW)*  RMW

Note: * Only 0 can be written to the AE and NMIF bits after 1 is read.

Bits 15 to 10—Reserved: These bits are always read as 0. Thewrite value should always be 0.

Bits9 and 8—Priority Mode Bits 1 and 0 (PR1, PRO): Select the priority level between
channels when there are simultaneous transfer requests for multiple channels.

Bit 9: PR1 Bit 8: PRO Description

0 0 CHO > CH1 > CH2 > CH3 (Initial value)
0 1 CHO > CH2 > CH3 > CH1

1 0 CH2 > CHO > CH1 > CH3

1 1 Round-robin

Bits 7 to 3—Reserved: These bits are always read as 0. The write value should always be 0.
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Bit 2—AddressError Flag Bit (AE): Indicates that an address error occurred during DMA
transfer. If thisbit is set during data transfer, transfers on all channels are suspended. The CPU
cannot write 1 to thisbit. Thisbit can only be cleared by writing O after reading 1.

Bit 2: AE Description
0 No DMAC address error; DMA transfer is enabled (Initial value)

Clearing conditions: Writing 0 to AE after reading AE = 1
Power-on reset, manual reset
1 DMAC address error; DMA transfer is disabled
This bit is set by occurrence of a DMAC address error

Bit 1—NM| Flag Bit (NMI1F): Indicates that an NMI interrupt occurred. Thisbit is set regardless
of whether the DMAC isin the operating or halted state. The CPU cannot write 1 to thisbit. Only
0 can be written to clear thisbit after 1 isread.

Bit 1: NMIF Description
0 No NMI input; DMA transfer is enabled (Initial value)

Clearing conditions: Writing 0 to NMIF after reading NMIF = 1
Power-on reset, manual reset
1 NMI input; DMA transfer is disabled
This bit is set by occurrence of an NMI interrupt

Bit 0—DMA Master Enable Bit (DME): Enables or disables DMA transfers on all channels. If
the DME bit and the DE bit corresponding to each channel in CHCR are set to 1, transfer is
enabled on the corresponding channel. If thishit is cleared during transfer, transfer on al the
channels will be terminated.

Even if the DME bit is set, transfer is not enabled if the TE bit is 1 or the DE bit is0in CHCR, or
the NMIF bitis1in DMAOR.

Bit 0: DME Description
0 DMA transfer disabled on all channels (Initial value)
1 DMA transfer enabled on all channels
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12.3  Operation

When thereisa DMA transfer request, the DMAC starts the transfer according to the
predetermined channel priority order; when the transfer end conditions are satisfied, it endsthe
transfer. Transfers can be requested in three modes. auto-request, external request, and on-chip
module request. The dual address mode has direct address transfer mode and indirect address
transfer mode. Burst mode or cycle-steal mode can be selected as the bus mode.

12.3.1 DMA Transfer Flow

After the DMA source address register (SAR), DMA destination address register (DAR), DMA
transfer count register (DMATCR), DMA channel control register (CHCR), and DMA operation
register (DMAOR) are set, the DMAC transfers data according to the following procedure:

1. Checksto seeif transfer isenabled (DE=1, DME =1, TE= 0, NMIF =0)

2. When atransfer request comes and transfer is enabled, the DMAC transfers 1 transfer unit of
data (according to the TSO and TS1 settings). For an auto-request, the transfer begins
automatically when the DE bit and DME bit are set to 1. The DMATCR value will be
decremented for each transfer. The actual transfer flows vary by address mode and bus mode.

3. When the specified number of transfers have been completed (when DMATCR reaches 0), the
transfer ends normally. If the |E bit in CHCR is set to 1 at thistime, a DEI interrupt is sent to
the CPU.

4. When an NMI interrupt is generated, the transfer is aborted. Transfers are also aborted when
the DE bit in CHCR or the DME bit in DMAOR are changed to 0.

Figure 12.2 isaflowchart of this procedure.

Rev. 5.0, 09/03, page 387 of 806
RENESAS



( Stalart )

Initial settings
(SAR, DAR, DMATCR, CHCR, DMAOR)

[
<

DE, DME =1 and
AE, NMIF, TE = 0?

Bus mode,

*3 transfer request mode,
DREQ detection selection
system

Transfer (1 transfer unit);
DMATCR - 1 - DMATCR, SAR and DAR
updated

NMIF =1 or
DE =0 or DME
=07

DMATCR =0?

DEl interrupt request (when IE = 1) | ( Transfer aborted >

Does
NMIF =1 or
DE =0 or DME
=0?
Yes v

( Transfer end > ( Normal end >

No

Notes: 1. In auto-request mode, transfer begins when AE, NMIF and TE are both 0 and the DE and DME
bits are set to 1.
2. DREQ = level detection in burst mode (external request) or cycle-steal mode.
3. DREQ = edge detection in burst mode (external request), or auto-request mode in burst mode.

Figure12.2 DMAC Transfer Flowchart
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12.3.2 DMA Transfer Requests

DMA transfer requests are basically generated in either the data transfer source or destination, but
they can also be generated by devices and on-chip periphera modules that are neither the source
nor the destination. Transfers can be requested in three modes: auto-request, external request, and
on-chip module request. The request mode is selected in the RS3-RS0 bits of DMA channel
control registers 0-3 (CHCRO-CHCR3).

Auto-Request M ode: When there is no transfer request signal from an external source, asin a
memory-to-memory transfer or atransfer between memory and an on-chip peripheral module
unable to request a transfer, the auto-request mode allows the DMAC to automatically generate a
transfer request signal internally. When the DE bit of CHCRO-CHCR3 and the DME hit of
DMAOR are set to 1, the transfer begins so long as the TE bit of CHCRO-CHCR3 and the NMIF
bit of DMAOR are 0.

External Request M ode: In this mode atransfer is performed in response to the request signal
(DREQ) of an external device. Choose one of the modes shown in table 12.3 according to the
application system. When this mode is selected, if DMA transfer isenabled (DE = 1, DME = 1,
TE =0, NMIF = 0), atransfer is performed upon arequest at the DREQ input. Choose DREQ
detection by either afalling edge or low level of the signal input with the DS bit in CHCRO and
CHCR1 (DS = 0for level detection, DS = 1 for edge detection). The source of the transfer request
does not have to be the data transfer source or destination.

Table12.3 Selecting Exter nal Request M odeswith RS Bits

RS3 RS2 RS1 RSO Address Mode  Source Destination
0 0 0 0 Dual address Any* Any*
mode
1 0 Single address External memory, External device with
mode memory-mapped DACK
external device
1 External device with External memory,
DACK memory-mapped

external device

Note: * External memory, memory-mapped external device, on-chip memory, on-chip peripheral
module (excluding DMAC, UBC, and BSC)

On-Chip Module Request: In this mode atransfer is performed in response to atransfer request
signal (interrupt request signal) of an on-chip module. This mode cannot be set in case of 16-byte
transfer. These are six transfer request signals. the receive-data-full interrupts (RXI) and the
transmit-data-empty interrupts (TXI) from two serial communication interfaces (IrDA, SCIF), the
A/D conversion end interrupt (ADI) of the A/D converter, and the compare match timer interrupt
(CMI) of the CMT (table 12.4). When this mode is selected, if DMA transfer is enabled (DE = 1,
DME =1, TE =0, NMIF = 0), atransfer is performed upon input of a transfer request signal. The
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source of the transfer request does not have to be the data transfer source or destination. When
RXI is set asthe transfer request, however, the transfer source must be the SCI's receive data
register (RDR). Likewise, when TXI is set as the transfer request, the transfer source must be the
SCl'stransmit data register (TDR). If the transfer requester isthe A/D converter, the data transfer
source must be the A/D data register.

Table12.4 Selecting On-Chip Peripheral M odule Request M odes with RS Bits

DMA
Transfer
Request Desti-

RS3 RS2 RS1 RSO Source DMA Transfer Request Signal Source nation Bus Mode

1 0 1 0 IrDA TXI1 (IrDA transmit-data-empty ~ Any” TDR1 Cycle-steal
transmitter interrupt transfer request)

1 0 1 1 IrDA RXI1 (IrDA receive-data-full RDR1 Any* Cycle-steal
receiver interrupt transfer request)

1 1 0 0 SCIF TXI2 (SCIF transmit-data-empty Any* TDR2 Cycle-steal
transmitter interrupt transfer request)

1 1 0 1 SCIF RXI2 (SCIF receive-data-full RDR1 Any" Cycle-steal
receiver interrupt transfer request)

1 1 1 0 A/D ADI (A/D conversion end ADDR Any*  Cycle-steal
converter interrupt)

1 1 1 1 CMT CMI (Compare match timer Any*  Any*  Burst/

interrupt) cycle-steal

ADDR: A/D data register of A/D converter

Note: * External memory, memory-mapped external device, on-chip peripheral module (excluding
DMAC, BSC, UBC)

When outputting transfer requests from on-chip periphera modules, the appropriate interrupt
enable bits must be set to output the interrupt signals.

If the interrupt request signal of the on-chip peripheral module is used asa DMA transfer request
signal, an interrupt is not sent to the CPU.

The DMA transfer request signals in table 12.4 are automatically discontinued when the
corresponding DMA transfer is performed. If cycle-steal mode is being employed, they are
withdrawn at the first transfer; if burst mode is being used, they are discontinued at the last
transfer.
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12.3.3 Channel Priority

When the DMAC receives simultaneous transfer requests on two or more channdls, it selectsa
channel according to a predetermined priority order. Two modes (fixed mode and round-robin
mode) are selected by priority bits PR1 and PRO in the DMA operation register (DMAOR).

Fixed Mode: In these modes, the priority order of the channels remain fixed. There are three kinds
of fixed modes as follows:

CHO > CH1>CH2>CH3
CHO > CH2 > CH3 > CH1
CH2 > CHO>CH1>CH3

These are selected by the PR1 and PRO bitsin DMAOR.

Round-Robin M ode: Each time one word, byte, or longword is transferred on one channel, the
priority order isrotated. The channel on which the transfer was just finished rotates to the bottom
of the priority order. The round-robin mode operation is shown in figure 12.3. The priority of the
round-robin modeis CHO > CH1 > CH2 > CH3 immediately after reset.
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(1) When channel 0 transfers

Initial priority order

Priority order
after transfer

CHO > CH1 > CH2 > CH3

v

CH1>CH2 > CH3 > CHO

(2) When channel 1 transfers

Initial priority order

Priority order
after transfer

CHO > CH1 > CH2 > CH3

\ 4 \ 4
CH2 > CH3 > CHO > CH1

(3) When channel 2 transfers

Initial priority order

Priority order
after transfer

Post-transfer priority order

when there is an
immediate transfer

CHO > CH1 > CH2 > CH3

""" v v i

¥ v ¥

CH2 > CH3 > CHO > CH1

request to channel 1 only

(4) When channel 3 transfers

Priority order
after transfer

Priority order
after transfer

CHO > CH1 > CH2 > CH3

A 4

CHO > CH1 > CH2 > CH3

Channel 0 becomes lowest-
priority.

Channel 0 becomes lowest-
priority.

The priority of channel 0, which
was higher than channel 3, is also
shifted.

Channel 2 becomes lowest-
priority.

The priority of channels 0 and 1,
which were higher than channel 2,
are also shifted. If immediately
after there is a request to transfer
channel 1 only, channel 1 becomes
lowest-priority and the priority of
channels 0 and 3, which were
higher than channel 1, is also
shifted.

Priority order does not change.

Figure12.3 Round-Robin Mode
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Figure 12.4 shows how the priority order changes when channel 0 and channel 3 transfers are
reguested simultaneously and a channel 1 transfer is requested during the channel O transfer. The
DMAC operates as follows:

1. Transfer requests are generated simultaneously for channels 0 and 3.

2. Channel 0 has a higher priority, so the channel 0 transfer beginsfirst (channel 3 waits for
transfer).

3. A channel 1 transfer request occurs during the channel 0 transfer (channels 1 and 3 are both
waiting)

4. When the channel 0 transfer ends, channel 0 becomes lowest-priority.

5. At thispoint, channel 1 has a higher priority than channel 3, so the channel 1 transfer begins
(channel 3 waits for transfer).

6. When the channel 1 transfer ends, channel 1 becomes lowest-priority.
7. Thechannel 3 transfer begins.

8. When the channel 3 transfer ends, channels 3 and 2 shift downward in priority so that channel
3 becomes the lowest-priority.

Transfer request Waiting channel(s) DMAC operation Channel priority
(1) Channels 0 and 3
—>» —— (2)Channel O transfer «———0>1>2>3
(3) Channel 1 —» _i start
l Priority order
1,3 (4) Channel 0 transfer changes 1>2>3>0
ends /
—+—  (5) Channel 1 transfer
starts
Priority order
3 (6) Channel 1 transfer changes 2>3>0>1
ends /
—— (7)Channel 3 transfer
starts
None Priority order
changes
—L—  (8) Channel 3 transfer ———— > 0>1>2>3
ends

Figure12.4 Changesin Channel Priority in Round-Robin Mode
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12.34 DMA Transfer Types

The DMAC supports the transfers shown in table 12.5. In dual address mode, both the transfer
source address and the transfer destination address are output. Dual address mode has a direct
address mode and indirect address mode. In direct address mode, an output address valueis the
data transfer target address; in indirect address mode, the value stored in the output address, not
the output address value itself, is the data transfer target address. Data transfer timing depends on
the bus mode, which may be cycle-steal mode or burst mode.

Table12.5 Supported DMA Transfers

Destination
Memory-
External Mapped On-Chip
Device with  External External Peripheral
Source DACK Memory Device Module XY Memory

External device with  Not available Dual, single Dual, single  Not available Not available
DACK

External memory Dual, single  Dual Dual Dual Dual
Memory-mapped Dual, single  Dual Dual Dual Dual
external device

On-chip peripheral Not available Dual Dual Dual Dual
module

X/Y memory Not available Dual Dual Dual Dual

Notes: 1. Dual: Dual address mode
2. Single: Single address mode
3. Dual address mode includes direct address mode and indirect address mode.
4. 16-byte transfer is not available for on-chip peripheral modules.

Address M odes:

¢ Dua Address Mode

In dual address mode, both the transfer source and destination are accessed (selectable) by an
address. The source and destination can be located externally or internally. Dual address mode
has (1) adirect address transfer mode and (2) an indirect address transfer mode.
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(1) Indirect addresstransfer mode, DMA transfer requires two bus cycles because datais read
from the transfer source in adata read cycle and written to the transfer destination in a
datawrite cycle. At thistime, transfer datais temporarily stored inthe DMAC. Inthe
transfer between external memories as shown in figure 12.5, dataisread to the DMAC
from one external memory in adataread cycle, and then that data is written to the other
external memory in awrite cycle. Figures 12.6 to 12.8 show examples of the timing at

thistime.
-- DMAC --
: PN PN
SAR > Memory
DAR
> Transfer source

Data|bus

module

Address bus

Transfer destination
module

Data buffer [«

~— >~

The SAR value is an address, data is read from the transfer source module,
and the data is temporarily stored in the DMAC.

First bus cycle

-- DMAC -

|
: : S S

: SAR : Memory

| | (g

| DAR Ly 2 8

| : 2 ﬁ Transfer source

| VS = module

I . @]

| | <

! I Transfer destination
I | Data buffer — >

| | module

| ~— ~—

The DAR value is an address, and the value stored in the data buffer in the
DMAC is written to the transfer destination module.

Second bus cycle

Figure12.5 Operation of Direct Address M odein Dual Address M ode
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CKIO
| | | |
[ Transfer source | \/ Transfer destination !
A25to AD >< address >< >< address ><
| | |
| | |
CSn | \ i }\j
| |
D31 to DO —D
|
|

= -

DACKn \

Data read cycle Data write cycle

{

B I E—
(1st cycle)

(2nd cycle)

Note: In transfer between external memories, with DACK output in the read cycle, DACK
output timing is the same as that of CSn.

Figure12.6 Example of DMA Transfer Timingin the Direct Address Modein Dual Mode
(Transfer Source: Ordinary Memory, Transfer Destination: Ordinary M emory)
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CKIO

A25-A0 TransferD( +4 b( +8 9( +12 TransferX +4 b( +8 X +12 ><
source address i | estination address i i

m—ll‘ll‘il‘ll‘:_ll‘ll‘il—il‘:‘

D31-D0 — ‘ ‘ ‘ ‘ : ‘ ‘ ‘ ‘

-2 Y Y s I s S N

WEm - | | | RN S i B S R S

. (steycle) | : . (2ndcycle) | :

Note: In transfer between external memories, with DACK output in the read cycle, DACK
output timing is the same as that of CSn.

