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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
a third party.

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

3. All information contained in these materials, 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).

4. 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 all information as a total
system before making a final 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.

5. 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.

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

7. If these products or technologies are subject to the Japanese export control restrictions, they must
be exported under a license 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.

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

1. Treatment of NC Pins

Note:

Do not connect anything to the NC pins.

The NC (not connected) pins are not connected to any of the internal circuitry; they are
used as test pins or to reduce noise. If something is connected to the NC pins, the
operation of the LSI is not guaranteed.

2. Treatment of Unused Input Pins

Note:

Fix all unused input pins to high or low level.

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

3. Processing before Initialization

Note:

When power is first supplied, the product’s state is undefined. The states of internal
circuits are undefined until full power is supplied throughout the chip and a low level is
input 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 while it is in this undefined state. For those
products which have a reset function, reset the LSI immediately after the power supply has
been turned on.

4. Prohibition of access to undefined or reserved address

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 address. Do not access these registers: the system’s
operation is not guaranteed if they are accessed.
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Preface

The SH7727 microprocessor incorporates the 32-bit SH-3 CPU and is also equipped with
peripheral functions necessary for configuring a user system.

The SH7727 is built in with a variety of peripheral functions such as cache memory, memory
management unit (MMU), interrupt controller, timers, three serial communication interfaces (SCI,
SCIF, SIOF), real-time clock (RTC), user break controller (UBC), bus state controller (BSC) and
AFE interface. The SH7727 can be used in a variety of applications that demand a high-speed
microcomputer with low power consumption.

The descriptions in this manual are based on the SH7727C. For details on using versions previous
to the SH7727B please refer to Using Versions Previous to the SH7727B at the end of the manual.
Note that the version is the SH7727C if “C” is engraved on the chip and the version is the
SH7727B if “B” is engraved. If there is no such indication the product is a version previous to the
SH7727B. (See Appendix E.)

Target Readers: This manual is designed for use by people who design application systems using
the SH7727.

To use this manual, basic knowledge of electric circuits, logic circuits and microcomputers is
required.

Purpose: This manual provides the information of the hardware functions and electrical
characteristics of the SH7727.

The SH-3, SH-3E, SH3-DSP Programming Manual contains detailed information of executable
instructions. Please read the Programming Manual together with this manual.

How to Use the Book:
¢ To understand general functions

— Read the manual from the beginning.

The manual explains the CPU, system control functions, peripheral functions and electrical
characteristics in that order.

¢ To understanding CPU functions
— Refer to the separate SH-3, SH-3E, SH3-DSP Programming Manual.

Explanatory Note: Bit sequence: upper bit at left, and lower bit at right

List of Related Documents: The latest documents are available on our Web site. Please make
sure that you have the latest version. (http://www.renesas.com/)
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User manuals for SH7727
Name of Document

Document No.

SH7727 Hardware Manual

This manual

SH-3, SH-3E, SH3-DSP Programming Manual

ADE-602-096B

User manuals for development tools
Name of Document

Document No.

SuperH™ RISC engine C/C++ Compiler, Assembler, Optimizing
Linkage Editor Compiler Package V.9.00 User’s Manual

REJ10B0152-0101

SuperH™ RISC engine High-Performance Embedded Workshop 3
User’s Manual

REJ10B0025-0200H

SuperH RISC engine High-Performance Embedded Workshop 3
Tutorial

REJ10B0023-0200H

Application Note
Name of Document

Document No.

SuperH RISC engine C/C++ Compiler Package Application Note

REJ05B0463-0200
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Revisions and Additions

Page

Previous Version

Revised Version

5to7

Table 1.1 SH7727 Features

Item Features Item Features
Timer + 3-channel auto-reload-type 32-bit imer Timer (TMU)  + 3-channel auto-reload-type 32-bit timer
(TMU, CMT) « 1-channel 16-bit compare match timer « Choice of six counter input clocks
+ Choice of six counter input clocks + Maximum resolution: 2 MHz
+ Maximum resolution: 2 MHz
item Features Item Features

Serial communi- « 16-byte FIFO for transmission/reception
cation interface . pyia can be transferred
(SCIF)
+ Hardware flow control
Direct memory  + 4 channels
access controller , g5t mode and cycle-steal mode

(DMAC)
External request operating mode

Item Features

Serial communi- + 16-byte FIFO for transmission/reception
cation interface
(SCIF)

+ DMA can be transferred

On-chip modem control function
Direct memory ~ + 4 channels

access controller , gyrst mode and cycle-steal mode

(DMAC)
« External request operating mode
« 1-channel 16-bit compare match timer
Item Features

LCD controller _+ From 16 x 1 to 1024 x 1024 pixels can be supported
(LCDC) « 1/2/4/6/8/16 bpp (bit per pixel) with 18bit color pallet

« 1214 bpp (bit per pixel) gray scale

+ 8-bit Frame rate controller

+ TFT/DSTN/STN

« Signal polarity setting function

+ Hardware panel rotation

« Power control function

+ Selectable clock source (LCLK or Belk or Pclk)

LCD controller _+ From 16 x 1 to 1024 x 1024 pixels can be supported
(Lebe) « 4/8/15/16 bpp (bit per pixel) color modes

« 1/2/416 bpp (bit per pixel) gray scale

+ 8-bit Frame rate controller

« TFT/IDSTNISTN

+ Signal polarity setting function

« Hardware panel rotation

+ Power control function

+ Selectable clock source (LCLK, bus clock (B9), or peripheral clock (P)

AID converter + 10 bits £ 4 LSB, 6 channels
(ADC) « Conversion time: 10 s
« Input range: 0-Vce (max. 3.6 V)
Product lineup Power Supply
Voltage

Operating
Abb.  1/0 Internal  Frequency Model Name Package
SH7727 33% 17t 160 MHz. HD6417727F160B  240-pin plastic HQFP
03V 205V (FP-240B)
HD6417727BP160B  240-pin CSP
(BP-240A)
31+ 16to 100 MHz. HD6417727F100B  240-pin plastic HQFP
05V 205V (FP-240B)
HD6417727BP100B  240-pin CSP

(BP-240A)

AJD converter + 10 bits + 4 LSB, 6 channels
(ADC) « Conversion time: 15 jis

+ Input range: 0-Vee (max. 3.6 V)

Product lineup Power Supply

Voltage
SH7727 10
160MHz 30Vto 170Vto 160 MHz
products 36V 205V

Operating
Frequency Model Name

HD6417727F160C

Package

240-pin plastic HQFP.
(PRQPO240KC-B)
HD6417727BP160C  240-pin CSP
(PLBGO240JA-A)
240-pin plastic HQFP.
(PRQPO240KC-B)
HD6417727BP100C  240-pin CSP
(PLBGO240JA-A)

Internal

100MHz 26Vto 160Vto 100MHz  HD6417727F100C

products 36V 2.05V

11to
19

Table 1.2 SH7727 Pin Function

Pin No. Pin No.
(FP-240B) (BP-240A)

Pin No. Pin No.
(PRQP0240KC-B) (PLBG0240JA-A)

167

7.1.4 Register Configuration

The INTC has 12 registers listed in table
7.2.