Figure12.7 Example of DMA Transfer Timingin the Direct Address Modein Dual Mode
(16-byte Transfer, Transfer Source: Ordinary Memory, Transfer Destination: Ordinary
Memory)

CKIO _J LJ LJ LJ LJ LJ LJ LJ LJ LJ L

4 X +8 W12 _X_

s i i i i Lt
OO0
RAS : I_l | o | | | |
— S ‘ ‘ ‘ ‘
RD/WR::HHmHlmmmW
DACKn | S R N R N B ‘ : ‘ ‘
! ! ! Data read cycle ! ! ! ! Data write cycle !
(Istoycle) " (2nd cycle)

Note: In transfer between external memories, with DACK output in the read cycle, DACK
output timing is the same as that of CSn.

Figure12.8 Example of DMA Transfer Timingin the Direct Address Modein Dual Mode
(16-byte Transfer, Transfer Source: Synchronous DRAM, Transfer Destination: Ordinary
Memory)
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(2) Inindirect address transfer mode, the address of memory in which data to be transferred is
stored is specified in the transfer source address register (SAR3) in the DMAC. 16-byte
transfer is not possible. Consequently, in this mode, the address value specified in the
transfer source address register in the DMAC isread first. Thisvalue istemporarily
stored inthe DMAC. Next, theread value is output as an address, and the value stored in
that addressis stored in the DMAC again. Then, the value read afterwards is written to
the address specified in the transfer destination address; this completes one DMA transfer.

Figure 12.9 shows an example. In this example, the transfer destination, the transfer
source, and the storage destination of the indirect address are external memories, and
transfer datais 16 or 8 bits. Figure 12.10 shows an example of the transfer timing.

In this mode, one NOP cycle (CK1 cycle shown in figure 12.10) is required to output data
read as an indirect address to an address bus.

If transfer datais 32 bits, the third and fourth bus cycles shown in figure 12.10 are
required twice for each; atotal of six bus cycles and one NOP cycle are required.
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H [2]

: SAR3 ™ 3 Memory

: I »

i D | DAR3 e 2

M I © Transfer source
i A [Temporary] ! | < EU‘ module

1 C buffer T

H . Transfer destination
E buffer , A A module

When the value in SARS is an address, the memory data is read and
the value is stored in the temporary buffer. The value to be read must
be 32 bits since it is used for the address.

First and second bus cycles

E SAR3 . Memory

. ] ”

» D | DAR3 | i Ei

M o = Transfer source

v A [Temporary| : | 5 g module

. C buffer 2

: | Data I Transfer destination
: buffer P (U module

When the value in the temporary buffer is an address, the data is read
from the transfer source module to the data buffer.

Third bus cycle

E SAR3 . Memory

H N

:D| pAR3 [ 3 2

M 113 o Transfer source

+ A |Temporary | g © module

e buffer b )

H | Data I Transfer destination
: buffer . (A (U module

When the value in DARS is an address, the value in the data buffer is
written to the transfer source module.

Fourth bus cycle

Note: This example shows memory, the transfer source module, and
the transfer destination module; in practice, any module can be
connected in the addressing space.

Figure12.9 Indirect Address Operation in Dual Address Mode
(When External Memory Space hasa 16-Bit Width)
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CKIO

[ [ [ [ [
| , , . . .
| Transfer ; Transfer | | Indi | Transfer |

A25t0 A0 | source source | X NOP, Z?j'red | X destination |
I address (H), address (L), \ aadress address
I | | | |
I | | | |

CSn : | | | | |
[ [ [ [ [
: { I { | 1 {
‘ : [ ‘
Indirect Indirect Transfer Ti fi
[ | | | | ransfer |
D31toDO | /(address (H) ,/ Aaddress (L) | \/ data >_< data
I | [ | b
Internal ; \, Transfer|source \ Ir;dﬁct ‘ ‘
address / u ! ! :
bus | addrers 1 >< NOP) address | |
| 1 |
4 \ . »‘; | 4 ;
Internal > < \ * [
data bus : Transfer slource‘ address "2 >< | >< Trzr;?;er szgf;e:r
|
DMAC | ! I’ |
indirect | I ><\ | Indirect | \ ‘
address | ‘ | [ address | ‘
buffer | : : ! ‘ / ;
| | |
DMAC | ‘ ‘ ‘ ' Transfer ;
data | 1 1 ! I data ‘
buffer I | | ; ‘ [
[
_ | ! 1 ; !
RD | | ‘ ‘ |
| ! ! [ [ ‘
WEn | ; ; ! ‘ \
| [ [
‘ [
! Address read cycle : NOP ! Data ! Data |
| | | cycle : read cycle : write cycle |
[
- ::‘ L > > »!
| (1st) | (2nd) : : (3rd) : (4th)
I |
| ) | |

Transfer between external memories

Notes:

data bus.

. The internal address bus value does not change, and is controlled by the port.
2. The DMAC does not fetch the value until 32-bit data is output to the internal

Figure12.10 Example of Transfer Timingin the Indirect Address Mode
in Dual Address M ode
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Single Address Mode

In single address mode, either the transfer source or transfer destination peripheral deviceis
accessed (selected) by means of the DACK signal, and the other device is accessed by address.
In this mode, the DMAC performs one DMA transfer in one bus cycle, accessing one of the
external devices by outputting the DACK transfer request acknowledge signal to it, and at the
same time outputting an address to the other device involved in the transfer. For example, in
the case of transfer between external memory and an external device with DACK shownin
figure 12.11, when the external device outputs data to the data bus, that datais written to the
external memory in the same bus cycle.

External address bus

T~
SH7729R N a— N
External
DMAC memory
: External device
o 5 with DACK
~ N Y
DACK
DREQ
------- + Data flow

External data bus

Figure12.11 Data Flow in Single Address M ode

Two kinds of transfer are possible in single address mode: (1) transfer between an external
device with DACK and a memory-mapped external device, and (2) transfer between an

external device with DACK and external memory. In both cases, only the external request
signal (DREQ) isused for transfer requests.

Figures 12.12 and 12.13 show examples of DMA transfer timing in single address mode.

RENESAS
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cwo [ LI LT 1

A25 to AO X X -a—— Address output to external memory space
CSn —\—/7
WE -a«—— Write strobe signal to external memory space

D31toD0 ——<___ »>—— <= Data output from external device with DACK
DACKn \ / -+— DACK signal (active-low) to external device with DACK

B —__

(a) External device with DACK — external memory space (ordinary memory)

cwo [ LI LT 1

A25 to AO X X -«—— Address output to external memory space
CSn —\I
RD -«—— Read strobe signal to external memory space

D31 to DO 4:>— ~4— Data output from external memory space
DACKn \ / -4—— DACK signal (active-low) to external device with DACK

B8 —_

(b) External memory space — external device with DACK (active-low)

Figure12.12 Example of DMA Transfer Timingin Single Address Mode
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A25 to A0 X Transfer X +4 X +8 X +12 X
isource address E E E E

csn | [] [] [ -
0s11000 ——< >~ >~ > >
-2 I s N o I o O
WEn — : E § g

DACKn _| |_| 1 |_| I__

Figure12.13 Example of DMA Transfer Timingin Single Address Mode
(External Memory Space (Ordinary Memory) - External Device with DACK)

Bus M odes. There are two bus modes: cycle-steal and burst. Select the mode in the TM bits of
CHCRO-CHCRS.

* Cycle-Steal Mode

In cycle-steal mode, the bus s given to another bus master after a one-transfer-unit (8-, 16-, or
32-bit unit) DMA transfer. When another transfer request occurs, the busis obtained from the
other bus master and transfer is performed for one transfer unit. When that transfer ends, the
busis passed to the other bus master. Thisis repeated until the transfer end conditions are
satisfied.

In the cycle-steal mode, transfer areas are not affected regardless of the transfer request source,
transfer source, and transfer destination settings. Figure 12.14 shows an example of DMA
transfer timing in cycle-steal mode. Transfer conditions shown in the figure are:

Dual address mode
DREQ level detection

a1\ /

Bus returned to CPU
—N

Bus cycle CPU CPU><CPU DMACXDMAC CPU><DMAC DMACX CPU X CPU
Read Write Read Write

Figure12.14 Example of Transfer in Cycle-Steal M ode
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* Burst Mode
Once the bus is obtained, the transfer is performed continuously until the transfer end
condition is satisfied. In external request mode with low level detection of the DREQ pin,
however, when the DREQ pin is driven high, the bus passes to the other bus master after the
DMAC transfer request that has already been accepted ends, even if the transfer end conditions
have not been satisfied.
Burst mode cannot be used when a SCIF (IrDA or SCIF) is the transfer request source. Figure
12.15 shows an example of burst mode timing.

DREQ \ /
us cycle X cPU X cPU X CPU XDMACXDMACXDMACKDMACKDMACXDMACK cPU X

Read Write Read Write Read Write

o8]

Figure12.15 Example of Transfer in Burst M ode
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Relationship between Request M odes and Bus Modesby DMA Transfer Category: Table
12.6 shows the relationship between request modes and bus modes by DMA transfer category.

Table12.6 Relationship between Request M odes and Bus Modes by DM A Transfer

Category
Address Request  Bus Transfer Usable
Mode Transfer Category Mode Mode Size (Bits) Channels
Dual External device with DACK and External B/C 8/16/32/128 0,1
external memory
External device with DACK and External B/C 8/16/32/128 0,1
memory-mapped external device
External memory and external All*? B/C  8/16/32/128 0-3*°
memory
External memory and memory- All ** B/C  8/16/32/128 0-3*°
mapped external device
Memory-mapped external device and Al ** B/C  8/16/32/128 0-3*°
memory-mapped external device
External memory and on-chip All *2 B/IC*®  8/16/32** 0-3*°
peripheral module
Memory-mapped external device and ~ All ** B/IC*®  8/16/32** 0-3*°
on-chip peripheral module
On-chip peripheral module and on- All *2 B/IC*®  8/16/32** 0-3*°
chip peripheral module
X/Y memory and X/Y memory All B/C 8/16/32/128 0-3
X/Y memory and memory-mapped Al ** B/C 8/16/32/128 0-3
external device
X/Y memory and on-chip peripheral All *2 B/IC*®  8/16/32 0-3
module
X/Y memory and external memory All B/C 8/16/32/128 0-3
Single External device with DACK and External B/C 8/16/32/128 0,1
external memory
External device with DACK and External B/C 8/16/32/128 0,1
memory-mapped external device
B: Burst, C: Cycle-steal
Notes: 1. External requests, auto requests and on-chip peripheral module (CMT) requests are all
available.
2. External requests, auto requests and on-chip peripheral module requests are all
available. When the IrDA, SCI, or A/D converter is also the transfer request source,
however, the transfer destination or transfer source must be the IrDA, SCI, or A/D
converter, respectively.
3. If the transfer request source is the IrDA, SCI, or A/D converter only cycle-steal mode is

available.

RENESAS

Rev. 5.0, 09/03, page 405 of 806



4. The access size permitted when the transfer destination or source is an on-chip
peripheral module register.

5. If the transfer request is an external request, only channels 0 and 1 are available.

BusMode and Channel Priority Order: When, for example, channel 1 istransferring in burst
mode and there is atransfer request to channel 0, which has higher priority, the channel 0 transfer
will begin immediately.

At thistime, if the priority is set in the fixed mode (CHO > CH1), the channel 1 transfer will
continue when the channel 0 transfer has completely finished, even if channel 0 is operating in
cycle-steal mode or burst mode.

If the priority is set in round-robin mode, channel 1 will begin operating again after channel 0
completes the transfer of one transfer unit, even if channel 0 isin cycle-steal mode or burst mode.
The bus will then switch between the two in the order channel 1, channel 0, channel 1, channel 0.

Even if the priority is set in fixed mode or in round-robin mode, the bus will not be given to the
CPU since channel 1 isin burst mode. Thisexampleisillustrated in figure 12.16.

CPU DMAC Y DMAC \ DMAC Y DMAC \/ DMAC ¥ DMAC \y DMAC CPU
CH1 CH1 CHO CH1 CHO CH1 CH1

CHO | CH1 | CHO _

>

et
%

< Ll

DMAC CH1 Round-robin mode in DMAC CH1
CPU Burst mode DMAC CHO and CH1 Burst mode CPU
>
Priority: Round-robin mode
CHO: Cycle-steal mode
CH1: Burst mode

A
y
A 4
y

»la
r“

Figure12.16 Bus State when Multiple Channels Are Operating
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12.35 Number of Bus Cycle States and DREQ Pin Sampling Timing

Number of Bus Cycle States. When the DMAC is the bus master, the number of bus cycle states
is controlled by the bus state controller (BSC) in the same way as when the CPU is the bus master.
For details, see section 11, Bus State Controller (BSC).

DREQ Pin Sampling Timing: In external request mode, the DREQ pin is sampled by clock pulse
(CKI0) falling edge or low level detection. When DREQ input is detected, aDMAC bus cycleis
generated and DMA transfer performed, at the earliest, three states later.

The second and subsequent DREQ sampling operations are started two cycles after the first
sample.

Operation

e Cycle-Stea Mode

In cycle-steal mode, the DREQ sampling timing is the same regardless of whether level or
edge detection is used.

For example, in figure 12.17 (cycle-steal mode, level input), DMAC transfer begins, at the
earliest, three cycles after the first sampling is performed. The second sampling is started two
cycles after the first. If DREQ is not detected at this time, sampling is performed in each
subsequent cycle.

Thus, DREQ sampling is performed one step in advance. The third sampling operation is not
performed until theidle cycle following the end of the first DMA transfer.

The above conditions are the same whatever the number of CPU transfer cycles, as shown in
figure 12.18. The above conditions are a so the same whatever the number of DMA transfer
cycles, as shown in figure 12.19.

DACK isoutput in aread in the example in figure 12.17, and in awrite in the example in
figure 12.18. In both cases, DACK isoutput for the same duration as CSn.

Figure 12.20 shows an example in which sampling is executed in all subsequent cycles when
DREQ cannot be detected.

Figure 12.21 shows examples of edge detection in the cycle-steal mode.
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Burst Mode, Level Detection

In the case of burst mode with level detection, the DREQ sampling timing isthe same asin
cycle-steal mode.

For example, in figure 12.22, DMAC transfer begins, at the earliest, three cycles after the first
sampling is performed. The second sampling is started two cycles after the first. Subsequent
sampling operations are performed in the idle cycle following the end of the DMA transfer
cycle.

In burst mode, also, the DACK output period is the same asin cycle-steal mode.

Burst Mode, Edge Detection
In the case of burst mode with edge detection, DREQ sampling is only performed once.

For example, in figure 12.23, DMAC transfer begins, at the earliest, three cycles after the first
sampling is performed. After this, DMAC transfer is executed continuously until the number
of datatransfers set inthe DMATCR register have been completed. DREQ is not sasmpled
during thistime.

Torestart DMA transfer after it has been suspended by an NMI, first clear NMIF, then input
an edge request again.

In burst mode, also, the DACK output period is the same asin cycle-steal mode.
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Figure12.17 Cycle-Steal Mode, Level Input (CPU Access. 2 Cycles)
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Figure12.18 Cycle-Steal Mode, Level Input (CPU Access: 3 Cycles)
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Figure12.19 Cycle-Steal Mode, L evel input
(CPU Access: 2 Cycles, DMA RD Access: 4 Cycles)
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12.3.6  Source Address Reload Function

Channel 2 includes areload function, in which the value is returned to the val ue set in the source
addressregister (SAR2) every four transfers by setting the RO bit in CHCR2. 16-byte transfer
cannot be used. Figure 12.24 shows this operation. Figure 12.25 shows atiming chart for the
source address rel oad function under the following conditions: burst mode, auto-request, 16-bit
transfer data size, SAR2 incremented, DAR2 fixed, reload function on, and use of channel 2 only.

Transfer ,

request 1

— == =DMAC----------- - - - - - .

RO bit =1

Count signal

CHCR2

Reload control - - -

A

4 time
count

-————»

P

Reload signal

DMATCR2

Reload
signal

" (initial value)

SAR2

>

SAR2

PN

Address bus

Figure 12.24 Source Address Reload Function Diagram
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Internal
address bus X SAR2 X DAR2 XSAR2+2X DAR2XSAR2+4X DAR2 XSAR2+6X DAR2 X SARZX

Internal
data bus

E X SAR2 data X SAR2+2 data X SAR2+4 data X SAR2+6 data X

First transfer on

channel 2 ! Second transfer : Third transfer ! Fourth transfer : Fifth transfer
SAR2 output : SAR2+2output : SAR2+4 output : SAR2+6 output
1 DAR2 output | DAR2 output | DAR2output | DAR2output
SAR2 reload
SAR2 output
DAR2 output

Figure12.25 Timing Chart of Source Address Reload Function
The reload function can be executed with atransfer data size of 8, 16, or 32 bits.