The INTC has 17 registers listed in table
7.2,
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169

7.2.2 IRQ Interrupt

IRQ interrupts are input by priority from pins
IRQO to IRQS5 with a level or an edge. The
priority level can be set by priority setting
registers C, D (IPRC, IPRD) in a range from
levels O 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 0 to
the bit.

IRQ interrupts are input by priority from pins
IRQO to IRQ5 with a level or an edge. The
priority level can be set by priority setting
registers C, D (IPRC, IPRD) in a range from
levels 0 to 15.

When using edge sensing for IRQ
interrupts, do the following to clear IRO.

To clear bits IRQ5R to IRQOR to 0, read
from IRRO before writing. After confirming
that the bits to be cleared to 0 are set to 1,
write 0 to them. In this case write 0 only to
the bits to be cleared; write 1 to the other
bits. The values of the bits to which 1 is
written do not change.

When level sensing is used for IRQ
interrupts, bits IRQ5R to IRQOR indicate
whether or not an interrupt request has
been input. They can be set and cleared by
the values input to pins IRQ5R to IRQOR
alone.

175 | Table 7.4 Interrupt Exception Handling
Sources and Priority (IRQ Mode)
Priority Priority
Interrupt within IPR Interrupt within IPR
INTEVT Code Priority IPR (Bit Setting Default INTEVT Code Priority IPR (Bit Setting Default
Interrupt Source (INTEVT2 Code) (Initial Value) Numbers) Unit Priority Interrupt Source (INTEVT2 Code) (Initial Value) Numbers) Unit Priority
TMUL  TUNIL  H420 (H'420) 0-15 (0) IPRA (11-8) — High TMUL TUNIL H420 (H420)  0-15(0)  IPRA(11-8) —  High
TMU2 TUNI2 H'440 (H'440) 0-15 (0) IPRA (7-4) High T™U2 TUNIZ H'440 (H'440) 0-15 (0) IPRA (7-4) -
TICPI2 H'460 (H'460) Low RTC ATI H'480 (H'480) 0-15 (0) IPRA (3-0) High
RTC ATI H'480 (H'480) 0-15 (0) IPRA (3-0) High PRI H'4A0 (H'4A0)
PRI H'4A0 (H'4A0) cul H'4CO0 (H'4C0) Low
Ccul H'4CO (H'4C0) Low SCIo ERI H'4EQ (H'4EQ) 0-15 (0) IPRB (7-4) High
scio ERI H'4EQ (H'4E0) 0-15 (0) IPRB (3-0) High RXI H'500 (H'500)
RXI H'500 (H'500) I H'520 (H'520)
™I H'520 (H'520) TEI H'540 (H'540) Low Low
TEI H'540 (H'540) Low Low
177 | Table 7.5 Interrupt Exception Handling
Sources and Priority (IRL Mode)
Priafty Vi PR Priofy wibin PR
Interrupt Source (NTEVT? Code)  Value)  Nambers) ot~ riory INTEVTCode ~ (nilil' IPR(E ~ Seiting  Defaul
T IS Interrupt Source (INTEVT2 Code) Value) Numbers) Unit Priority
ADC ADI H'200-3C0* (H'980) 0-15(0) IPRE (3-0) — High ADC DI 11200-3C0" (1980) 015 (0) IPRE 30)  — High
Lcbc  LeDel H'200-3CO* (H'9A0) 0-15(0) IPRF (11-8) — LeoC  Lcoal H200-3C0* (H9A0) 0-15(0) IPRF (11-8) —
T™MUL TUNIL H420 (H420)  0-15(0) IPRA(11-5) — ol TToNn T a0 (a0 015(0) PRAGLS) =
TMUZ - TUNI2 H440 (H440) 0-15(0) IPRA(7—4)  High TMU2  TUNI2 H'440 (H'440) 0-15(0) IPRA(7-4) — Low
TICPI2 H'460 (H'460) Low Low
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188 | 7.3.7 Interrupt Request Register 0 (IRRO)
The IRRO is an 8-bit register that indicates | When using edge sensing for IRQ
interrupt requests from external input pins interrupts, do the following to clear IRO.
IRQO to IRQ5 and PINTO to PINT15. This To clear bits IRQ5R to IRQOR to 0. read
register is initialized to H'00 at power-on from IRRO before writing. After confirming
reset or manual reset, but is not initialized that the bits to be cleared to 0 are set to 1,
in standby mode. write 0 to them. In this case write 0 only to
the bits to be cleared; write 1 to the other
bits. The values of the bits to which 1 is
written do not change.
When level sensing is used for IRQ
interrupts, bits IRQ5R to IRQOR indicate
whether or not an interrupt request has
been input. They can be set and cleared by
the values input to pins IRQ5R to IRQOR
alone.
198 | Figure 7.3 Interrupt Operation Flowchart
Yes Yes
o NMI? — NMI?
Yes Yes
Yes Yes
D — -
\
IRQOUT = low
! ‘
Set interrupt cause in Set interrupt cause in
INTEVT, INTEVT2 INTEVT, INTEVT2
199 | 7.4.2 Multiple Interrupts

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
sample interrupt operation flowchart.