DMATCR2, which specifies the transfer count, increments 1 each time a transfer ends regardless
of whether the reload function is on or off. Consequently, a multiple of four must be specified in
DMATCR2 when the reload function is on. Operation is not guaranteed if other values are
specified.

The counter that counts the execution of four transfersfor the reload function is reset by clearing
the DME bit in DMAOR or the DE hit in CHCR2, by setting the transfer end flag (TE bit in
CHCR?2), and by NMI input, as well as by areset or standby transition, but the SAR2, DAR2, and
DMATCR? registers are not reset. Therefore, if these sources are generated, there will be amix of
aninitialized counter and uninitialized registersin the DMAC, and a malfunction will be caused
by restarting the DMAC in that state. Consequently, if one of these sources other than setting of
the TE bit occurs during use of the reload function, set SAR2, DAR2, and DMATCR2 again.
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12.3.7 DMA Transfer Ending Conditions

The DMA transfer ending conditions are different for ending on an individual channel and ending
on al channelstogether. At the end of transfer, the following conditions are applied except in the
case where the value set in the DMA transfer count register (DMATCR) reaches 0.

(a) Cycle-steal mode (external request, internal request, and auto-request)

When the transfer ending conditions are satisfied, DMAC transfer request acceptanceis
suspended. The DMAC stops operating after completing the number of transfersthat it has
accepted until the ending conditions are satisfied.

In cycle-steal mode, the operation is the same regardless of whether the transfer request is
detected by level or edge.

(b) Burst mode, edge detection (external request, internal request, and auto-request)

The timing from the point where the ending conditions are satisfied to the point where the
DMAC stops operating is the same as in cycle-steal mode. With edge detection in burst mode,
though only one transfer request is generated to start the DMAC, stop request sampling is
performed at the same timing as transfer request sampling in cycle-steal mode. Asaresult, the
period when a stop request is not sampled is regarded as the period when atransfer request is
generated, and after performing the DMA transfer for this period, the DMAC stops operating.

(c) Burst mode, level detection (external request)
Sameasin (a).

(d) Bustiming when transfer is suspended

Transfer is suspended when one transfer ends. Even if transfer ending conditions are satisfied
during aread in direct address transfer in dual address mode, the subsequent write processis
executed, and after the transfer in (@) to (c) above has been executed, DMAC operation is
suspended.

Individual Channel Ending Conditions: There are two ending conditions. A transfer ends when
the value of the channel’s DMA transfer count register (DMATCR) is 0, or when the DE bit in the
channel’s CHCR register is cleared to 0.

« When DMATCR is 0: When the DMATCR value becomes 0 and the corresponding channel's
DMA transfer ends, the transfer end flag bit (TE) is set in CHCR. If the |E (interrupt enable)
bit has been set, aDMAC interrupt (DEI) request is sent to the CPU. Thistransfer ending does
not apply to (a) to (d) described above.

« When DE in CHCR is 0: Software can halt a DMA transfer by clearing the DE hit in the
channel’s CHCR register. The TE bit is not set when this happens. This transfer ending applies
to (a) to (d) described above.
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Conditionsfor Ending on All Channels Simultaneoudly: Transfers on al channelsend (1) when
the NMIF (NMI flag) bitissetto 1 in DMAOR, or (2) when the DME bit in DMAOR is cleared to
0.

e Transfer ending when the NMIF bit is set to 1 in DMAOR: When an NMI interrupt occurs, the
NMIF bitissetto 1in DMAOR and all channels stop their transfers according to the
conditionsin (a) to (d) described above, and pass the bus to an other bus master. Consequently,
even if the NMI bit is set to 1 during transfer, SAR, DAR, DMATCR are updated. The TE bit
isnot set. To resume transfer after NMI interrupt exception handling, clear the NMIF bit to O.
At thistime, if there are channels that should not be restarted, clear the corresponding DE bit
in CHCR.

e Transfer ending when DME is cleared to 0 in DMAOR: Clearing the DME hit to 0 in DMAOR
forcibly abortstransfer on al channels. The TE bit isnot set. All channels abort their transfer
according to the conditionsin (a) to (d) in section 12.3.7, DMA Transfer Ending Conditions, as
in NMI interrupt generation. In this case, the valuesin SAR, DAR, and DMATCR are also
updated.
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124  CompareMatch Timer (CMT)

12.4.1 Overview

The DMAC has an on-chip compare match timer (CMT) to generate DMA transfer requests. The
CMT has a 16-bit counter.

Features
The CMT has the following features:

» Four types of counter input clock can be selected
O One of four internal clocks (Pq@/4, P@/8, P@/16, P@/64) can be selected.
» Generatesa DMA transfer request when compare match occurs.

Block Diagram

Figure 12.26 shows a block diagram of the CMT.

Po/4 Py/8 Pyi16 Py/64

Control circuit |—>| Clock selection |
A

»
!

-
<
<

CMCSRO
CMCORO
CMCNTO

Comparator

Bus
Module bus interface

CMSTR: Compare match timer start register
CMCSRO0: Compare match timer control/status register 0
CMCORO: Compare match timer constant register 0
CMCNTO: Compare match timer counter 0

Figure12.26 Block Diagram of CMT
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Register Configuration

Table 12.7 summarizes the CMT register configuration.

Table12.7 Register Configuration

Initial Access Size

Name Abbreviation R/W Value  Address (Bits)
Compare match timer start CMSTR R/(W) H'0000 H'04000070 8, 16, 32
register (H'A4000070)*?
Compare match timer CMCSRO R/(VV)*l H'0000 H'04000072 8, 16, 32
control/status register 0 (H'A4OOOO72)*2
Compare match counter 0 CMCNTO R/W H'0000 H'04000074 8, 16, 32

(H'A4000074)*?
Compare match constant CMCORO R/W H'FFFF H'04000076 8, 16, 32
register 0 (H'A4000076)*?

Notes: 1. The only value that can be written to the CMF bit in CMCSRO is 0 to clear the flag.
2. When address translation by the MMU does not apply, the address in parentheses

should be used.

12.4.2 Register Descriptions

Compare Match Timer Start Register (CMSTR)

The compare match timer start register (CMSTR) is a 16-bit register that selects whether compare
match counter 0 (CMCNTO) is operated or halted. It isinitialized to H'0000 by areset, but retains
its previous value in standby mode.

Bit: 15 14 13 12 11 10 9 8
[(— - T[=-T-T-T-T=-T1T-]
Initial value: 0 0 0 0 0 0 0 0
R/W:
Bit: 7 6 5 4 3 2 1 0
- - =1 =1 =1 = | = [sWwRo]
Initial value: 0 0 0 0 0 0 0 0
R/W: R/W R/W

Bits 15 to 2—Reserved: These bits are always read as 0. The write value should alway be 0.

Bit 1—Reserved: Thisbit can be read or written. The write value should always be 0.
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Bit 0—Count Start 0 (STRO): Selects whether to operate or halt compare match timer counter 0.

Bit 0: STRO Description
0 CMCNTO count operation halted (Initial value)
1 CMCNTO count operation

Compare Match Timer Control/Status Register 0 (CM CSRO0)

The compare match timer control/status register 0 (CMCSRO) is a 16-bit register that indicates the
occurrence of compare matches, sets the enable/disable status of interrupts, and establishes the
clock used for incrementation. It isinitialized to H'0000 by areset, but retainsits previous valuein
standby mode.

Bit: 15 14 13 12 11 10 9 8
-1 -r1T-1-1-1r=-71r=-17-1
Initial value: 0 0 0 0 0 0 0 0
R/W:
Bit: 7 6 5 4 3 2 1 0
\ CMF \ — — — — — \ CKS1 \ CKSO \
Initial value: 0 0 0 0 0 0 0 0
RW: RIW)" RMW R R R R RIW RIW

Note: * The only value that can be written is O to clear the flag.

Bits 15to 8 and 5 to 2—Reserved: These bits are always read as 0. The write value should
always be 0.

Bit 7—Compare M atch Flag (CMF): Indicates whether or not the compare match timer counter
0 CMCNTO and compare match timer constant 0 (CM CORQ) values match.

Bit 7: CMF Description

0 CMCNTO and CMCORO values do not match (Initial value)
Clearing condition: Write 0 to CMF after reading CMF = 1

1 CMCNTO and CMCORO values match
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Bit 6—Reserved: Thisbit can be read or written. Thewite value should always be 0.

Bits1 and 0—Clock Select 1 and 0 (CK S1, CK S0): Select the clock input to CMCNT from
among the four internal clocks obtained by dividing the system clock (Pg). When the STR bit in
CMSTRIisset to 1, CMCNTO begins incrementing on the clock selected by CKS1 and CKS0.

Bit 1: CKS1 Bit 0: CKSO Description

0 0 P @4 (Initial value)
1 P @8
1 0 P @16
1 P @64

Compare Match Counter 0 (CMCNTOQ)
Compare match counter 0 (CMCNTO) is a 16-bit register used as an up-counter.

When an internal clock is selected with the CKS1 and CK S0 bitsin the CMCSRO register and the
STR bitin CMSTRis set to 1, CMCNTO begins incrementing on that clock. When the CMCNTO
value matches that of compare match constant register 0 (CMCORQ0), CMCNTO iscleared to
H'0000 and the CMF flagin CMCSRO isset to 1.

CMCNTO isinitialized to H'0000 by areset, but retains its previous value in standby mode.

Bit: 15 14 13 12 11 10 9 8

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

Bit: 7 6 5 4 3 2 1 0

Initial value: 0 0 0 0 0 0 0 0
R/W: R/W R/W R/W R/W R/W R/W R/W R/W
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Compare Match Constant Register 0 (CM CORO)

Compare match constant register 0 (CMCORQ) is a 16-bit register that setsthe CMCNTO compare
match period.

CMCORQOQ isinitialized to H'FFFF by areset, but retains its previous value in standby mode.

Bit: 15 14 13 12 11 10 9 8

Initial value: 1 1 1 1 1 1 1 1
R/W: R/W R/W R/W R/W R/W R/W R/W R/W

Bit: 7 6 5 4 3 2 1 0

Initial value: 1 1 1 1 1 1 1 1
R/W: R/W R/W R/W R/W R/W R/W R/W R/W

1243 Operation
Period Count Operation

When an internal clock is selected with the CKS1 and CK S0 bitsin the CMCSRO register and the
STR bitin CMSTRis set to 1, CMCNTO begins incrementing on the selected clock. When the
CMCNT counter value matches that of CMCORO, the CMCNTO counter is cleared to H'0000 and
the CMF flag in the CMCSRO register is set to 1. The CMCNTO counter begins counting up again
from H'0000.

Figure 12.27 shows the compare match counter operation.

CMCNTO value

Counter cleared by
CMCORO compare match

CMCORO

H'0000

Figure 12.27 Counter Operation
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CMCNTO Count Timing

One of four clocks (P@/4, P@/8, P@/16, P@/64) obtained by dividing the P clock can be selected
with the CKS1 and CK SO bitsin CMCSRO. Figure 12.28 shows the timing.

o« ] LI LU L P LI

Internal clock T

% ‘ $ ‘
CMCNTO input ’—‘
clock « « ’—\—
(
CMCNTO — N1 X ¢ N « N+1
).

Figure 12.28 Count Timing

1244 Compare Match
Compare Match Flag Setting Timing

The CMF bit inthe CMCSRO register is set to 1 by the compare match signal generated when the
CMCORQO register and the CMCNTO counter match. The compare match signal is generated in the
final state of the match (timing at which the CMCNTO counter matching count value is updated).
Consequently, after the CMCORQO register and the CM CNTO counter match, a compare match
signal will not be generated until a CMCNTO counter input clock occurs. Figure 12.29 shows the
CMF bit setting timing.
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Compare
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CMF
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Figure12.29 CMF Setting Timing
Compare Match Flag Clearing Timing

The CMF bit in the CMCSRO register is cleared by writing 0 to it after reading 1. Figure 12.30
shows the timing when the CMF hit is cleared by the CPU.

CMCSRO write cycle

o _
CMF

Figure12.30 Timingof CMF Clearing by the CPU
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125 Examplesof Use

1251 Example of DM A Transfer between On-Chip IrDA and External M emory

In this example, receive data of the on-chip IrDA istransferred to external memory using DMAC
channel 3. Table 12.8 shows the transfer conditions and register settings. In addition, itis
recommended that the trigger for the number of receive FIFO data bytesin IrDA be set to 1
(RTRG1 = RTRGO = 0in SCFCR).

Table12.8 Transfer Conditionsand Register Settingsfor Transfer between On-Chip SCI
and External M emory

Transfer Conditions Register Setting

Transfer source: RDR1 of on-chip IrDA SAR3 H'0400014A
Transfer destination: External memory DARS3 H'00400000
Number of transfers: 64 DMATCR3 H'00000040
Transfer source address: Fixed CHCRS3 H'00004B05

Transfer destination address: Incremented

Transfer request source: IrDA (RXI1)

Bus mode: Cycle-steal

Transfer unit: Byte

Interrupt request generated at end of transfer

Channel priority order: 0>2>3>1 DMAOR H'0101
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125.2 Exampleof DMA Transfer between A/D Converter and External M emory
(Address Reload On)

In this example, DMA transfer is performed between the on-chip A/D converter (transfer source)
and the external memory (transfer destination) with the address reload function on. Table 12.9
shows the transfer conditions and register settings.

Table12.9 Transfer Conditionsand Register Settingsfor Transfer between On-Chip A/D
Converter and External M emory

Transfer Conditions Register Setting

Transfer source: On-chip A/D converter SAR2 H'04000080
Transfer destination: External memory DAR2 H'00400000
Number of transfers: 128 (reloading 32 times) DMATCR2 H'00000080
Transfer source address: Incremented CHCR2 H'00089E35

Transfer destination address: Decremented

Transfer request source: A/D converter

Bus mode: Burst

Transfer unit: Longword

Interrupt request generated at end of transfer

Channel priority order:0>2>3>1 DMAOR H'0101

When the address reload function is on, the value set in SAR returns to the initially set value every
four transfers. In this example, when an interrupt request is generated from the A/D converter,
byte datais read from the register at address H'04000080 in the A/D converter, and is written to
external memory address H'00400000. Since longword data has been transferred, the values in
SAR and DAR are H'04000084 and H'003FFFFC, respectively. The busis kept and data transfers
are performed successively because thistransfer isin burst mode.

After four transfers end, fifth and sixth transfers are performed if the address reload function is off,
and the value in SAR isincremented from H'0400008C to H'04000090, H'04000094... If the
address reload function is on, DMA transfer stops after the fourth transfer ends, and the bus
request signal to the CPU iscleared. At thistime, the value stored in SAR is not incremented
from H'0400008C to H'04000090, but returnsto the initially set value, H'04000080. The value in
DAR continues to be incremented regardless of whether the address reload function is on or off.
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Asaresult, the valuesin the DMAC are as shown in table 12.10 when the fourth transfer ends,
depending on whether the address reload function is on or off.

Table 12.10 Valuesin DM AC after End of Fourth Transfer

Iltems Address reload on Address reload off
SAR H'04000080 H'04000090

DAR H'003FFFFC H'003FFFFC
DMATCR H'0000007C H'0000007C

Bus Released Held

DMAC operation Stops Keeps operating
Interrupt Not generated Not generated
Transfer request source flag Executed Not executed
clearing

Notes: 1. An interrupt is generated regardless of whether the address reload function is on or off,
if transfers are executed until the value in DMATCR reaches 0 and the IE bit in CHCR
has been set to 1.

2. The transfer request source flag is cleared regardless of whether the address reload
function is on or off, if transfers are executed until the value in DMATCR reaches 0.

3. Specify burst mode when using the address reload function. This function may not be
correctly executed in cycle-steal mode.

4. Set a multiple of four in DMATCR when using the address reload function. This function
may not be correctly executed if other values are specified.