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.
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234 | Table 9.1 Power-Down Modes
Transition Transition
Mode Conditions Mode Conditions
Sleep Execute Sleep Execute
mode SLEEP mode SLEEP
instruction instruction
with STBY bit with STBY bit
cleared to 0 cleared to O
in STBCR in STBCR*’
Module  Set MSTP bit ‘Module  Set MSTP bit
standby  of STBCR standby of STBCR
function to1l function to 178
Note 6, 7, added
Section 10.1.2 “Clock Abbreviation” deleted
259 | Figure 10.1 Block Diagram of Clock Pulse
Generator
Clock pulse generator Clock pulse generator
cap1 X Divider 1 CAP1 X]——‘ Divider 1
ckioz X ckio2 X | [Pllcircut1 x1
Internal Internal
clock (I¢) (x1,2,346) . ﬂé clock (1¢)
cKio Cycle = Icyc cKIo <'7 Cycle = Icyc
Cycle = Beye Cycle = Beyc
cAP2 X— |, Peripheral cAP2 [X— |, Peripheral
XTAL X g;z:;(f ¢I;)cyc XTAL [X— f:lsglke(: ‘Qcyc
(x1,4)
EXTAL D— EXTAL [X—
Bus clock (P¢) Bus clock (P9)
Cycle = Beyc Cycle = Beye
1 T f
260 | 10.2.1 CPG Block Diagram

1. PLL Circuit 1

PLL circuit 1 doubles, triples, quadruples,
sextuples, or leaves unchanged the input
clock frequency from the CKIO terminal. ...

PLL circuit 1 doubles, triples, quadruples

sextuples, or leaves unchanged the input
clock frequency from the CKIO pin or PLL
circuit 2. ...
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265,
266

Table 10.4 Available Combination of Clock
Mode and FRQCR Values

Cautions:

1. The frequency ranges of the input clock and crystal
oscillator should be set within the specified frequency
range based on the clock rate in table 10.4, and section
32.3, AC Characteristics.

2. The input to divider 1 becomes the output of:
* PLL circuit 1 when PLL circuit 1 is on.

* PLL circuit 2 when PLL circuit 1 is off and PLL circuit 2
is on.

3. The input of divider 2 becomes the output of:
* PLL circuit 1
4. The frequency of the internal clock (lg) becomes:

* The product of the frequency of the CKIO pin, the
frequency multiplication ratio of PLL circuit 1, and the
division ratio of divider 1 when PLL circuit 1 is on.

« Equal to the frequency of CKIO pin when PLL circuit 1
is off.

« Do not set the internal clock frequency lower than the
CKIO pin frequency.

5. The frequency of the peripheral clock (P¢) becomes:

* The product of the frequency of the CKIO pin, the
frequency multiplication ratio of PLL circuit 1, and the
division ratio of divider 2 when the clock operating mode
isOto2or7.

* The peripheral clock frequency should not be set
higher than the maximum frequency specified in the AC
Characteristics, higher than the frequency of the CKIO
pin, higher than 40 MHz, or lower than 1/8 the internal
clock (l¢g).

6. The output frequency of PLL circuit 1 is the product of
the CKIO frequency and the multiplication ratio of PLL
circuit 1. This frequency should be equal to or lower
than the maximum frequency specified in the AC
Characteristics.

7.x1,%x2,%x3,x4, 0orx6 can be used as the
multiplication ratio of PLL circuit 1. x 1, x 1/2, x 1/3, and
x 1/4 can be selected as the division ratio of divider 1.
x1,x1/2, x 113, x 1/4, and x 1/6 can be selected as the
division ratio of divider 2. Set the rate in the frequency
control register. The on/off state of PLL circuit 2 is
determined by the mode.

Cautions:

1. The frequency ranges of the input clock and crystal
oscillator should be set within the specified frequency
range based on the clock rate in table 10.4, and section
32.3, AC Characteristics.

2. The input to divider 1 becomes the output of PLL
circuit 1 when PLL circuit 1 is on.

3. The input of divider 2 becomes the output of:
* PLL circuit 1
4. The frequency of the internal 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 1 is on.

+ Do not set the internal clock frequency lower than the
CKIO pin frequency.

» Depending on the product, the clock ratio should be
set to produce a frequency within one of the ranges
indicated below.

100 MHz products: 24 MHz to 100 MHz
160 MHz products: 24 MHz to 160 MHz

5. Bus clock (Bg) frequency:

« Depending on the product, the clock ratio should be
set to produce a frequency within one of the ranges
indicated below.

100 MHz products: 24 MHz to 50 MHz
160 MHz products: 24 MHz to 66.64 MHz

6. The frequency of the peripheral clock (Pg) becomes:

« The product of the frequency of the CKIO pin, the
frequency multiplication ratio of PLL circuit 1, and the
division ratio of divider 2.

« For all products, the peripheral clock frequency (Pg)
should be set within the frequency range 6 MHz to
33.34 MHz and no higher than the frequency of the
CKIO pin.

« The peripheral clock frequency (Pg) should be set to
13 MHz or higher if the USB function module is used.

7. The output frequency of PLL circuit 1 is the product of
the CKIO frequency and the multiplication ratio of PLL
circuit 1.