1253 Example of DMA Transfer between External Memory and SCIF Transmitter
(Indirect Address On)

In this example, DMA transfer is performed between the external memory specified by indirect
address (transfer source) and the SCIF transmitter (transfer destination) using DMAC channel 3.
Table 12.11 shows the transfer conditions and register settings. In addition, the trigger for the
number of transmit FIFO databytesisset to 1 (TTRG1 = TTRGO = 1 in SCFCR).
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Table 12.11 Transfer Conditionsand Register Settingsfor Transfer between External
Memory and SCIF Transmitter

Transfer Conditions Register Setting
Transfer source: External memory SAR3 H'00400000
Value stored in address H'00400000 — H'00450000
Value stored in address H'04500000 — H'55
Transfer destination: On-chip SCIF TDR2 DAR3 H'04000156
Number of transfers: 10 DMATCRS3 H'0000000A
Transfer source address: Incremented CHCR3 H'00011C01

Transfer destination address: Fixed

Transfer request source: SCIF (TXI2)

Bus mode: Cycle-steal

Transfer unit: Byte

No interrupt request generated at end of transfer

Channel priority order:0>1>2>3 DMAOR H'0001

If the indirect addressis on, data stored in the address set in SAR is not used as transfer source
data. In the indirect address, after the value stored in the address set in SAR isread, that read value
isused as an address again, and the value stored in that addressis read and stored in the address
set in DAR.

In the example shown in table 12.11, when an SCIF transfer request is generated, the DMAC reads
the value in address H'00400000 set in SAR3. Since the value H'00450000 is stored in that
address, the DMAC reads the value H'00450000. Next, the DMAC uses that read value as an
address again, and reads the value H'55 stored in that address. Then, the DMAC writes the value
H'55 to address H'04000156 set in DARS3; this completes one indirect address transfer.

In the indirect address, when datais read first from the address set in SAR3, the data transfer size
isaways longword regardless of the settings of the TS0 and TS1 hits that specify the transfer data
size. However, whether the transfer source addressis fixed, incremented, or decremented is
specified by the SMO and SM 1 bits. Therefore, in this example, though the transfer datasize is
specified as byte, the value in SAR3 is H'00400004 when one transfer ends. Write operations are
the same as in normal dual address transfer.
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126  Usage Notes

1. The DMA channel control registers (CHCRO-CHCR3) can be accessed with any data size. The
DMA operation register (DMAOR) must be accessed by byte (eight bits) or word (16 bits);
other registers must be accessed by word (16 bits) or longword (32 hits).

2. Before rewriting the RSO0-RS3 bitsin CHCRO-CHCRS3, first clear the DE bit to O (when
rewriting CHCR with a byte address, be sure to set the DE bit to 0 in advance).

3. Evenif an NMI interrupt isinput when the DMAC is not operating, the NMIF bitin DMAOR
will be set.

4. Before entering standby mode, the DME bit in DMAOR must be cleared to 0 and the transfers
accepted by the DMAC completed.

5. The on-chip peripherals which the DMAC can access are the IRDA, SCIF, A/D converter, D/A
converter, and 1/O ports. Do not access other peripherals with the DMAC.

6. When starting up the DMAC, set CHCR or DMAOR last. Normal operation is hot guaranteed
if settings for another register are made last.

7. Evenif the maximum number of transfers are performed in the same channel after the
DMATCR count reaches 0 and DMA transfer ends normally, write 0 to DMATCR.
Otherwise, normal DMA transfer may not be performed.

8. When using the address reload function, specify burst mode as the transfer mode. In cycle-stea
mode, normal DMA transfer may not be performed.

9. When using the address rel oad function, set a multiple of four in DMATCR. Normal operation
isnot guaranteed if other values are specified.

10. When detecting an external request at the falling edge, keep the external request pin high when
setting the DMAC.

11. Do not access the space from H'4000062 to H'400006F, which is not used in the DMAC.
Accessing this space may cause malfunctions.

12. The WAIT signal isignored in the case of a write to external address space in dual address
mode with 16-byte transfer, or transfer from an external device with DACK to external address
space in single address mode with 16-byte transfer.

13. DMAC transfers should not be performed in the sleep mode under conditions other than when
the clock ratio of ¢ (on-chip clock) to Bg (bus clock) is1:1.

14. When the following three conditions are al met, the frequency control register (FRQCR)
should not be changed while a DMAC transfer isin progress.

» BitsIFC2 to IFCO are changed.
e STC2to STCO in FRQCR are not changed.
» Theclock ratio of 1¢ (on-chip clock) to B (bus clock) after the change is other than 1:1.

15. If the following three conditions are all met, big-endian accessis used whenthe DMAC is
used to transfer data from XY memory, even in the little-endian mode.

» The source addressfor the transfer isin XY memory.
* Theindirect address mode is used.
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* Thebytesize dataistransferred.
» Thedataformat islittle-endian.
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Section 13 Timer (TMU)

13.1 Overview

The SH7729R has a three-channel (channels 0 to 2) 32-hit timer unit (TMU).

13.1.1 Features

The TMU has the following features:

Each channel is provided with an auto-reload 32-bit down counter
Channel 2 is provided with an input capture function

All channels are provided with 32-bit constant registers and 32-bit down counters that can be
read or written to at any time.

All channels generate interrupt requests when the 32-bit down counter underflows
(H'00000000 - H'FFFFFFFF).

Allows selection between 6 counter input clocks: External clock (TCLK), on-chip RTC output
clock (16 kHz), P@/4, P@/16, P@/64, P@/256. (P@istheinternal clock for peripheral modules.)
See section 10, On-Chip Oscillation Circuits, for more information on the clock pulse
generator.

All channels can operate when the SH7729R is in standby mode: When the RTC output clock
isbeing used as the counter input clock, the SH7729R is still able to count in standby mode.

Synchronized read: TCNT is a sequentially changing 32-bit register. Since the peripheral
module used has an internal bus width of 16 bits, atime lag can occur between the time when
the upper 16 bits and lower 16 bits are read. To correct the discrepancy in the counter read
value caused by this time lag, a synchronization circuit isbuilt into the TCNT so that the entire
32-bit datain the TCNT can be read at once.

The maximum operating frequency of the 32-bit counter is2 MHz on all channels: Operate the
SH7729R so that the clock input to the timer counters of each channel (obtained by dividing
the external clock and internal clock with the prescaler) does not exceed the maximum
operating frequency.
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13.1.2 Block Diagram

Figure 13.1 shows a block diagram of the TMU.
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TOCR: Timer output control register TCNT: 32-bit timer counter
TSTR: Timer start register TCOR: 32-bit timer constant register
TCR: Timer control register TCPR2: 32-bit input capture register

Figure13.1 Block Diagram of TMU
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13.1.3

Pin Configuration

Table 13.1 shows the pin configuration of the TMU.

Table13.1 TMU Pin

Channel

Pin

1/0

Description

Clock input/clock output

TCLK

I/0

External clock input pin/input capture control input
pin/realtime clock (RTC) output pin

1314

Table 13.2 shows the TMU register configuration.

Register Configuration

Table13.2 TMU Registers

Abbre- Access

Channel Register viation R/W Initial Value® Address Size

Common Timer output control TOCR R/W H'00 H'FFFFFE90 8
register
Timer start register TSTR R/W H'00 H'FFFFFE92 8

0 Timer constant register 0 TCORO  R/W H'FFFFFFFF H'FFFFFE94 32
Timer counter 0 TCNTO R/W H'FFFFFFFF H'FFFFFE98 32
Timer control register 0 TCRO R/W H'0000 H'FFFFFE9C 16

1 Timer constant register 1 TCOR1 R/W H'FFFFFFFF HFFFFFEAO 32
Timer counter 1 TCNT1 R/W H'FFFFFFFF  H'FFFFFEA4 32
Timer control register 1 TCR1 R/W H'0000 H'FFFFFEA8 16

2 Timer constant register 2 TCOR2 R/W H'FFFFFFFF HFFFFFEAC 32
Timer counter 2 TCNT2 R/W H'FFFFFFFF H'FFFFFEBO 32
Timer control register 2 TCR2 R/W H'0000 H'FFFFFEB4 16
Input capture register 2 TCPR2 R Undefined H'FFFFFEB8 32

Note: * Initialized by power-on resets or manual resets.
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13.2 TMU Registers

13.21  Timer Output Control Register (TOCR)

TOCR isan 8-hit readable/writable register that selects whether to use the external TCLK pin as
an external clock or an input capture control usage input pin, or an output pin for the on-chip RTC
output clock. TOCR isinitialized to H'00 by a power-on reset or manual reset, but is not initialized
in standby mode.

Bit: 7 6 5 4 3 2 1 0
- - -1 - =] = [ = [TcoE

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

Bits 7 to 1—Reserved: These bits are always read as 0. The write value should always be 0.

Bit 0—Timer Clock Pin Control (TCOE): Selects use of the timer clock pin (TCLK) asan
external clock output pin or input pin for input capture control for the on-chip timer, or asan
output pin for the on-chip RTC output clock. Since the TCLK pin is multiplexed as the PTH7 pin,
when the pinisused as TCLK, bits PH7MD1 and PH7MDO in the PHCR register should be set to
00 (the "other function" setting).

Bit 0: TCOE Description

0 Timer clock pin (TCLK) used as external clock input or input capture control
input pin for the on-chip timer (Initial value)

1 Timer clock pin (TCLK) used as output pin for on-chip RTC output clock

13.22 Timer Start Register (TSTR)

TSTR isan 8-bit readable/writable register that selects whether to run or halt the timer counters
(TCNT) for channels 0-2. TSTRisinitialized to H'00 by a power-on reset or manual reset, but is
not initialized in standby mode when the input clock selected for the channel isthe on-chip RTC
clock (RTCCLK). Only when an external clock (TCLK) or the peripheral clock (Pe) is used asthe
input clock, it isinitialized in standby mode when the multiplication ratio of PLL circuit 1is
changed or when the MSTP2 bit in STBCRis set to 1.

Bit: 7 6 5 4 3 2 1 0

\ — \ — \ — \ — \ — \ STR2 \ STR1 \ STRO \
Initial value: 0 0 0 0 0 0 0 0
R/W: R R R R R R/W R/W R/W
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Bits 7 to 3—Reserved: These bits are always read as 0. The write value should always be 0.

Bit 2—Counter Start 2 (STR2): Selects whether to run or halt timer counter 2 (TCNT2).

Bit 2: STR2 Description
0 TCNT2 count halted (Initial value)
1 TCNT2 counts

Bit 1—Counter Start 1 (STR1): Selects whether to run or halt timer counter 1 (TCNT1).

Bit 1: STR1 Description
0 TCNT1 count halted (Initial value)
1 TCNT1 counts

Bit 0—Counter Start 0 (STRO): Selects whether to run or halt timer counter 0 (TCNTO).

Bit 0: STRO Description
0 TCNTO count halted (Initial value)
1 TCNTO counts

13.23 Timer Control Registers(TCR)

Thetimer control registers (TCR) control the timer counters (TCNT) and interrupts. The TMU has
three TCR registers, one for each channel.

The TCR registers are 16-bit readable/writable registers that control the issuance of interrupts
when the flag indicating timer counter (TCNT) underflow has been set to 1, and aso carry out
counter clock selection. When the external clock has been selected, they also select its edge.
Additionally, TCR2 controls the channel 2 input capture function and the issuance of interrupts
during input capture. The TCR registers areinitialized to H'0000 by a power-on reset and manual
reset, but are not initialized in standby mode.
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Channels 0 and 1 TCR Bit Configuration:

Bit:

Initial value:
R/W:

Bit:

Initial value:
R/W:

Channel 2 TCR Bit Configuration:

Bit:

Initial value:
R/W:

Bit:

Initial value:
R/W:

15 14 13 12 11 10 9 8

B = = = R
0 0 0 0 0 0 0 0
RIW
7 6 5 4 3 2 1 0

\ — — \ UNIE \ CKEG1 \ CKEGO \ TPSC2 \ TPSC1 \ TPSCO \
0 0 0 0 0 0 0 0
RW RW RW RW RW  RW
15 14 13 12 11 10 9 8

= - = [ - - — el
0 0 0 0 0 0 0 0
RW  RW
7 6 5 4 3 2 1 0

\ ICPE1 \ ICPEO \ UNIE \ CKEG1 \ CKEGO \ TPSC2 \ TPSC1 \ TPSCO \
0 0 0 0 0 0 0 0
RW RW RW RW RW RW RW  RW

Bits 15to 10, 9 (except TCR2), 7, and 6 (except TCR2)—Reserved: These bits are always read
as 0. The write value should always be 0.

Bit 9—Input Capture Interrupt Flag (ICPF): A function of channel 2 only: the flag is set when
input capture is requested viathe TCLK pin.

Bit 9: ICPF Description

0 No input capture request has been issued
Clearing condition: When 0 is written to ICPF

(Initial value)

1 Input capture has been requested via the TCLK pin

Setting condition: When input capture is requested via the TCLK pin®

Note: * Contents do not change when 1 is written to ICPF.
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Bit 8—Underflow Flag (UNF): Status flag that indicates occurrence of a TCNT underflow.

Bit 8: UNF Description
0 TCNT has not underflowed

Clearing condition: When 0 is written to UNF (Initial value)
1 TCNT has underflowed (H'00000000 - H'FFFFFFFF)

Setting condition: When TCNT underflows™

Note: * Contents do not change when 1 is written to UNF.

Bits 7 and 6—Input Capture Control (ICPE1, |CPEOQ): A function of channel 2 only:
determines whether the input capture function can be used, and when used, whether or not to
enable interrupts.

When using thisinput capture function it is necessary to set the TCLK pin to input mode with the
TCOE hit inthe TOCR register. Additionally, use the CKEG bit to designate use of either the
rising or falling edge of the TCLK pin to set the valuein TCNTZ2 in the input capture register
(TCPR2).

Bit 7: ICPE1 Bit 6: ICPEO Description

0 0 Input capture function is not used (Initial value)
1 Reserved (Setting prohibited)
1 0 Input capture function is used. Interrupt due to ICPF (TICPI2)
is not enabled
1 Input capture function is used. Interrupt due to ICPF (TICPI2)
is enabled

Bit 5—Underflow Interrupt Control (UNIE): Controls enabling of interrupt generation when
the status flag (UNF) indicating TCNT underflow has been set to 1.

Bit 5: UNIE Description
0 Interrupt due to UNF (TUNI) is not enabled (Initial value)
1 Interrupt due to UNF (TUNI) is enabled
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Bits4 and 3—Clock Edge 1 and 0 (CKEG1, CKEGO): Select the external clock edge when the
external clock is selected, or when the input capture function is used.

Bit 4. CKEG1 Bit 3: CKEGO Description

0 0 Count/capture register set on rising edge (Initial value)
1 Count/capture register set on falling edge

1 X Count/capture register set on both rising and falling edge

Note: X means 0, 1, or ‘Don’t care’.

Bits2to O—Timer Prescaler 2to 0 (TPSC2to TPSCO): Select the TCNT count clock.

Bit 2: TPSC2 Bit1: TPSC1 Bit0: TPSCO Description

0 0 0 Internal clock: count on P@/4 (Initial value)
1 Internal clock: count on P@/16
1 0 Internal clock: count on P@/64
1 Internal clock: count on P@/256
1 0 0 Internal clock: count on clock output of on-chip
RTC (RTCCLK)
1 External clock: count on TCLK pin input
1 Reserved (Setting prohibited)

Reserved (Setting prohibited)
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13.24 Timer Constant Registers (TCOR)

The timer constant registers are 32-hit registers. The TMU has three TCOR registers, one for each
channel.

TCOR isa 32-hit readable/writable register. When a TCNT count-down results in an underflow,
the TCOR valueisset in TCNT and the count-down continues from that value. TCOR is
initialized to H'FFFFFFFF by a power-on reset or manual reset, but is not initialized, and retains
its contents, in standby mode.

Bit: 31 30 29 28 27 26 25 24

Initial value: 1 1 1 1 1 1 1 1
R/W: R/W R/W R/W R/W R/W R/W R/W R/W

Bit: 23 22 21 20 19 18 17 16

Initial value: 1 1 1 1 1 1 1 1
R/W: R/W R/W R/W R/W R/W R/W R/W R/W

Bit: 15 14 13 12 11 10 9 8

Initial value: 1 1 1 1 1 1 1 1
R/W: R/W R/W R/W R/W R/W R/W R/W R/W

Bit: 7 6 5 4 3 2 1 0

Initial value: 1 1 1 1 1 1 1 1
R/W: R/W R/W R/W R/W R/W R/W R/W R/W
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13.25

Timer Counters(TCNT)

Thetimer counters are 32-hit readabl e/writable registers. The TMU has three timer counters, one

for each channel.

TCNT counts down upon input of a clock. The clock input is selected using the TPSC2—-TPSCO

bitsin the timer control register (TCR).