8. x1, x2, x3, x4, or x6 can be used as the multiplication
ratio of PLL circuit 1. x1, x1/2, x1/3, and x1/4 can be
selected as the division ratio of divider 1. x1, x1/2, x1/3,
x1/4, and x1/6 can be selected as the division ratio of
divider 2. Set the rate in the frequency control register.
The on/off state of PLL circuit 2 is determined by the
mode.
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279 |11.1.1 EXCPG
The extend clock pulse generator (EXCPG) | The extend clock pulse generator (EXCPG)
generates a divided clock from the CPU generates a divided clock from the internal
clock (lg), the bus clock (Bg), or the clock (lg), the bus clock (Bg), or the
external clock (UCLK). external clock (UCLK).
Figure 11.1 Block Diagram of EXCPG
USB clock USB clock
(48 MH2) (48 MHz)
P clock N » | usB Peripheral clock (Pg) > >
host host
Select Select
lclock —————— % |11 Internal clock (I9) ~ ————————» |11
Bus clock ——————# | 1/2 usB Bus clock (Bg) —_— |12 UsB
uclkk  —————p |18 function External clock (UCLK) ——| 3 | 113
281 | 11.3.1 EXCPG Control Register
(EXCPGCR)
Bits 5 to 3—Clock Select (USBCKSEL2 to
USBCKSELDO):
Bits 5to0 3 Function (Clock Selection)
110 External clock Bits 5to0 3 Function (Clock Selection)
110 External clock (UCLK)
Bits 2 to 0 Function (Dividing Ratio
Selection):
Bits 2t0 0 Function (Dividing Ratio Selection) Bits 2to 0 Function (Dividing Ratio Selection)
1%% Ig, CKIO, UCLK halted 10 Internal clock (1), bus clock (Bg), external clock (UCLK) halted
Note: To reduce power consumption, set USBDIVSEL2 to 1 and halts Ia, CKIO, or UCLK input. Note: To reduce power consumption, set USBDIVSEL2 to 1 and halts internal clock (Ig), bus clock
(B9), or external clock (UCLK) input.
281 11.4 Usage Notes
Newly added
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303 | 12.2.5 Individual Memory Control Register
(MCR)
Bits 15 and 140 RAS Precharge Time
(TPC1, TPCO):
... However, the number of cycles inserted | ... However, the number of cycles inserted
immediately after the precharge all banks immediately after the precharge all banks
(PALL) command is issued when (PALL) command is issued when
performing auto-refresh or the precharge performing auto-refresh is one fewer than
(PRE) command is issued in bank-active the number of cycles during normal
mode is one fewer than the number of operation.
cycles during normal operation. Do not set
TPC1 to 0 and TPCO to 0 when in bank-
active mode.
Note: * Immediately after the precharge all | Note: * Immediately after the precharge all
banks (PALL) command is issued when banks (PALL) command is issued when
performing auto-refresh or the precharge performing auto-refresh.
(PRE) command is issued in bank-active
mode.
304 | Bit 7—SDRAM Bank Active (RASD): Bit 70 Reserved:
Spgcmes whether SDRAM is put into bank- This bit is always read as 0. The write
active mode or auto-precharge mode. The value should always be 0.
auto-precharge mode should be used if
both area 2 and area 3 are set in SDRAM
space and the bus width is 16 bits.
o‘t : A:{—::;:rge:ode wmiavave) | Table deleted
309 | 12.2.6 PCMCIA Control Register (PCR)
Bits 8, 1, and 0] Area6 OE/WE Negate
Address Delay (A6TEH2, A6TEH1, and
A6TEHO):
R R
. ' e
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385 | 14.2.2 DMA Destination Address
Registers 0 to 3 (DARO to DAR3)
To transfer data in 16 bits or in 32 bits, To transfer data in 16 bits or in 32 bits,
specify the address on the 16-bit or 32-bit specify the address on the 16-bit or 32-bit
boundary. If any other address is specified, | boundary. When transferring data in 16-
correct operation is not guaranteed. byte units, always set a value at a 16-byte
boundary (16n address) as the destination
address. If any other address is specified,
correct operation is not guaranteed.
433 | 14.4.2 Register Descriptions
Compare-Match Timer Control/Status
Register 0 (CMCSRO)
The compare-match timer control/status The compare-match timer control/status
register 0 (CMCSRO) is a 16-bit register register 0 (CMCSRO) is a 16-bit register
that indicates a compare-match that indicates a compare-match occurrence
occurrence, sets enable/disable of and sets the incrementation clock. ...
interrupts, and sets the incrementation
clock. ...
434 | Bits 1 and 00 clock Select 1, 0 (CKSH1,
CKSO0):
These bits select the clock input to CMCNT | These bits select the clock input to CMCNT
from four internal clocks which are divided | from four clocks which are divided from the
from the system clock (P@). When the STR | peripheral clock (Pg). When the STRO bit in
bitin CMSTR is setto 1, ... CMSTRis setto 1, ...
Compare-Match Counter 0 (CMCNTO)
When the internal clock is selected with the | When the clock is selected with the CKS1
CKS1 and CKSO0 bits in CMCSRO and the and CKSO0 bits in CMCSRO0 and the STRO
STR bitin CMSTR is setto 1, ... bitin CMSTR is setto 1, ...
435 | 14.4.3 Operation

Period Count Operation

When the internal clock is selected with the
CKS1, CKSO0 bits in CMCSRO0 and the STR
bit of the CMSTR is set to 1,

When the clock is selected with the CKS1
and CKSO0 bits in CMCSRO0 and the STRO
bitin CMSTR is setto 1, ...
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436 | CMCNTO Count Timing
One of four clocks (P@/4, P@'8, P@/16, One of four peripheral clocks (P@/4, P¢'8,
P@64) which are divided from the clock P@ 16, P@64) which are divided from the
(P@) can be selected with the CKS1 and clock (Pg) can be selected with the CKS1
CKSO bits in CMCSRO. ... and CKSO bits in CMCSRO. ...
Figure 14.28 Count Timing
CK Peripheral clock (Pg)
Internal clock CMT clock
437 | Figure 14.29 Timing of CMF Setting
CK Peripheral clock (Pg)
Figure 14.30 Timing of CMF Clear by the
CPU
CK Peripheral clock (Pg)
442 | 14.6 Usage Notes
Item 14, 15, added
443 | 15.1.1 Features

« Selection of six counter input clocks for
each channel:

On-chip RTC output clock (16 kHz), P@/4,
P@16, P@64, and P¢/256

Note: Pgis the internal clock for peripheral
modules and can be selected as 1/4, 1/2, or
the same frequency as that of the CPU
operating clock @.) See section 10, On-Chip
Oscillation Circuits, for more information on
the clock pulse generator.

« Selection of six counter input clocks for
each channel:

On-chip RTC output clock (16 kHz), P@/4,
P@16, P@64, and P@256

Note deleted

* The maximum 2 MHz operating frequency
for the 32-bit counter in each channel:

Operate the SH7727 so that the clock input
to each channel timer counter does not
exceed the maximum operating frequency,
by dividing the external clock and internal
clock with the prescaler)

Operate the SH7727 so that the clock input
to each channel timer counter does not
exceed the maximum operating frequency,
by dividing the external clock and
peripheral clock (Pg) with the prescaler.
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16.2.15 RTC Control Register 1 (RCR1)

RCR1 is initialized to H'00 by a power-on
reset. By a manual reset, bits except the
CF flag are all initialized to 0, but the CF
flag is undefined. When using the CF flag, it
must be initialized beforehand. This register
is not initialized in standby mode.

RCR1 is an 8-bit read/write register. The
CIE, AIE, and AF bits are initialized by a
power-on reset or manual reset. However,
the value of the CF flag is undefined after a
power-on reset or manual reset. It must
therefore be initialized without fail before
use. This register is not initialized in
standby mode.