When a TCNT count-down results in an underflow (H'00000000 - H'FFFFFFFF), the underflow
flag (UNF) in the timer control register (TCR) of the relevant channel is set. The TCOR valueis

simultaneously set in TCNT itself and the count-down continues from that value.

Because the internal bus for the SH7729R on-chip peripheral modulesis 16 bits wide, atime lag
can occur between the time when the upper 16 bits and lower 16 bits are read. Since TCNT counts
sequentially, thistime lag can create discrepancies between the data in the upper and lower halves.
To correct the discrepancy, a buffer register is connected to TCNT so that the upper and lower

halves are not read separately. The entire 32-bit datain TCNT can thus be read at once.

TCNT isinitialized to H'FFFFFFFF by a power-on reset or manual reset, but is not initialized, and
retains its contents, in standby mode.

Bit:

Initial value:
R/W:

Bit:

Initial value:
R/W:

Bit:

Initial value:
R/W:

Bit:

Initial value:
R/W:
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31 30 29 28 27 26 25 24
1 1 1 1 1 1 1 1
R/W R/W R/W R/W R/W R/W R/W R/W
23 22 21 20 19 18 17 16
1 1 1 1 1 1 1 1
R/W R/W R/W R/W R/W R/W R/W R/W
15 14 13 12 11 10 9 8
1 1 1 1 1 1 1 1
R/W R/W R/W R/W R/W R/W R/W R/W
7 6 5 4 3 2 1 0
1 1 1 1 1 1 1 1
R/W R/W R/W R/W R/W R/W R/W R/W
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13.2.6 Input Capture Register (TCPR2)

Input capture register 2 (TCPR2) is aread-only 32-bit register provided only in timer 2. Control of
TCPR2 setting conditions due to the TCLK pin is affected by the input capture function bits
(ICPEVICPE2 and CKEGL/CKEGO) in TCR2. When a TCPR2 setting indication due to the
TCLK pin occurs, the value of TCNT2 is copied into TCPR2.

TCNT2 isnot initialized by a power-on reset or manual reset, or in standby mode.

Bit: 31 30 29 28 27 26 25 24

| | | | | | | |
Initial value: — — — — — — — —
R/W: R R R R R R R R
Bit: 23 22 21 20 19 18 17 16

| | | | | | | |
Initial value: — — — — — — — _
R/W: R R R R R R R R
Bit: 15 14 13 12 11 10 9 8

| | | | | | | |
Initial value: — — — — — — — —
R/W: R R R R R R R R
Bit: 7 6 5 4 3 2 1 0

| | | | | | | |
Initial value: — — — — — — — _
R/W: R R R R R R R R
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13.3 TMU Operation

13.3.1 Overview

Each of three channels has a 32-bit timer counter (TCNT) and a 32-bit timer constant register
(TCOR). TCNT counts down. The auto-reload function enables synchronized counting and
counting by external events. Channel 2 has an input capture function.

13.3.2 Basic Functions

Counter Operation: When the STRO-STR2 bitsin the timer start register (TSTR) are set, the
corresponding timer counter (TCNT) starts counting. When a TCNT underflows, the UNF flag of
the corresponding timer control register (TCR) is set. At thistime, if the UNIE bitin TCRis1, an
interrupt request is sent to the CPU. Also at thistime, the valueis copied from TCOR to TCNT
and the down-count operation is continued.

The count operation is set as follows (figure 13.2):

1. Select the counter clock with the TPSC2-TPSCO bits in the timer control register (TCR). If the
external clock is selected, set the TCLK pin to input mode with the TOCE bit in TOCR, and
select its edge with the CKEG1 and CKEGO bitsin TCR.

2. Usethe UNIE bit in TCR to set whether to generate an interrupt when TCNT underflows.

3. When using the input capture function, set the ICPE bitsin TCR, including the choice of
whether or not to use the interrupt function (channel 2 only).

4. Set avalueinthetimer constant register (TCOR) (the cycleisthe set value plus 1).
5. Settheinitial valuein thetimer counter (TCNT).
6. Setthe STR bit in the timer start register (TSTR) to 1 to start operation.
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clock
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Note: When an interrupt has been generated, clear the flag in the interrupt handler that
caused it. If interrupts are enabled without clearing the flag, another interrupt will be
generated.

Figure 13.2 Setting the Count Operation
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Auto-Reload Count Operation: Figure 13.3 showsthe TCNT auto-reload operation.

TCNT value TCOR value set to
/ TCNT during underflow
TCOR
H'00000000 » Time
STRO-STR2

—

Figure 13.3 Auto-Reload Count Operation

TCNT Count Timing:

« Interna Clock Operation: Set the TPSC2-TPSCO bitsin TCR to select whether peripheral
module clock Pg or one of the four internal clocks created by dividing it is used (P@/4, P@/16,
P@/64, P@/256). Figure 13.4 shows the timing.

g Sﬂmﬁﬁmﬁm

Internal
clock —hﬁg \
TCNT S (}

input clock

TONT N +1 X 85 N ) X N-1

Figure13.4 Count Timing when Operating on Internal Clock
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External Clock Operation: Set the TPSC2—TPSCO bitsin TCR to select the external clock
(TCLK) asthetimer clock. Use the CKEGL1 and CKEGO bits in TCR to select the detection
edge. Rising, falling, or both edges may be selected. The pulse width of the external clock
must be at least 1.5 peripheral module clock cycles for single edges or 2.5 peripheral module
clock cyclesfor both edges. A shorter pulse width will result in accurate operation. Figure 13.5

N2 N2

External S (}
5 I\ L
input clock S SS

shows the timing for both-edge detection.
clock input
TCNT N+1 X % N X N-1 )

LT T LT LT
pin
TCNT \
Figure13.5 Count Timing when Operating on External Clock (Both Edges Detected)

On-Chip RTC Clock Operation: Set the TPSC2-TPSCO0 bitsin TCR to select the on-chip RTC
clock asthe timer clock. Figure 13.6 shows the timing.

RTC output
clock

TCNT input 4#—\ ’—l—\—,i—
clock

TCNT N+1 X N X N -1 X

Figure13.6 Count Timing when Operating on On-Chip RTC Clock

Input Capture Function: Channel 2 has an input capture function (figure 13.7). When using the
input capture function, set the TCLK pin to input mode with the TCOE bit in the timer output
control register (TOCR) and set the timer operation clock to internal clock or on-chip RTC clock
with the TPCS2-TPCS0 hits in the timer control register (TCR2). Also, designate use of the input
capture function and whether to generate interrupts on input capture with the IPCE1- PCEOQ bitsin
TCR2, and designate the use of either the rising or falling edge of the TCLK pin to set the timer
counter (TCNT2) value into the input capture register (TCPR2) with the CKEG1-CKEGO bitsin
TCR2.

The input capture function cannot be used in standby mode.
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TCNT value TCOR value set to
/ TCNT during underflow

TCOR [~~~ ——~

H'00000000 ILLL‘—‘

TCLK |_|

TCPR2 X Set TCNT value

ICPI > N
C

» Time

Figure13.7 Operation Timing when Using Input Capture Function
(Using TCLK Rising Edge)
134  Interrupts

There are two sources of TMU interrupts: underflow interrupts (TUNI) and interrupts when using
the input capture function (TICPI2).

1341 StatusFlag Setting Timing

UNF isset to 1 when the TCNT underflows. Figure 13.8 shows the timing.

" L L L L L LT

TCNT X H00000000 )y X TCORvalue
((
Underflow
signal A ) |

UNF |

TUNI |

Figure13.8 UNF Setting Timing
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13.4.2 StatusFlag Clearing Timing

The status flag can be cleared by writing O from the CPU. Figure 13.9 shows the timing.

TCR write cycle

T T2 T3
Sl I O e O
Peripheral address bus >< TCR address

UNF

Figure13.9 StatusFlag Clearing Timing

13.4.3 Interrupt Sourcesand Priorities

The TMU produces underflow interrupts for each channel. When the interrupt request flag and
interrupt enable bit are both set to 1, an interrupt is requested. Codes are set in the interrupt event
registers (INTEVT, INTEVT2) for these interrupts and interrupt handling occurs according to the
codes.

Therelative priorities of channels can be changed using the interrupt controller (see section 4,
Exception Handling, and section 7, Interrupt Controller (INTC)). Table 13.3 lists TMU interrupt
SOurces.

Table13.3 TMU Interrupt Sources

Channel Interrupt Source Description Priority
0 TUNIO Underflow interrupt O High

1 TUNI1 Underflow interrupt 1

2 TUNI2 Underflow interrupt 2 I

2 TICPI2 Input capture interrupt 2 Low
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135 Usage Notes

135.1 Writing to Registers

Synchronization processing is not performed for timer counting during register writes. When
writing to registers, always clear the appropriate start bits for the channel (STR2-STRO) in the
timer start register (TSTR) to halt timer counting.

135.2 Reading Registers

Synchronization processing is performed for timer counting during register reads. When timer
counting and register read processing are performed simultaneoudly, the register value before
TCNT counting down (with synchronization processing) isread.
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Section 14 Redtime Clock (RTC)

141 Overview

The SH7729R has arealtime clock (RTC) with its own 32.768-kHz crystal oscillator.

14.1.1 Features

» Clock and calendar functions (BCD display): Seconds, minutes, hours, date, day of the week,
month, and year

e 1-Hzto 64-Hz timer (binary display)
e Start/stop function
e 30-second adjust function

« Alarminterrupt: Frame comparison of seconds, minutes, hours, date, day of the week, and
month can be used as conditions for the alarm interrupt

e Cyclicinterrupts: Theinterrupt cycle may be 1/256 second, 1/64 second, 1/16 second, 1/4
second, 1/2 second, 1 second, or 2 seconds

e Carry interrupt: A carry interrupt indicates when a carry occurs during a counter read
e Automatic leap year correction
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14.1.2 Block Diagram

Figure 14.1 shows a block diagram of the RTC.

Externally
connected
circuit | 30- :
EXTAL2 : second I
D Reset ADJ |
= | | Oscillator 128 Hz \
! circuit i i |
_|Z|<_|_ 11
ﬁ_| |I_ XTAL2 : : : Bus :
u
! 32.768 kHz T ROACNT | | interface é
| v 1> RSECCNT | | Uls
c
: Prescaler : RMINCNT : : §
I ©2) | I =
! 16.384 kHz | | RHRONT 'O !
RTCCLK «——@ I | RWKCNT | ! |
! | ! I
| v I
: Prescaler | RDAYCNT : :
| (0 128) ! | RMONCNT | | |
| |
! ''| RYRCNT !
| ! 1 :
! < |
|
ATl «—1— Interrupt < :
: control o :
PRI 4_: circuit a |
. | 2 |
i < | | RSECAR || || |
| |
| || RMINAR |1 | = |
|
! Carry | i | RHRAR L |
CUl +—1— detection I p !
I circuit > : RWKAR I |
l ! | RDAYAR | | :
| |
| ! | RMONAR | i |
| | | |
1 N R 1 |
: |
! Rcr1 K > |
|
! |
! RCR2 K > i
! l
! |
! |
e RTC-!
Legend
R64CNT: 64 Hz counter RSECAR:  Second alarm register
RSECCNT: Second counter RMINAR: Minute alarm register
RMINCNT:  Minute counter RHRAR: Hour alarm register
RHRCNT:  Hour counter RWKAR: Day-of-week alarm register
RWKCNT:  Day-of-week counter RDAYAR: Day alarm register
RDAYCNT: Day counter RMONAR:  Month alarm register
RMONCNT: Month counter RCR1: RTC control register 1
RYRCNT:  Year counter RCR2: RTC control register 2

Figure14.1 Block Diagram of RTC
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14.1.3 Pin Configuration
Table 14.1 shows the RTC pin configuration.

Table14.1 RTC Pins

Pin Abbreviation  1/O Description

RTC oscillator crystal pin EXTAL2 | Connects crystal to RTC oscillator*?
RTC oscillator crystal pin XTAL2 @) Connects crystal to RTC oscillator*?
Clock input/clock output TCLK 1/0 External clock input pin/input capture

control input pin/realtime clock (RTC)
output pin (shared by TMU)

*x1

Dedicated power-supply pin Vce—-RTC — Dedicated power-supply pin for RTC
for RTC
Dedicated GND pin for RTC Vss—RTC — Dedicated GND pin for RTC**

Notes: 1. Exceptin hardware standby mode, power must be supplied to all power supply pins,
including these, even when only the RTC is used (including standby mode).
2. When the RTC is not used, pull EXTALZ2 up (to Vcc) and make no connection for
XTAL2.
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1414

RTC Register Configuration

Table 14.2 shows the RTC register configuration.

Table14.2 RTC Registers

Name Abbreviation R/W Initial Value Address Access Size
64-Hz counter R64CNT R Undefined H'FFFFFECO 8
Second counter RSECCNT R/W  Undefined H'FFFFFEC2 8
Minute counter RMINCNT R/W  Undefined H'FFFFFEC4 8
Hour counter RHRCNT R/W  Undefined H'FFFFFEC6 8
Day of week counter RWKCNT R/W  Undefined H'FFFFFEC8 8
Date counter RDAYCNT R/W  Undefined H'FFFFFECA 8
Month counter RMONCNT R/W Undefined H'FFFFFECC 8
Year counter RYRCNT R/W  Undefined H'FFFFFECE 8
Second alarm register RSECAR RMW  Undefined” H'FFFFFEDO 8
Minute alarm register RMINAR RMW  Undefined® H'FFFFFED2 8
Hour alarm register RHRAR RMW  Undefined” H'FFFFFED4 8
Day of week alarm register RWKAR RMW  Undefined® H'FFFFFED6 8
Date alarm register RDAYAR RMW  Undefined” H'FFFFFED8 8
Month alarm register RMONAR RMW  Undefined® H'FFFFFEDA 8
RTC control register 1 RCR1 R/W  H'00 H'FFFFFEDC 8
RTC control register 2 RCR2 R/W  H'09 H'FFFFFEDE 8

Note: * Only the ENB bits of each register are initialized.

Rev. 5.0, 09/03, page 454 of 806

RENESAS



142 RTC Registers

1421 64-Hz Counter (R64CNT)

The 64-Hz counter (R64CNT) is an 8-bit read-only register that indicates the state of the RTC
divider circuit between 64 Hz and 1 Hz.

R64CNT isreset to H'00 by setting the RESET hit in RTC control register 2 (RCR2) or the ADJ
bitin RCR2 to 1.

R64CNT isnot initialized by a power-on reset or manual reset, or in standby mode.

Bit 7 isalwaysread as 0.

Bit. 7 6 5 4 3 2 1 0

\ — \ 1Hz \ 2Hz \ 4Hz \ 8Hz \ 16Hz \ 32Hz \ 64Hz \
Initial value: 0 — — — — — — _
RW: R R R R R R R R

14.2.2  Second Counter (RSECCNT)

The second counter (RSECCNT) is an 8-hit readable/writable register used for setting/counting in
the BCD-coded second section of the RTC. The count operation is performed by a carry for each
second of the 64-Hz counter.

The range that can be set is 00—59 (decimal). Errant operation will result if any other value is set.
Carry out write processing after halting the count operation with the START bit in RCR2.

RSECCNT isnot initialized by a power-on reset or manual reset, or in standby mode.

Bit: 7 6 5 4 3 2 1 0
‘ — ‘ 10 seconds 1 second
Initial value: 0 — — — — — — —
R/W: R R/W R/W R/W R/W R/W R/W R/W
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14.23 Minute Counter (RMINCNT)

The minute counter (RMINCNT) is an 8-bit readable/writable register used for setting/counting in
the BCD-coded minute section of the RTC. The count operation is performed by a carry for each
minute of the second counter.

The range that can be set is 00-59 (decimal). Errant operation will result if any other valueis set.
Carry out write processing after halting the count operation with the START bit in RCR2.

RMINCNT is not initialized by a power-on reset or manual reset, or in standby mode.

Bit: 7 6 5 4 3 2 1 0
‘ — ‘ 10 minutes 1 minute
Initial value: 0 — — — — — — —
R/W: R R/W R/W R/W R/W R/W R/W R/W

14.24 Hour Counter (RHRCNT)

The hour counter (RHRCNT) is an 8-bit readable/writable register used for setting/counting in the
BCD-coded hour section of the RTC. The count operation is performed by a carry for each 1 hour
of the minute counter.

The range that can be set is 00—23 (decimal). Errant operation will result if any other value is set.
Carry out write processing after halting the count operation with the START bit in RCR2 or using
acarry flag as shown in figure 14.2.