Bit: 7 6 Bit: 7 6
- =
Initial value: 0 0 Initial value: — 0
RW: RW R/W: R/W
Bit 7—Carry Flag (CF):
Bit 7: CF Description Bit 7: CF Description
0 No carry in R64CNT or RSECCNT. 0 No carry in R64CNT or RSECCNT.

Clearing condition: When 0 is written to CF  (Initial value)

Clearing condition: When 0 is written to CF
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16.3.2 Setting the Time

Figure 16.2 shows how to set the time after stopping the clock. This procedure is available to set
the entire calendar and clock function. This procedure can be programmed easily.

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

Wiite 1 to START in the
Start clock RCR2 register

Reset the divider circuits (RTC prescaler and R64CNT) and set the counter.

Figure 16.2 Setting the Time

Figures 16.2 (a) and 16.2 (b) show how to set the time after stopping the clock. This procedure can
be used to set the entire calendar and clock function. It can be programmed easily.

Usage Notes

1. Initialization Timing for 64 Hz Counter (R64CNT)
If it is necessary, after initializing the counter by means of the RESET bit in the RTC’s RCR2
register, to confirm that the change has taken effect by reading the R6ACNT value, wait at least
107 pis after setting the RESET bit to 1 before reading the RGACNT counter. Note that the
divider circuit (RTC prescaler) is also initialized when the RESET bit is set to 1.

]

Incrementing RSECCNT by Initializing R64CNT

Either method (a) or method (b) below may be used.

(a) After setting the RESET bit to 1 and confirming that RBACNT has been initialized, set the
START bit to 1. This process is shown in figure 16.2 (a).

(b) Setthe START bit to 1 and the RESET bit to 1 at the same time. This process is shown in
figure 16.2 (b). Note that the processing indicated by the asterisk (*) in figure 16.2 (b) may
be omitted if nothing is written to the RCR2 register during an interval of approximately
107 ps after the START bit is set to 1.

Confirm R64CNT is not 0

Stop clock
Reset divider circuit

Wite 1 to RESET and
010 START in the RCR2 register

Set seconds,
Order is irrelevant
week, month and year

Confirm R64CNT is 0
No
Yes

Start clock

Write 1 to START in the RCR2 register

Figure 16.2(a) Setting the Time

Confirm R64CNT is not 0

Stop clock
Reset divider circuit

Wite 1 to RESET and
01to START in the RCR2 register
Set seconds, minutes,

day, day Order s irelevant

Wiite 1 to RESET and
110 START in the RCR2 register

Start clock
Reset divider circuit

Wiite to RCR2

Figure 16.2(b) Setting the Time

481

17.1.2 Block Diagram

SCI pin I/O and data control is performed
by bits 11 to 8 of SCPCR and bits 5 and 4
of SCPDR. ...

SCI pin I/O and data control is performed
by bits 3 to 0 of SCPCR and bits 1 and 0 of
SCPDR. ...

484

Table 17.2 Registers
H'A888

H'8008

497

17.2.8 Port SC Control Register
(SCPCR)/Port SC Date Register (SCPDR)

SCPCR

Bit: 15 14 13 12 11 10 9 8 7 6

SCP7|SCP7|SCP6
MD1 | MDO | MD1

SCP6
MDO

SCP5
MD1

SCP5
MDO

SCP4
MD1

SCP4
MDO

SCP3
MD1

SCP:

Initial value: 1 0 1 0 1 0 0 0 1 0

RW: RW RW RW RW RW RW RW RW RW RW

SCPCR
Bt 15 14 13 12 1 10 9 8 7 6

ScP3t
MDO

SCP7
MD1

SCP7
MDO

SCP6
MD1

SCP6 | SCP5
MDO | MD1

SCP5
MDO

SCP4
MD1

SCP4
MDO

SCP3
MD1

Initial value: 1 0 0 0 0 0 0 0 0 0

RW: RW RW RW RW RW RW RW RW RW RMW;
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19.1.1 Features

» On-chip modem control functions (RTS
and CTS)

+ On-chip modem control functions (RTS2
and CTS2)

564 | Figure 19.1 SCIF Block Diagram
8 8
8 g
Module data bus 2 ernal Module data bus £ KD daabs
H U U : H U :
[ [5]
SCPCR2 SCPCR2
SCFDR2 SCFDR2
SCFRDRZ  [SCFTDR? SCFDR2 [SCBRRZ SCFRDRZ | SCFTDR2] SCFDR2 [SCBRRZ
(16stages)  |(16stage: SCECR2 (16stages) |(16stage: SCFCR2
SCSSR2 SCSSR2
¢—Uf SCSCR2 Baud rate P SCSCR2 Baud rate P
ienerator
RxD2—»[ [SCRSR2] [ [ SCTSR2 SCSMR2_| | generator Pyl Rxp2—» [SCRSR2] [ [SCTSR2 SCSMR2_| | @ Pola
Transmit/ Transmit/ Po/L6
receive Po/16 receive 9
02 control Py/64 T%D2 control P¢/64.
* Parity generation + Clock Parity generation + Clock |
Parity check Parity check
ATS2
ERI
R -
BRI cTs2 BRI
BRI
SCIF BRI SCIF
565 | 19.1.2 Block Diagram

Figures 19.2 and 19.3 show SCIF 1/O ports.
Bits 11 to 8 of SCPCR and bits 5 and 4 of
SCPDR control an input/output and data of
the SCIF pins. ...

Figure 19.2 and 19.3 show SCIF 1/O ports.

Bits 15, 14, 9, 8 of SCPCR and bits 7 and 4
of SCPDR control an input/output and data
of the SCIF pins. ...

603

20.1.1 Features
 Serial clock

O External clock or internal clock (P_CLK)
are able to be used as clock source.

O External clock or peripheral clock (Pg)
are able to be used as clock source.