RHRCNT isnot initialized by a power-on reset or manual reset, or in standby mode.

Bit: 7 6 5 4 3 2 1 0
‘ — ‘ — ‘ 10 hours 1 hour
Initial value: 0 0 — — — — — —
R/W: R R R/W R/W R/W R/W R/W R/W
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14.25 Day of Week Counter (RWKCNT)

The day of week counter (RWKCNT) is an 8-hit readabl e/writable register used for
setting/counting in the BCD-coded day of week section of the RTC. The count operation is

performed by a carry for each day of the date counter.

The range that can be set is 0—6 (decimal). Errant operation will result if any other value is set.
Carry out write processing after halting the count operation with the START bit in RCR2.

RWKCNT is not initialized by a power-on reset or manual reset, or in standby mode.

Bit: 7 6 5 4 2 1 0
‘ - ‘ — ‘ — ‘ — ‘ Day of week
Initial value: 0 0 0 0 — — —
RW: R/W R/W R/W

Days of the week are coded as shown in table 14.3.

Table 14.3 Day-of-Week Codes (RWKCNT)

Day of Week Code

Sunday

Monday

Tuesday

Wednesday

Thursday

Friday

ol bW N|FL|O

Saturday
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14.2.6 Date Counter (RDAYCNT)

The date counter (RDAY CNT) is an 8-bit readable/writable register used for setting/counting in
the BCD-coded date section of the RTC. The count operation is performed by acarry for each day
of the hour counter.

The range that can be set is 01-31 (decimal). Errant operation will result if any other value is set.
Carry out write processing after halting the count operation with the START bit in RCR2.

RDAYCNT isnot initialized by a power-on reset or manual reset, or in standby mode.

The RDAY CNT range that can be set changes with each month and in leap years. Please confirm
the correct setting.

Bit: 7 6 5 4 3 2 1 0
‘ — ‘ — ‘ 10 days 1 day
Initial value: 0 0 — — — — — —
R/W: R R R/W R/W R/W R/W R/W R/W

14.2.7 Month Counter (RMONCNT)

The month counter (RMONCNT) is an 8-bit readable/writable register used for setting/counting in
the BCD-coded month section of the RTC. The count operation is performed by a carry for each
month of the date counter.

The range that can be set is 00—12 (decimal). Errant operation will result if any other value is set.
Carry out write processing after halting the count operation with the START bit in RCR2.

RMONCNT isnot initialized by a power-on reset or manual reset, or in standby mode.

Bit: 7 6 5 4 3 2 1 0
— — — 10 1 month
months
Initial value: 0 0 0 — — — — —
R/W: R R R R/W R/W R/W R/W R/W
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14.2.8 Year Counter (RYRCNT)

The year counter (RYRCNT) is an 8-bit readable/writable register used for setting/counting in the
BCD-coded year section of the RTC. The least significant 2 digits of the western calendar year are
displayed. The count operation is performed by a carry for each year of the month counter.

The range that can be set is 00—99 (decimal). Errant operation will result if any other value is set.
Carry out write processing after halting the count operation with the START bit in RCR2.

RYRCNT isnot initialized by a power-on reset or manual reset, or in standby mode.

Leap years are recognized by dividing the year counter value by 4 and obtaining afractional result
of 0.

Bit: 7 6 5 4 3 2 1 0
10 years 1 year

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

14.29 Second Alarm Register (RSECAR)

The second alarm register (RSECAR) is an 8-bit readabl e/writable register, and an alarm register
corresponding to the BCD-coded second section counter RSECCNT of the RTC. When the ENB
bit is set to 1, a comparison with the RSECCNT valueis performed. From among the
RSECAR/RMINAR/RHRAR/RWKAR/RDAY AR/RMONAR registers, the counter and alarm
register comparison is performed only on those with ENB bits set to 1, and if each of those
coincide, an RTC aarm interrupt is generated.

The range that can be set is 00—59 (decimal) + ENB bit. Errant operation will result if any other
valueis set.

The ENB bit in RSECAR isinitialized to 0 by a power-on reset. The remaining RSECAR fields
are not initialized by a power-on reset or manual reset, or in standby mode.

Bit: 7 6 5 4 3 2 1 0
‘ ENB ‘ 10 seconds 1 second
Initial value: 0 — — — — — _ _

RW: RW R/W R/W R/W R/W R/W R/W R/W
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14.2.10 Minute Alarm Register (RMINAR)

The minute dlarm register (RMINAR) is an 8-bit readable/writable register, and an alarm register
corresponding to the BCD-coded minute section counter RMINCNT of the RTC. When the ENB
bit is set to 1, a comparison with the RMINCNT value is performed. From among the
RSECAR/RMINAR/RHRAR/RWKAR/RDAY AR/RMONAR registers, the counter and alarm
register comparison is performed only on those with ENB bits set to 1, and if each of those
coincide, an RTC alarm interrupt is generated.

The range that can be set is 00—59 (decimal) + ENB bit. Errant operation will result if any other
valueis set.

The ENB bitin RMINAR isinitialized by a power-on reset. The remaining RMINAR fields are
not initialized by a power-on reset or manual reset, or in standby mode.

Bit: 7 6 5 4 3 2 1 0
‘ ENB ‘ 10 minutes 1 minute
Initial value: 0 — — — — — _ _

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

14.211 Hour Alarm Register (RHRAR)

The hour alarm register (RHRAR) is an 8-bit readabl e/writable register, and an alarm register
corresponding to the BCD-coded hour section counter RHRCNT of the RTC. When the ENB hit is
set to 1, acomparison with the RHRCNT value is performed. From among the
RSECAR/RMINAR/RHRAR/RWKAR/RDAY AR/RMONAR registers, the counter and alarm
register comparison is performed only on those with ENB bits set to 1, and if each of those
coincide, an RTC aarm interrupt is generated.

The range that can be set is 00—23 (decimal) + ENB bit. Errant operation will result if any other
valueis set.

The ENB bitin RHRAR isinitialized by a power-on reset. The remaining RHRAR fields are not
initialized by a power-on reset or manual reset, or in standby mode.

Bit: 7 6 5 4 3 2 1 0
‘ ENB ‘ — ‘ 10 hours 1 hour
Initial value: 0 0 — — — — — _
R/W: RW R R/W R/W R/W R/W R/W R/W
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14.2.12 Day of Week Alarm Register (RWKAR)

The day of week alarm register (RWKAR) is an 8-bit readable/writable register, and an alarm
register corresponding to the BCD-coded day of week section counter RWKCNT of the RTC.
When the ENB hit is set to 1, a comparison with the RWKCNT value is performed. From among
the RSECAR/RMINAR/RHRAR/RWKAR/RDAY AR/RMONAR registers, the counter and alarm
register comparison is performed only on those with ENB bits set to 1, and if each of those

coincide, an RTC alarm interrupt is generated.

The range that can be set is 0—6 (decimal) + ENB bit. Errant operation will result if any other

valueis set.

The ENB bitin RWKAR isinitialized by a power-on reset. The remaining RWKAR fields are not
initialized by a power-on reset or manual reset, or in standby mode.

Bit: 7 6 5 4 2 1 0
‘ ENB ‘ — ‘ — ‘ — ‘ Day of week
Initial value: 0 0 0 0 — — —
RW: RW R/W R/W R/W

Days of the week are coded as shown in table 14.4.

Table14.4 Day-of-Week Codes (RWKAR)

Day of Week Code

Sunday

Monday

Tuesday

Wednesday

Thursday

Friday

Ol b~ W|NIF| O

Saturday
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14.2.13 DateAlarm Register (RDAYAR)

The date alarm register (RDAY AR) is an 8-bit readable/writable register, and an alarm register
corresponding to the BCD-coded date section counter RDAY CNT of the RTC. When the ENB bit
isset to 1, acomparison with the RDAY CNT value is performed. From among the registers
RSECAR, RMINAR, RHRAR, RWKAR, RDAY AR, RMONAR, the counter and alarm register
comparison is performed only on those with ENB bits set to 1, and if each of those coincide, an
RTC alarm interrupt is generated.

The range that can be set is 01-31 (decimal) + ENB bit. Errant operation will result if any other
valueisset. The RDAY CNT range that can be set changes with some months and in leap years.
Please confirm the correct setting.

The ENB bitin RDAYAR isinitialized by a power-on reset. The remaining RDAY AR fields are
not initialized by a power-on reset or manual reset, or in standby mode.

Bit. 7 6 5 4 3 2 1 0
\ ENB \ — \ 10 days 1 day
Initial value: 0 0 — — — — — _
RW: RMW R RW RW RW RW RW  RW

14.2.14 Month Alarm Register (RMONAR)

The month alarm register (RMONAR) is an 8-bit readable/writable register, and an alarm register
corresponding to the BCD-coded month section counter RMONCNT of the RTC. When the ENB
bit is set to 1, a comparison with the RMONCNT value is performed. From among the registers
RSECAR, RMINAR, RHRAR, RWKAR, RDAY AR, RMONAR, the counter and alarm register
comparison is performed only on those with ENB bits set to 1, and if each of those coincide, an
RTC alarm interrupt is generated.

The range that can be set is 01-12 (decimal) + ENB bit. Errant operation will result if any other
valueis set.

The ENB bitin RMONAR isinitialized by a power-on reset. The remaining RMONAR fields are
not initialized by a power-on reset or manual reset, or in standby mode.

Bit: 7 6 5 4 3 2 1 0
ENB — — 10 1 month
months
Initial value: 0 0 0 — — — — _
R/W: RW R R R/W R/W R/W R/W R/W
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14.2.15 RTC Control Register 1 (RCR1)

The RTC control register 1 (RCRL1) is an 8-bit readable/writable register that affects carry flags
and alarm flags. It also selects whether to generate interrupts for each flag. Because flags are
sometimes set after an operand read, do not use this register in read-modify-write processing.

RCRL1 isinitialized to H'00 by a power-on reset. In amanual reset, al bits areinitialized to 0
except for the CF flag, which is undefined. When using the CF flag, it must be initialized
beforehand. Thisregister is not initialized in standby mode.

Bit: 7 6 5 4 3 2 1 0
\ CF \ — \ — \ CIE \ AIE \ — \ — \ AF \
Initial value: 0 0 0 0 0 0 0 0
RW: RMW R R RIW RIW R R RIW

Bit 7—Carry Flag (CF): Statusflag that indicates that a carry has occurred. CFissetto 1 when a
count-up to R64CNT or RSECCNT occurs. A count register value read at this time cannot be
guaranteed; another read is required.

Bit 7: CF Description
0 No count up of R64CNT or RSECCNT

Clearing condition: When 0 is written to CF (Initial value)
1 Count up of R64CNT or RSECCNT

Setting condition: When 1 is written to CF

Bits 6, 5, 2, and 1—Reserved: These bits are always read as 0. The write value should always be
0.

Bit 4—Carry Interrupt Enable Flag (CIE): When the carry flag (CF) is set to 1, the CIE bit
enablesinterrupts.

Bit 4: CIE Description
0 A carry interrupt is not generated when the CF flag is setto 1 (Initial value)
1 A carry interrupt is generated when the CF flag is setto 1
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Bit 3—Alarm Interrupt Enable Flag (AIE): When the alarm flag (AF) is set to 1, the AIE bit
alowsinterrupts.

Bit 3: AIE Description
0 An alarm interrupt is not generated when the AF flag is setto 1

(Initial value)
1 An alarm interrupt is generated when the AF flag is setto 1

Bit 0—Alarm Flag (AF): The AF flag is set to 1 when the alarm time set in an alarm register
(only registers with ENB hit set to 1) matches the clock and calendar time. Thisflag iscleared to
0 when 0 is written, but holds its previous value when 1 is written.

Bit 0: AF Description

0 Clock/calendar and alarm register have not matched since last reset to O
Clearing condition: When 0 is written to AF (Initial value)

1 Setting condition: Clock/calendar and alarm register have matched (only

registers with ENB set)”

Note: * Contents do not change when 1 is written to AF.

14.2.16 RTC Control Register 2 (RCR2)

The RTC control register 2 (RCR2) is an 8-bit readable/writable register for periodic interrupt
control, 30-second adjustment ADJ, divider circuit RESET, and RTC count start/stop control. It is
initialized to H'09 by a power-on reset. It isinitialized except for RTCEN and START by a
manual reset. It is not initialized, and retains its contents, in standby mode.

Bit: 7 6 5 4 3 2 1 0
\ PEF \ PES2 \ PES1 \ PESO ‘RTCEN‘ ADJ \ RESET \ START‘
Initial value: 0 0 0 0 1 0 0 1

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

Bit 7—Periodic Interrupt Flag (PEF): Indicates interrupt generation with the period designated
by the PES bits. When set to 1, PEF generates periodic interrupts.

Bit 7: PEF Description

0 Interrupts not generated with the period designated by the PES bits
Clearing condition: When 0 is written to PEF (Initial value)

1 Interrupts generated with the period designated by the PES bits

Setting condition: When 1 is written to PEF

Rev. 5.0, 09/03, page 464 of 806
RENESAS



Bits 6 to 4—Periodic Interrupt Flags (PES2-PESD): Specify the periodic interrupt.

Bit 6: PES2 Bit 5: PES1 Bit4: PESO Description

0 0 0 No periodic interrupts generated (Initial value)
1 Periodic interrupt generated every 1/256 second
1 0 Periodic interrupt generated every 1/64 second
1 Periodic interrupt generated every 1/16 second
1 0 0 Periodic interrupt generated every 1/4 second
1 Periodic interrupt generated every 1/2 second
1 0 Periodic interrupt generated every 1 second
1 Periodic interrupt generated every 2 seconds

Bit 3—RTCEN: Controls the operation of the crystal oscillator for the RTC.

Bit 3: RTCEN Description
0 Crystal oscillator for RTC is halted
1 Crystal oscillator for RTC runs (Initial value)

Bit 2—30 Second Adjustment (ADJ): When 1 iswritten to the ADJ bit, times of 29 seconds or
less will be rounded to 00 seconds and 30 seconds or more to 1 minute. The divider circuit will be
simultaneoudly reset. Thisbit is always read as 0. The maximum duration between when the ADJ
bit is set to 1 and when the new setting is reflected in the readout value from the seconds counter
(RSECCNT) is approximately 91.6 s (when a 32.768 kHz quartz oscillator is connected to the
EXTALZ2 pin).

Bit 2: ADJ Description
0 Runs normally (Initial value)
1 (Write) 30-second adjustment

Bit 1—Reset (RESET): When 1 iswritten, initializes the divider circuit (RTC prescaler and
R64CNT). Thishit isalways read as 0.

Bit 1: RESET Description
0 Runs normally (Initial value)
1 (Write) Divider circuit is reset
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Bit 0—Start Bit (START): Halts and restarts the counter (clock).

Bit 0: START Description
0 Second/minute/hour/day/week/month/year counter halts*
1 Second/minute/hour/day/week/month/year counter runs normally*

(Initial value)

Note: * The 64-Hz counter always runs unless stopped with the RTCEN bit.

143 RTC Operation

14.31 Initial Settings of Registersafter Power-On

All the registers should be set after the power is turned on.

14.3.2  Settingthe Time

Figure 14.2 shows how to set the time when the clock is stopped. This works when the entire
calendar or clock isto be set.

To reset the divider circuit (RTC prescaler
and R64CNT) and set the counter

Stop clock, Write 1 to RESET and 0 to
reset divider circuit | START in the RCR2 register

Set seconds, minutes,
hour, day, day of the | Order is irrelevant
week, month and year

Write 1 to START in the
Start clock RCR2 register

v

Figure14.2 Settingthe Time
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14.3.3

Reading the Time

Figure 14.3 shows how to read the time. If a carry occurs while reading the time, the correct time
will not be obtained, so it must be read again. Part (a) in figure 14.3 shows the method of reading
the time without using interrupts; part (b) in figure 14.3 shows the method using carry interrupts.
To keep programming smple, method (@) should normally be used.

a. To read the time

without using interrupts

Disable the carry
interrupt

—>|

Clear the carry flag

Read counter
register

Yes

Carry flag = 1?

b. To use interrupts

».
>

Enable the carry
interrupt
Clear the carry flag

Read counter
register

Yes Interrupt

generated?

Disable the carry
interrupt

Write 0 to CIE in RCR1
Note: Set AF to 1 so that alarm
flag is not cleared.

Read RCR1 and check CF

Write 1 to CIE in RCR1,

and write 0 to CF in RCR1

Note: Set AF in RCR1 to 1 so that
alarm flag is not cleared.

Write 0 to CIE in RCR1

Figure14.3 Readingthe Time
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14.3.4 Alarm Function

Figure 14.4 shows how to use the alarm function.

Alarms can be generated using seconds, minutes, hours, day of the week, date, month, or any
combination of these. Set the ENB hit (bit 7) to 1 in the register to which the alarm applies, and
then set the alarm time in the lower bits. Clear the ENB bit to 0 in registersto which the alarm

does not apply.

When the clock and alarm times match, 1 is set in the AF bit (bit 0) in RCR1. Alarm detection can
be checked by reading this bit, but normally it is done by interrupt. If 1is placed inthe AIE bit (bit
3) in RCR1, an interrupt is generated when an alarm occurs.

Clock running

Set whether to use
alarm interrupt

Set alarm time

Clear alarm flag

Monitor alarm time
(wait for interrupt or
check alarm flag)

When using interrupts, the interrupt
enable bit (bit 3 of RCR1) is 1.

Always set, since the flag may have been
set while the alarm time was being set.
Write 0 to bit 0 of RCR1 to clear it.

Figure14.4 Usingthe Alarm Function
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14.35 Crystal Oscillator Circuit

Crystal oscillator circuit constants (recommended values) are shown in table 14.5, and the RTC
crystal oscillator circuit in figure 14.5.

Table14.5 Recommended Oscillator Circuit Constants (Recommended Values)

fosc Cin Cout

32.768 kHz 10 to 22 pF 10 to 22 pF
v

SH7729R Ry
ii Rp
EXTAL2 XTAL2
/[A|X|/ SAIIIYY . LIS IS

| | XTAL
LI

Cin Cout

Notes: 1. Select either the C;, or C,; side for the frequency adjustment variable capacitor
according to requirements such as frequency range, degree of stability, etc.

2. Built-in resistance value R¢ (Typ value) = 10 M(J, Rp (Typ value) = 400 k[J

3. Ci, and C,; values include floating capacitance due to the wiring. Take care
when using a ground plane.

4. The crystal oscillation settling time depends on the mounted circuit constants,
floating capacitance, etc., and should be decided after consultation with the
crystal resonator manufacturer.

5. Place the crystal resonator and load capacitors Cj, and C, as close as possible
to the chip.

(Correct oscillation may not be possible if there is externally induced noise in the
EXTAL2 and XTAL2 pins.)

6. Ensure that the crystal resonator connection pin (EXTAL2, XTAL2) wiring is
routed as far away as possible from other power lines (except GND) and signal
lines.

Figure14.5 Example of Crystal Oscillator Circuit Connection
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144  Usage Notes

1441 Register Writing during RTC Count
The following RTC registers cannot be written to during an RTC count (while bit 0 = 1 in RCR2).
RSECCNT, RMINCNT, RHRCNT, RDAYCNT, RWKCNT, RMONCNT, RYRCNT

The RTC count must be halted before writing to any of the above registers.

14.4.2 Useof Realtime Clock (RTC) Periodic Interrupts
The method of using the periodic interrupt function is shown in figure 14.6.

A periodic interrupt can be generated periodically at the interval set by the periodic interrupt
enable flag (PES) in RTC control register 2 (RCR2). When the time set by the periodic interrupt
enable flag (PES) has elapsed, the periodic interrupt flag (PEF) isset to 1.

The periodic interrupt flag (PEF) is cleared to 0 upon periodic interrupt generation when the
periodic interrupt enable flag (PES) is set. Periodic interrupt generation can be confirmed by
reading this bit, but normally the interrupt function is used.

Set PES, clear PEF Set PES, and clear PEF to 0,
in RCR2

»
P

Elapse of time set by PES

Clear PEF Clear PEF to 0

Figure14.6 Using Periodic Interrupt Function

14.43 Precautionswhen Using RTC M odule Standby

Before switching the RTC to module standby, access at |east one among the registers RTC, SCI,
and TMU.
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Section 15 Serial Communication Interface (SCI)

151 Overview

The SH7729R has an on-chip serial communication interface (SCI) that supports both
asynchronous and clock synchronous serial communication. It aso has a multiprocessor
communication function for serial communication among two or more processors. The SCI
supports a smart card interface, which isaserial communication feature for 1C card interfaces that
conformsto the ISO/IEC standard 7816-3 for identification cards. See section 16, Smart Card
Interface, for more information.

15.1.1 Features
Selection of asynchronous or synchronous as the serial communication mode.

e Asynchronous mode:

0 Serial data communication is synchronized by start-stop in character units. The SCI can
communicate with a universal asynchronous receiver/transmitter (UART), an asynchronous
communication interface adapter (ACIA), or any other communications chip that employs
a standard asynchronous seria system. It can also communicate with two or more other
processors using the multiprocessor communication function. There are 12 selectable serial
data communication formats.

Datalength: 7 or 8 bits

Stop bit length: 1 or 2 bits

Parity: Even, odd, or none

Multiprocessor bit: 1 or 0

Receive error detection: Parity, overrun, and framing errors

Break detection: By reading the RxD level directly from the SC port data register (SCPDR)
when aframing error occurs

«  Synchronous mode:

0 Serial datacommunication is synchronized with a clock signal. The SCI can communicate
with other chips having a synchronous communication function. Thereis one serial data
communication format.

0 Datalength: 8 bits

0 Receive error detection: Overrun errors

O0Ooooogdg

* Full duplex communication: The transmitting and receiving sections are independent, so the
SCI can transmit and receive simultaneoudly. Both sections use double buffering, so
continuous data transfer is possible in both the transmit and receive directions.

e On-chip baud rate generator with selectable hit rates
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» Internal or external transmit/receive clock source: From either baud rate generator (internal) or
SCK pin (external)

« Four types of interrupts: Transmit-data-empty, transmit-end, receive-data-full, and receive-
error interrupts are requested independently.

«  Whenthe SCl isnot in use, it can be stopped by halting the clock supplied to it, saving power.

15.1.2 Block Diagram

Figure 15.1 shows a block diagram of the SCI.

I
I
o) I
[} |
% | Internal
Module data bus i data bus
g
@

| SCRDR | | SCTDR | SCPCR [ SCBRR
SCPDR
SCSSR

SCSCR Baud rate («——+—P¢
SCSMR generator

|
«—— Py/4

y y
RxD—» | SCRSR || | SCTSR
A

Transmit/ I
| receive ¢ | Po/16
TxD | control L P¢/64
XD <
: Parity generation | 1 % Clock | 1 i
| Parity check !
|
External clock i
SCK - i
| > TEI
I - TXI
i » RXI
i > ERI
b SCl---------—--=
Legend
SCRSR: Receive shift register SCSCR: Serial control register
SCRDR: Receive data register SCSSR: Serial status register
SCTSR: Transmit shift register SCBRR: Bit rate register
SCTDR: Transmit data register SCPDR: SC port data register
SCSMR: Serial mode register SCPCR: SC port control register

Figure15.1 Block Diagram of SCI
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Figures 15.2, 15.3, and 15.4 show block diagrams of the SCI 1/O port pins.

SCIF pin I/O and data control is performed by bits 11 to 8 of SCPCR and bits 5 and 4 of SCPDR.
For details, see section 15.2.8, SC Port Control Register (SCPCR)/SC Port Data Register
(SCPDR).

Reset
|
R
D
SCP1MDO
Q

C

I
PCRW
Relset

Internal data bus

R
Q D
_O<:C SCP1MD1

Cc SClI
| e
PCRW

Clock input enable
Reset

|
SCPT[1]/SCKO R

Q D
g SCP1DT1

V4 T

PDRW

Output enable

Serial clock output

A4

>

PDRR*

Serial clock input

Legend

PDRW: SCPDR write
PDRR: SCPDR read
PCRW: SCPCR write

Note: * When reading the SCKO pin, clear the C/A bit in SCSMR and the CKE1 and CKEO
bits in SCSCR to 0, and set the SCP1MD1 bit in SCPCR to 1 (see section 15.2.8,
SC Port Control Register (SCPCR)/SC Port Data Register (SCPDR)).

Figure15.2 SCPT[1]/SCKO Pin
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Reset

|
R
D
SCPOMDO
Q

C
I
PCRW

::C Relset
R

Q D)

Internal data bus

,_l

SCPOMD1

i
PCRW

Reset

|
SCPT[0]/TxDO o— R

Q D
SCPODT1

C
I
PDRW

Output enable

Serial
transmission
output

Legend
PCRW: SCPCR write
PDRW: SCPDR write

Figure15.3 SCPT[Q]/TxDO0 Pin
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SCI
SCPT[0])/RxDO ==
|
:
: Serial
| receive
| data
|
Internal data bus
PDRR*
Legend

PDRR: PDRread
Note: * When reading the RxDO pin, set the RE bit in SCSCR to 1.

Figure15.4 SCPT[0]/RxDO0 Pin

15.1.3 Pin Configuration
The SCI hasthe serial pins summarized in table 15.1.

Table15.1 SCI Pins

Pin Name Abbreviation 110 Function

Serial clock pin SCKO 110 Clock 110

Receive data pin RxDO Input Receive data input
Transmit data pin TxDO Output Transmit data output

Note: These pins are made to function as serial pins by performing SCI operation settings with the
TE, RE, CKEI, and CKEO bits in SCSCR and the C/A bit in SCSMR. Break state
transmission and detection can be performed by means of the SCI's SCSPTR register.
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15.1.4 Register Configuration

Table 15.2 summarizes the SCI internal registers. These registers select the communication mode
(asynchronous or synchronous), specify the data format and bit rate, and control the transmitter
and receiver sections.

Table15.2 SCI Registers

Name Abbreviation R/W Initial Value  Address Access size
Serial mode register SCSMR R/W H'00 H'FFFFFE80 8
Bit rate register SCBRR R/W H'FF H'FFFFFE82 8
Serial control register SCSCR R/W H'00 H'FFFFFE84 8
Transmit data register ~ SCTDR R/W H'FF H'FFFFFE86 8
Serial status register SCSSR R/ON)*l H'84 H'FFFFFE88 8
Receive data register SCRDR R H'00 H'FFFFFESA 8
SC port data register SCPDR R/W H'00 H'04000136 8
(H'A4000136)*?
SC port control register SCPCR R/W H'A888 H'04000116 16
(H'A4000116)*?

Notes: These registers are located in area 1 of physical space. Therefore, when the cache is on,
either access these registers from the P2 area of logical space or else make an appropriate
setting using the MMU so that these registers are not cached.

1. The only value that can be written is 0 to clear the flags.

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

15.2  Register Descriptions

15.21  Receive Shift Register (SCRSR)

The receive shift register (SCRSR) receives seria data. Datainput at the RxD pin isloaded into
SCRSR in the order received, LSB (bit 0) first, converting the data to parallel form. When one
byte has been received, it is automatically transferred to SCRDR. The CPU cannot read or write to
SCRSR directly.

Bit: 7 6 5 4 3 2 1 0

RW:  — — — — — — — —
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15.22 Receive Data Register (SCRDR)

Thereceive dataregister (SCRDR) stores serial receive data. The SCI compl etes the reception of
one byte of serial data by moving the received data from the receive shift register (SCRSR) into

SCRDR for storage. SCRSR is then ready to receive the next data. This double buffering allows
the SCI to receive data continuously.

The CPU can read but not write to SCRDR. SCRDR isinitialized to H'00 by areset and in standby
or module standby mode.

Bit: 7 6 5 4 3 2 1 0

| | | | | | | |
Initial value: 0 0 0 0 0 0 0 0
R/W: R R R R R R R R

15.23 Transmit Shift Register (SCTSR)

The transmit shift register (SCTSR) transmits serial data. The SCI loads transmit data from the
transmit data register (SCTDR) into SCTSR, then transmits the data serialy from the TxD pin,
LSB (bit O) first. After transmitting one-byte data, the SCI automatically loads the next transmit
datafrom SCTDR into SCTSR and starts transmitting again. If the TDRE bit in SCSSRis 1,
however, the SCI does not load the SCTDR contents into SCTSR. The CPU cannot read or write
to SCTSR directly.

Bit: 7 6 5 4 3 2 1 0

RW:  — — — — — — — —
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15.24 Transmit Data Register (SCTDR)

The transmit data register (SCTDR) is an 8-hit register that stores datafor seria transmission.
When the SCI detects that the transmit shift register (SCTSR) is empty, it moves transmit data
written in SCTDR into SCTSR and starts serial transmission. Continuous serial transmission is
possible by writing the next transmit datain SCTDR during seria transmission from SCTSR.

The CPU can aways read and writeto SCTDR. SCTDR isinitialized to H'FF by areset and in
standby or module standby mode.

Bit: 7 6 5 4 3 2 1 0

Initial value: 1 1 1 1 1 1 1 1
R/W: R/W R/W R/W R/W R/W R/W R/W R/W

15.25 Serial Mode Register (SCSMR)

The serial mode register (SCSMR) is an 8-hit register that specifies the SCI serial communication
format and selects the clock source for the baud rate generator.

The CPU can aways read and write to SCSMR. SCSMR isinitialized to H'00 by areset and in
standby or module standby mode.

Bit: 7 6 5 4 3 2 1 0
\ C/A \ CHR \ PE \ OE \ STOP \ MP \ CKS1 \ CKSO \
Initial value: 0 0 0 0 0 0 0 0

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

Bit 7—Communication M ode (C/A): Selects whether the SCI operates in asynchronous or
synchronous mode.

Bit 7: C/A Description
0 Asynchronous mode (Initial value)
1 Synchronous mode
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Bit 6—Character Length (CHR): Selects 7-bit or 8-bit data in asynchronous mode. In the
synchronous mode, the data length is always eight bits, regardless of the CHR setting.

Bit 6: CHR Description
0 8-bit data (Initial value)
1 7-bit data

When 7-bit data is selected, the MSB (bit 7) of the transmit data register is not
transmitted.

Bit 5—Parity Enable (PE): Selects whether to add a parity bit to transmit data and to check the
parity of receive data, in asynchronous mode. In synchronous mode, a parity bit is neither added
nor checked, regardless of the PE setting.

Bit 5: PE Description
0 Parity bit not added or checked (Initial value)
1 Parity bit added and checked

When PE is set to 1, an even or ogd parity bit is added to transmit data,
depending on the parity mode (O/E) setting. Receive data parity is checked
according to the even/odd (O/E) mode setting.

Bit 4—Parity M ode (O/E): Selects even or odd parity when parity bits are added and checked.
The O/E setting is used only in asynchronous mode and only when the parity enable bit (PE) is set
to 1 to enable parity addition and checking. The O/E setting isignored in synchronous mode, or in
asynchronous mode when parity addition and checking is disabled.

Bit 4: O/E Description

0 Even parity (Initial value)
If even parity is selected, the parity bit is added to transmit data to make an even
number of 1s in the transmitted character and parity bit combined. Receive data
is checked to see if it has an even number of 1s in the received character and
parity bit combined.

1 Odd parity

If odd parity is selected, the parity bit is added to transmit data to make an odd
number of 1s in the transmitted character and parity bit combined. Receive data
is checked to see if it has an odd number of 1s in the received character and
parity bit combined.
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Bit 3—Stop Bit Length (STOP): Selects one or two hits as the stop bit length in asynchronous
mode. This setting is used only in asynchronous mode. It isignored in synchronous mode because
no stop bits are added.

When receiving, only the first stop bit is checked, regardless of the STOP hit setting. If the second
stop bitis 1, it istreated as a stop hit, but if the second stop hit is 0, it istreated as the start bit of
the next incoming character.

Bit 3: STOP Description

0 One stop bit (Initial value)
When transmitting, a single 1-bit is added at the end of each transmitted
character.

1 Two stop hits

When transmitting, two 1-bits are added at the end of each transmitted character.

Bit 2—M ultiprocessor M ode (M P): Selects multiprocessor format. When multiprocessor format
is selected, settings of the parity enable (PE) and parity mode (O/E) bits are ignored. The MP bit
setting is used only in asynchronous mode; it is ignored in synchronous mode. For the
multiprocessor communication function, see section 15.3.3, Multiprocessor Communication.

Bit 2: MP Description
0 Multiprocessor function disabled (Initial value)
1 Multiprocessor format selected

Bits 1 and 0—Clock Select 1 and 0 (CK S1, CK S0): Select the internal clock source of the on-
chip baud rate generator. Four clock sources are available. Pg, Pg/4, P@/16, and P@/64. For further
information on the clock source, bit rate register settings, and baud rate, see section 15.2.9, Bit
Rate Register (SCBRR).