604

20.1.2 Block Diagram
Figure 20.1 SIOF Block Diagram

x
9
o

I

RXI

ERI

ccCl

l
@
8

o

°

©

c

@

I 32
,’,15 32 4/32 32 A'faz

Tx_FIFO Rx_FIFO
Control register biten e
16 stages 16 stages

Tx control data

’—b{ Rx control data|

||

Baud rate | Un MCLK
generator Timing control

SCK_SIO SIOFSYNC

SIOMCLK

TXD_SIO

RXD_SIO

=

58

£%

g% _c=z5 32

&8 XEES8 *f—/—Penpheval bus
e

/1’16 32 "’32

32

32 1/32

Tx_FIFO Rx_FIFO
Control register 32 bits x 32 bits x
16 stages 16 stages

Rx control datal

Tx control data

Baud rate | 1/n MCLK
generator Timing control

SCK_SIO SIOFSYNC

SIOMCLK
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608 | 20.2.2 Clock Select Register (SISCR)
 Bit 150 Master Clock Source Choice
(MSSEL):
Use PCLK as master clock Use Peripheral clock (P@) as master clock
628 | Figure 20.2 Serial Clock Supply System
BRG —-
E BRG [
SIOMCLK £ :
P_CLK SIOMCLK —» :
------------------------------------- Peripheral clock —»-| '
_____________ G
635 | 20.3.5 Control Data Interface
(1) Control by Slot Positions (Master Mode
1)
Note: When using this method, PCLK Note: When using this method, Peripheral
should be used as the master clock (Master | clock should be used as master clock
Clock Select (MSSEL) = 1). (Master Clock Select (MSSEL) = 1).
651 | 20.4 Usage Notes
Item 7, 8, added
679 | 22.1.2 Pin Configuration
Table 22.1 Pin Configuration (Digital
Transceiver Signal)
Name Symbol 110 Description Name Symbol 110 Description
TXDPLSpin  USB1d_TXDPLS  Output D+ transmit output pin TXDPLSpin  USB1d_TXDPLS  Output D+ transmitoutputpin
TXDMNS pin ~ USB1d_TXDMNS  Output D- transmit output pin TXENL pin USB1d_TXENL Output  Driver output enable pin
TXENLpin  USBId_TXENL  Output Driver output enable pin S
709 | 23.6.3 Control Transfer
Figure 23.8 Status Stage Operation
(Control-In)
Replaced
720 23.9 Usage Notes
Newly added
758 24.7 Notes on Using USB Host with

Versions Previous to the SH7727C
Newly added
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759 | 25.1.1 Features
» Supports 1/2/4/8/15/16-bpp (bit per pixel) | * Supports 4/8/15/16-bpp (bit per pixel)
color modes color modes
» Supports 1/2/4-bpp grayscale modes » Supports 1/2/4/6-bpp grayscale modes
760 | Figure 25.1 Block Diagram
CKIO Bus clock (Bg)
P clock Peripheral clock (Pg)
762 | Table 25.2 Register Configuration
H'F606 H'F60F
763 | 25.2.1 LCDC Input Clock Register
(LDICKR)
This LCDC can select CKIO (bus clock), This LCDC can select the bus clock (B),
the P clock, or the external clock as its the peripheral clock (P¢), or the external
operation clock source. ... clock as its operation clock source. ...
Bits 13, and 120 Input Clock Select
(ICKSEL1 and ICKSELDO):
CKIO is selected Bus clock (B¢) is selected
P clock is selected Peripheral clock (Pg) is selected
766 |25.2.2 LCDC Module Type Register
(LDMTR)
Bits 5 to 0—Module Interface Type Select
(MIFTYPS to MIFTYPO):
If an STN or DSTN panel is selected, If an STN or DSTN panel is selected,
display control is performed using a 24-bit | display control is performed using a 24-bit
space-modulation FRC consisting of the 8- | space-modulation FRC (Frame Rate
bit R, G, and B included in the LCDC, ... Controller) consisting of the 8-bit R, G, and
B included in the LCDC, ...
783 | 25.2.17 LCDC Power Management Mode
Register (LDPMMR)
Bit 40 DON Pin Enable (DONE):
EONE zr;sacb’\;';‘I()Dr:)N pin is masked and fixed low (Initial value) EONE Dl;z:s\z:?;ON pin is masked and fixed low
1 Enabled: DON pin output is asserted and negated according to the power-on or power- 1 Enabled: DON pin output is asserted and negated according to the power-on or power-
off sequence off sequence (Initial value)
784 | 25.2.18 LCDC Power-Supply Sequence

RW. RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW

RW. RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW

Rev. 5.00 Dec 12, 2005 page xx of Ixxii

RENESAS




Page

Previous Version

Revised Version

786

25.3.1 LCD Module Sizes which can be
Displayed in this LCDC

The overhead coefficient is 1.375 if the
SDRAM in CL2 uses a 32-bit bus and 1.188
if it uses a 16-bit bus.

The overhead coefficient depends on the
bus used by the SDRAM in CL2, as
indicated below.

If the hardware rotation function is not used
(ROT = 0), the overhead coefficient is 1.375
if a 32-bit bus is used and 1.188 if a 16-bit
bus is used.

If the hardware rotation function is used
(ROT = 1), the overhead coefficient is
determined by the access unit select (AU)
setting and the bus width, as follows.

Table added

Access Unit Select (AU) Setting 32-Bit Bus 16-Bit Bus
4-burst operation 2.500 1.750
8-burst operation 1.750 1.375
16-burst operation 1.375 1.188
32-burst operation 1.188 1.094

787
to
793

25.3.2 Limits on the Resolution of Rotated
Displays, Burst Length, and Connected
Memory (SDRAM)

Replaced

816

25.5 Usage Notes
Newly added

820,
821

Table 26.1 List of Multiplexed Pins

Port Function Other Function 1 Other Function 2

Port  (Related Module) (Related Module) (Related Module) Port Function Other Function 1 Other Function 2
K PTK2 infout (port) CS4 out (BSC) Port (Related Module) (Related Module) (Related Module)
K PTKL infout (port) AFE_RLYCNT out (AFE) USB1d_DMNSO in (USB)"? K PTK2 infout (port) CS4 out (BSC)
K PTKO infout (port) AFE_HC1 out (AFE) USB1d_DPLSO in (USB)™* K PTKL infout (port) AFE_RLYCNT out (AFE) USB1d_DMNS in (USB)**
L PTL7 in (port) AN7 in (ADC)/DAO out (DAC) K PTKO infout (port) AFE_HC1 out (AFE) USB1d_DPLS in (USB)**
L PTL2in (port) AN2 in (ADC) L PTL7 in (port) /AN in (ADC)/DAO out (DAC)
™M PTM7 in (port)/PINT7 in (INTC) AFE_FS in (AFE) USB1d_RCVO in (USB)*™ L PTL2 in (port) AN2 in (ADC)
M PTMS in (port)/PINTE in (INTC) AFE_RXIN in (AFE) USB1d_SPEEDO out (USB)*? M PTM7 in (port)/PINT7 in (INTC) AFE_FS in (AFE) USB1d_RCV in (USB)™
M PTMS in (port)/PINTS in (INTC) AFE_TXOUT out (AFE) USB1d_TXSEO out (USB)*? M PTM6 in (port)/PINT6 in (INTC) AFE_RXIN in (AFE) USB1d_SPEED out (USB)*?
M PTM4 in (port)/PINT4 in (INTC) AFE_RDET in (AFE) USB1d_TXMNSO out (USB)*? M PTMS in (port)/PINTS in (INTC) AFE_TXOUT out (AFE) USB1d_TXSEO out (USB)**
M PTM3 in (port)/ PINT10 in (INTC) LCD15 out (LCDC) M PTM4 in (port)/PINT4 in (INTC) AFE_RDET in (AFE)
M PTM3 in (port)/ PINT10in (INTC)  LCD15 out (LCDC)