Bit 1: CKS1 Bit 0: CKSO Description

0 0 Po (Initial value)
1 P@4

1 0 P@16
1 P@64

Note: Pq Peripheral clock
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15.2.6  Serial Control Register (SCSCR)

The serial control register (SCSCR) operates the SCI transmitter/receiver, selects the seria clock
output in asynchronous mode, enables/disables interrupt requests, and selects the transmit/receive
clock source. The CPU can aways read and write to SCSCR. SCSCR isinitialized to H'00 by a
reset and in standby or module standby mode.

Bit: 7 6 5 4 3 2 1 0
\ TIE \ RIE \ TE \ RE \ MPIE \ TEIE \ CKE1 \ CKEO \
Initial value: 0 0 0 0 0 0 0 0

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

Bit 7—Transmit Interrupt Enable (TIE): Enables or disables the transmit-data-empty interrupt
(TXI1) requested when the transmit data register empty bit (TDRE) in the serial status register
(SCSSR) isset to 1 dueto transfer of seria transmit data from SCTDR to SCTSR.

Bit 7: TIE Description

0 Transmit-data-empty interrupt request (TXI) is disabled (Initial value)

The TXI interrupt request can be cleared by reading TDRE after it has been set
to 1, then clearing TDRE to 0, or by clearing TIE to 0.

1 Transmit-data-empty interrupt request (TXI) is enabled

Bit 6—Receive Interrupt Enable (RIE): Enables or disables the receive-data-full interrupt (RXI)
regquested when the receive data register full bit (RDRF) in the serial status register (SCSSR) is set
to 1 due to transfer of serial receive data from SCRSR to SCRDR. It also enables or disables
receive-error interrupt (ERI) requests.

Bit 6: RIE Description
0 Receive-data-full interrupt (RXI) and receive-error interrupt (ERI) requests are
disabled (Initial value)

RXI and ERI interrupt requests can be cleared by reading the RDRF flag or error
flag (FER, PER, or ORER) after it has been set to 1, then clearing the flag to 0, or
by clearing RIE to 0.

1 Receive-data-full interrupt (RXI) and receive-error interrupt (ERI) requests are
enabled
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Bit 5—Transmit Enable (TE): Enables or disablesthe SCI serial transmitter.

Bit 5: TE Description

0 Transmitter disabled (Initial value)
The transmit data register empty bit (TDRE) in the serial status register (SCSSR)
is fixed at 1.

1 Transmitter enabled

Serial transmission starts when the transmit data register empty (TDRE) bit in the
serial status register (SCSSR) is cleared to 0 after writing of transmit data into the
SCTDR. Select the transmit format in SCSMR before setting TE to 1.

Bit 4—Receive Enable (RE): Enables or disablesthe SCI seria receiver.

Bit 4: RE Description

0 Receiver disabled (Initial value)
Clearing RE to 0 does not affect the receive flags (RDRF, FER, PER, ORER).
These flags retain their previous values.

1 Receiver enabled

Serial reception starts when a start bit is detected in asynchronous mode, or
synchronous clock input is detected in synchronous mode. Select the receive
format in SCSMR before setting RE to 1.

Bit 3—M ultiprocessor Interrupt Enable (M PIE): Enables or disables multiprocessor interrupts.
The MPIE setting is used only in asynchronous mode, and only if the multiprocessor mode bit
(MP) in the serial mode register (SCSMR) is set to 1 during reception. The MPIE setting is
ignored in synchronous mode or when the MP bit is cleared to O.

Bit 3: MPIE Description
0 Multiprocessor interrupts are disabled (normal receive operation)
(Initial value)
MPE is cleared to 0 when MPIE is cleared to O, or the multiprocessor bit (MPB) is
set to 1 in receive data.
1 Multiprocessor interrupts are enabled

Receive-data-full interrupt requests (RXI), receive-error interrupt requests (ERI),
and setting of the RDRF, FER, and ORER status flags in the serial status register
(SCSSR) are disabled until data with a multiprocessor bit of 1 is received.

The SCI does not transfer receive data from SCRSR to SCRDR, does not detect
receive errors, and does not set the RDRF, FER, and ORER flags in the serial
status register (SCSSR). When it receives data that includes MPB =1, the
SCSSR’s MPB flag is set to 1, and the SCI automatically clears MPIE to 0O,
generates RXI and ERI interrupts (if the TIE and RIE bits in the SCSCR are set to
1), and allows the FER and ORER bits to be set.
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Bit 2—Transmit-End Interrupt Enable (TEIE): Enables or disables the transmit-end interrupt
(TEI) requested if SCTDR does not contain new transmit data when the MSB is transmitted.

Bit 2: TEIE Description
0 Transmit-end interrupt (TEI) requests are disabled” (Initial value)
1 Transmit-end interrupt (TEI) requests are enabled”

Note: * The TEI request can be cleared by reading the TDRE bit in the serial status register
(SCSSR) after it has been set to 1, then clearing TDRE to 0 and clearing the transmit end
(TEND) bit to 0, or by clearing the TEIE bit to 0.

Bits 1 and 0—Clock Enable 1 and 0 (CKE1, CKEO): Select the SCI clock source and enable or
disable clock output from the SCK pin. Depending on the combination of CKE1 and CKEQ, the
SCK pin can be used for serial clock output or serial clock input.

The CKEO setting is valid only in asynchronous mode, and only when the SCI isinternally
clocked (CKEL = 0). The CKEO setting isignored in synchronous mode, or when an external
clock source is selected (CKEL = 1). Before selecting the SCI operating mode in the serial mode
register (SCSMR), set CKE1 and CKEQ. For further details on selection of the SCI clock source,
seetable 15.10 in section 15.3, Operation.

Bit 1: Bit O:
CKE1l CKEO Description
0 0 Asynchronous mode Internal clock, SCK pin used for input pin (input
signal is ignored) (Initial value)
Synchronous mode Internal clock, SCK pin used for serial clock output
(Initial value)
1 Asynchronous mode Internal clock, SCK pin used for clock output*l
Synchronous mode Internal clock, SCK pin used for serial clock output
1 0 Asynchronous mode External clock, SCK pin used for clock input*2
Synchronous mode External clock, SCK pin used for serial clock input
1 Asynchronous mode External clock, SCK pin used for clock input*2
Synchronous mode External clock, SCK pin used for serial clock input

Notes: 1. The output clock frequency is the same as the bit rate.
2. The input clock frequency is 16 times the bit rate.
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15.2.7 Serial Status Register (SCSSR)

The serial status register (SCSSR) is an 8-bit register containing multiprocessor bit values, and
status flags that indicate the SCI operating state.

The CPU can always read and write to SCSSR, but cannot write 1 to the status flags (TDRE,
RDRF, ORER, PER, and FER). These flags can be cleared to 0 only if they have first been read
(after being set to 1). Bits 2 (TEND) and 1 (MPB) are read-only bits that cannot be written.
SCSSRisinitialized to H'84 by areset and in standby or modul e standby mode.

Bit: 7 6 5 4 3 2 1 0

\ TDRE \ RDRF \ ORER \ FER \ PER \ TEND \ MPB \ MPBT \
Initial value: 1 0 0 0 0 1 0 0
RIW:  RIW)*  RIW)* RIW)* RIW)* RIW)* R R RIW

Note: * The only value that can be written is O to clear the flag.

Bit 7—Transmit Data Register Empty (TDRE): Indicates that the SCI has |oaded transmit data
from SCTDR into SCTSR and new seria transmit data can be written in SCTDR.

Bit 7: TDRE Description

0 SCTDR contains valid transmit data

TDRE is cleared to 0 when software reads TDRE after it has been set to 1, then
writes 0 in TDRE or data is written in SCTDR.

1 SCTDR does not contain valid transmit data (Initial value)

TDRE is set to 1 when the chip is reset or enters standby mode, the TE bit in the
serial control register (SCSCR) is cleared to 0, or SCTDR contents are loaded
into SCTSR, so new data can be written in SCTDR.

Bit 6—Receive Data Register Full (RDRF): Indicates that SCRDR contains received data.

Bit 6: RDRF Description

0 SCRDR does not contain valid receive data (Initial value)

RDRF is cleared to 0 when the chip is reset or enters standby mode, or software
reads RDRF after it has been set to 1, then writes 0 in RDRF.

1 SCRDR contains valid receive data

RDRF is set to 1 when serial data is received normally and transferred from
SCRSR to SCRDR.

Note: SCRDR and RDRF are not affected by detection of receive errors or by clearing of the RE
bit to 0 in the serial control register. They retain their previous contents. If RDRF is still set
to 1 when reception of the next data ends, an overrun error (ORER) occurs and the receive
data is lost.
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Bit 5—Overrun Error (ORER): Indicates that data reception aborted due to an overrun error.

Bit 5: ORER Description

0 Receiving is in progress or has ended normally*l (Initial value)
ORER is cleared to 0 when the chip is reset or enters standby mode, or when
software reads ORER after it has been set to 1, then writes 0 to ORER.

1 A receive overrun error occurred*?

ORER is set to 1 if reception of the next serial data ends when RDRF is set to 1.

Notes: 1. Clearing the RE bit to 0 in the serial control register does not affect the ORER bit, which
retains its previous value.
2. SCRDR continues to hold the data received before the overrun error, so subsequent
receive data is lost. Serial receiving cannot continue while ORER is set to 1. In
synchronous mode, serial transmitting is also disabled.

Bit 4—Framing Error (FER): Indicatesthat data reception aborted due to aframing error in

asynchronous mode.
Bit 4: FER Description
0 Receiving is in progress or has ended normally (Initial value)

Clearing the RE bit to 0 in the serial control register does not affect the FER bit,
which retains its previous value.

FER is cleared to 0 when the chip is reset or enters standby mode, or when
software reads FER after it has been set to 1, then writes 0 to FER.

A receive framing error occurred

When the stop bit length is two bits, only the first bit is checked. The second stop
bit is not checked. When a framing error occurs, the SCI transfers the receive
data into SCRDR but does not set RDRF. Serial receiving cannot continue while
FER is set to 1. In synchronous mode, serial transmitting is also disabled.

FER is set to 1 if the stop bit at the end of receive data is checked and found to
be 0.
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Bit 3—Parity Error (PER): Indicatesthat data reception (with parity) aborted due to a parity
error in asynchronous mode.

Bit 3: PER Description

0 Receiving is in progress or has ended normally (Initial value)
Clearing the RE bit to 0 in the serial control register does not affect the PER bit,
which retains its previous value.
PER is cleared to 0 when the chip is reset or enters standby mode, or when
software reads PER after it has been set to 1, then writes 0 to PER.

1 A receive parity error occurred

When a parity error occurs, the SCI transfers the receive data into SCRDR but
does not set RDRF. Serial receiving cannot continue while PER is setto 1. In
synchronous mode, serial transmitting is also disabled.

PER is set to 1 if the number of 1s in receive data, including the parity bit, does
not match the even or odd parity setting of the parity mode bit (O/E) in the serial
mode register (SCSMR).

Bit 2—Transmit End (TEND): Indicates that when the last bit of a serial character was
transmitted, SCTDR did not contain valid data, so transmission has ended. TEND is a read-only
bit and cannot be written to.

Bit 2: TEND Description

0 Transmission is in progress
TEND is cleared to 0 when software reads TDRE after it has been set to 1, then
writes 0 to TDRE.

1 End of transmission (Initial value)

TEND is set to 1 when the chip is reset or enters standby mode, when TE is
cleared to 0 in the serial control register (SCSCR), or if TDRE is 1 when the last
bit of a one-byte serial character is transmitted.

Bit 1—M ultiprocessor Bit (MPB): Stores the value of the multiprocessor hit in receive data
when a multiprocessor format is selected for receiving in asynchronous mode. MPB is aread-only
bit and cannot be written to.

Bit 1: MPB Description

0 Multiprocessor bit value in receive data is 0 (Initial value)
If RE is cleared to 0 when a multiprocessor format is selected, MPB retains its
previous value.

1 Multiprocessor bit value in receive data is 1

Rev. 5.0, 09/03, page 486 of 806

RENESAS



Bit 0—M ultiprocessor Bit Transfer (M PBT): Stores the value of the multiprocessor bit added to
transmit data when a multiprocessor format is selected for transmitting in asynchronous mode.
The MPBT setting isignored in synchronous mode, when a multiprocessor format is not selected,

or when the SCI is not transmitting.

Bit 0: MPBT Description
0 Multiprocessor bit value in transmit data is O (Initial value)

1 Multiprocessor bit value in transmit data is 1

15.2.8 SC Port Control Register (SCPCR)/SC Port Data Register (SCPDR)

The SC port control register (SCPCR) and SC port data register (SCPDR) control 1/0O and data for
the port pins multiplexed with the serial communication interface (SCI) pins.

SCPCR settings are used to perform 1/0 control, to enable datawritten in SCPDR to be output to
the TxD pin, and input data to be read from the RxD pin, and to control serial
transmission/reception breaks.

It isalso possible to read data on the SCK pin, and write output data.

SCPCR

Bit 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

SCP7/SCP7SCP6/SCP6/SCP5/SCP5SCP4SCP4SCP3/SCP3|SCP2/SCP2/SCP1SCP1SCPO|SCPO
MD1 | MDO|MD1 | MDO | MD1 | MDO | MD1 | MDO | MD1 | MDO | MD1 | MDO | MD1 | MDO | MD1 | MDO

Initial value: 1 0 1 0 1 0 0 0 1 0 0 0 1 0 0 0
RW: RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW R/W

SCPDR
Bit: 7 6 5 4 3 2 1 0
‘SCP?DT \ SCP6DT \ SCP5DT \ SCP4DT \ SCP3DT \ SCP2DT \ SCP1DT \ SCPODT‘
Initial value: 0 0 0 0 0 0 0 0
RIW: R RIW RIW RIW RIW RIW RIW RIW

SCI pin I/O and data control are performed by bits 3-0 of SCPCR and bits 1 and 0 of SCPDR.
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SCPCR Bits 3 and 2—Serial Clock Port 1/0 (SCP1IM D1, SCP1IMDO): Specify seria port SCK
pin 1/0. When the SCK pinis actually used as aport 1/0 pin, clear the C/A bit in SCSMR and bits
CKE1 and CKEQO in SCSCRto 0.

Bit 3: Bit 2:

SCP1MD1 SCP1MDO Description

0 0 SCP1DT bit value is not output to SCK pin

0 1 SCP1DT bit value is output to SCK pin

1 0 SCK pin value is read from SCP1DT bit

1 1 (Initial values: 1 and 0)

SCPDR Bit 1—Serial Clock Port Data (SCP1DT): Specifiesthe serial port SCK pin 1/0 data.
Input or output is specified by the SCPIMDO0 and SCP1IMD1 bits. In output mode, the value of
the SCP1DT bit is output to the SCK pin. In output mode, the SCK pin valueis read from the
SCP1DT bit.

Bit 1:

SCP1DT Description

0 I/0O data is low (Initial value)
1 I/O data is high

SCPCR Bits1 and 0—Serial Port Break 1/0 (SCPOMD1, SCPOM DQ): Specify the serial port
TxD pin output condition. When the TxD pin is actually used as a port output pin and outputs the
value set with the SCPODT bit, clear the TE bit in SCSCR to 0.

Bit 1: Bit O:

SCPOMD1 SCPOMDO Description

0 0 SCPODT bit value is not output to TxD pin (Initial value)
0 1 SCPODT bit value is output to TxD pin
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SCPDR Bit 0—Serial Port Break Data (SCPODT): Specifies the serial port RxD pininput data
and TxD pin output data. The TxD pin output condition is specified by the SCPOMDO and
SCPOMDL1 bits. When the TxD pin is set to output mode, the value of the SCPODT bit is output to
the TXD pin. The RxD pin valueis read from the SCPODT bit regardless of the values of the
SCPOMDO and SCPOMD1 bits, if RE in SCSCR is set to 1. Theinitial value of this bit after a
power-on reset is undefined.

Bit O:

SCPODT Description

0 I/O data is low (Initial value)
1 I/O data is high

Block diagrams of the SCI /O port pins are shown in figures 15.2, 15.3, and 15.4.

15.29 Bit RateRRegister (SCBRR)

The bit rate register (SCBRR) is an 8-bit register that, together with the baud rate generator clock
source selected by the CKS1 and CK S0 bits in the serial mode register (SCSMR), determines the
serial transmit/receive bit rate.

The CPU can always read and write to SCBRR. SCBRR isinitialized to H'FF by areset, and in
module standby or standby mode. Each channel has independent baud rate generator control, so
dif