Port Function Other Function 1 Other Function 2 Port Function Other Function 1 Other Function 2
Port  (Related Module) (Related Module) (Related Module) Port  (Related Module) (Related Module) (Related Module)
SCPT  SCPT4in (port)™ RxD2 in (UART ch 3) SCPT  SCPT4in (port)* RxD2 in (SCIF)

SCPTA4 out (port)** TxD2 out (UART ch 3) SCPT4 out (port)™* TxD2 out (SCIF)
SCPT  SCPT1in/out (port) SCKO infout (UART ch 1) SCPT  SCPT1infout (port) SCKO infout (SCI)
SCPT  SCPTOIn (port)* RxDO in (UART ch 1) SCPT  SCPTOIn (port)** RxDO in (SCI)

SCPTO out (port)**

TXDO out (UART ch 1)

SCPTO out (port)**

TXDO out (SCI)

RENESAS
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26.3.4 Port D Control Register (PDCR)

Bit(2n+1) Bit2n Bit(2n+1)  Bit2n
PDnMD1 PDNMDO Pin Function PDnMD1 PDnMDO Pin Function
0 0 Other function (see table 26.1) 0 0 Other function (see table 26.1)
0 1 Port output (n = value other than 4 or 6), reserved (n = 4 or 6) 0 1 Port output (n = value other than 4 or 6), reserved (n = 4 or 6)
1 0 Port input (Pullup MOS: on) 1 0 Port input (Pullup MOS: on) (Initial value)
1 1 Port input (Pullup MOS: offy 1 1 Port input (Pullup MOS: off)
838 |26.3.13 SC Port Control Register
(SCPCR)
Bits 5, 4—SCP2 Mode 1, 0 (SCP2MD1,
SCP2MDO):
Bit5 Bit 4 Bit5 Bit4
SCP2MD1 SCP2MDO Pin Function SCP2MD1 SCP2MDO Pin Function
0 0 Transmit data output 1 (TxD1) 0 0 Transmit data output 1 (TxD_SiO)
Receive data input 1 (RxD1) (Initial value) Receive data input 1 (RXD_SIO) (Initial value)
0 1 General output (SCPT[2] output pin) 0 1 General output (SCPT[2] output pin)
Receive data input 1 (RXD1) Receive data input 1 (RXD_SIO)
1 0 SCPT[2] input pin pullup (input pin) 1 0 SCPT[2] input pin pullup (input pin)
Transmit data output 1 (TxD1) Transmit data output 1 (TxD_SiO)
1 1 General input (SCPT[2] input pin) 1 1 General input (SCPT[2] input pin)

Transmit data output 1 (TxD1)

Transmit data output 1 (TxD_SIO)

Note: There is no combination of simultaneous I/0 of SCPT[2] because one bit (SCP2DT) is
accessed using wo pins of TxD1 and RxD1.

When the port input is set (bit SCPAMD1 is set to 1) and when the TE bit in SCSCRis set to 1, the
TxD1 pin is in the output state. When the TE bit is cleared to 0, the TxD1 pin is in the high-
impedance state.

Note: There is no combination of simultaneous 1/O of SCPT[2] because one bit (SCP2DT) is
accessed using two pins of TxD_SIO and RxD_SIO.

When the port input is set (bit SCPnMD1 is set to 1) and when the TE bit in SCSCR is set to 1, the
TxD_SiO pin is in the output state. When the TE bit is cleared to 0, the TXD_SiO pin is in the
high-impedance state.

909

30.3.3 Usage Notes

Setting procedure when Using PC Card
Controller:

1. Set bit 0 (A6PCM) in bus control register
1 (BCR1) in the bus state controller to 1.

2. Set bit 4 (POUSE) in the area 6 general
control register in the PC card controller to
1.

3. Set the pin function controller to custom
PC card pin functions (“other functions”).

1. Drive pin ASEMDO high.
2. Set bit 0 (A6PCM) in bus control register
1 (BCR1) in the bus state controller to 1.

3. Set bit4 (POUSE) in the area 6 general
control register in the PC card controller to
1.

4. Set the pin function controller to custom
PC card pin functions (“other functions”).
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918, | Table 31.3 Correspondence between
919 | SH7727 Pins and Boundary-Scan Register
Bit Pin Name 110
-----I-- Bit Pin Name 110
17 PTMS/PINTS/AFE_TXOUT/  Control | coo oo oo oo
° ussij TXS5/EO _TXout/ Contro 170 PTMS/PINTS/AFE_TXOUT/  Control
- USB1d_TXSEO
169 PTM4/PINT4/AFE_RDET/ IN —
USB1d_ TXDMNS 169 PTM4/PINT4/AFE_RDET IN
168 Reserved/USB1d_SUSPENDO IN 168 Reserved/USB1d_SUSPENDO IN
137 Do N 137 MDO IN
136 PTM4/PINT4/AFE RDET/ ouT 136 PTM4/PINT4/AFE_RDET ouT
USB1d_TXDMNS 135 Reserved/USB1d_SUSPENDO OUT
135 Reserved/USB1d_SUSPENDO  OUT 110 PTFO/PCCOVS2/Reserved ouT
110 PTFO/PCCOVS2/Reserved outr 109 PTM4/PINT4/AFE_RDET Control
109 PTM4/PINT4/AFE_RDET/ Control 108 Reserved/USB1d_SUSPENDO  Control
USB1d_TXDMNS | TTTTrmmommmmmmmmmmsmmsommommoomoooooes
108 Reserved/USB1d_SUSPENDO Control
925 | 32.1 Absolute Maximum Ratings
Caution:
Item 3 added
927, | Table 32.2 DC Characteristics (1)
928 Measurement Measurement
Item Symbol  Min Typ Max Unit  Conditions Item Symbol  Min Typ Max Unit  Conditions
Power supply voltage VeeQ 3.0 - 36 v HD6417727F160, Power supply voltage VeeQ 3.0 — 36 v 160 MHz products
HD6417727BP160V 26 — 36 100 MHz products
26 - 36 :g:ﬁ;g;"l‘fmv Voo, 170 — 205 160 MHz products
See note *4 for applied Vee-PLLL, 1.60 - 2.05 100 MHz products
voltage when mounted. Vee-PLL2,
Vee, 170 — 2.05 HD6417727F160, Vee-RTC™
Vee-PLLL, HD6417727BP160V Analog (AID, During D Alce = Tos 2 mA
Vee-PLL2, \?:Ieva rgvz!; ;2 r:a’; zsﬁ::a: SD‘:/;'),I;‘;Owerr conversion
VeeRTC™ 5 — 205 HD6417727F100, current ::;ngl:/ ° - e ¢ ™
HD6417727BP100V conversion
See note *4 for applied Idle. —_ 0.01 5.0 mA Ta=25°C
voltage when mounted. T
Analog (A/D, During AD  Alcc — 08 2 mA
DIA) power-  conversion
Supp‘y‘ During AID — 24 6 mA
curren and DIA
Idle — 0.01 50 mA
Notes:

*3 Current dissipation values shown are
for VIHmin = VccQ - 0.5V and VILmax =
0.5 V with 5 pF load.

*4 The voltage range that can be applied
depends on the operating frequency
setting. Be sure check the operating
frequency range of the AC characteristics.

*5 There is no stipulation regarding the
power supply in standby mode when there
is no RTC clock input.

3. Current dissipation values are for V4
min =VccQ—-0.5V and V,.max=0.5V
with all output pins in the no-load state.

4. There is no stipulation regarding the
power supply in standby mode when there
is no RTC clock input.
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32.3 AC Characteristics

In general, inputting for this LSI should be
clock synchronous. Keep the setup and
hold times for each input signal unless
otherwise specified. Regarding the power
supply and frequency specifications of the
individual products, refer to tables 32.2 and
32.4. When the measuring condition range
in the timing chart is wider than that in table
32.2 or 32.4, the conditions listed in table
32.2 or 32.4 apply.

AC specifications vary depending on the
product, so should be checked before the
chip is used.

In general, inputting for this LSI should be
clock synchronous. Keep the setup and
hold times for each input signal unless
otherwise specified. Regarding the power
supply and frequency specifications of the
individual products, refer to figure 32.2,
tables 32.2 and 32.4.

931

Figure 32.2 Power Supply Voltage and
Operating Frequency

Newly added

932

Table 32.4 Maximum Operating
Frequencies (1)

Power Supply

Power Supply

Item Symbol  Min Max Unit  Voltage Conditions Reference Products

item Symbol Min  Max Unit Voltage Conditions  Products
CPU, cache,  f 24 100 MHz Vcc=160102.05V, HD6417727FL00, ?’U'IC“hG' f 2 100 MHz Vee=16010205V &5 oo
TLB (1) VecQ=261036V  HD6417727BP100V LB (o) VecQ=26103.6V products
External bus 24 334 Vee= 16010 2,05V, External bus 24 3334 Vee=16010205V  Table 325
(B9 or cki0 1o VeeQ= 261036V I(/B[;p)"nerq(j:"lgy VecQ = 261036V
requency -
aueney 24 50 gcc 11373 © g g5vvv 24 50 Vec=170102.05V  Table 32.6
Q=300 3/ VecQ=3.0103.6 V.
Peripheral 6 334 Vee=160102.05V, = _
modules (Pg) VecQ = 261036V Peripheral 6 33.34 Vee=1.6010205V —
modules (Pg) VecQ=26103.6V
932 | Table 32.4 Maximum Operating
Frequencies (2)
Power Supply
Power Supply ) :
tem symbol Min  Max  Unit Voltage Conditions  Products item Symbol Min  Max Unit Voltage Conditions Reference Products
CPU, cache,  f 24 144  MHz Vcc=170102.05V, HD6417727F160, _?f;'lcac"e' f 24 144 MHz Vec=17010205V o 15°dMHZ
TLB (1) VecQ=301036V  HD6417727BP160V (19 VecQ=3.0103.6 V products
24 160 Vee=175102.05V, 24 160 Vec=17510205V —
VeeQ=3.01t036V VecQ=3.01t03.6 V.
f;:;’"a(':z“‘g o 24 48 xrcé L ;00“0 230:\)/, External bus 24 50 Vec=170102.05V Table 32.7
or =3.0103.
frequenc = (Bg or CKiO VecQ=3.01036V
quency 24 66.67 Vee=1.75102.05 V, 1/0 frequency I
Va0 = 301036V 24 66,67 Vec=17510205V Table 32.8
Peripheral 6 334 Vee=1.7010 2.05 V, VecQ=3.01036V
modules (Pg) VecQ=3.01036V Peripheral 6 3334 Vec=17010205V —

modules (Pg) VecQ=3.01036V
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Table 32.5 Clock Timing (1)

Conditions: VccQ =2.6t03.6V, Vec =1.6t02.05V, AVeec =33+ 0.3V, Ta=-201t0 75°C,
external bus maximum operating frequency = 33 MHz

Conditions: VccQ =2.61t03.6 V, Vcc=1.60102.05V, AVec=3.3+0.3V, Ta=-20to 75°C,
100 MHz products

Item Symbol Min  Max  Unit  Figure tem Symbol Min  Max _ Unit _ Figure
EXTAL clock input frequency fex 6 33 MHz 321 EXTAL clock input frequency fex 6 3334 MHz 323
EXTAL clock input cycle time toxe 303 167 ns EXTAL clock input cycle time texere 30 1667 ns

EXTAL clock input low pulse width te 7 — ns EXTAL clock input low pulse width tow 9 - ns

EXTAL clock input high pulse width tom 7 — ns EXTAL clock input high pulse width tow 9 — ns

EXTAL clock input ise time tom - 6 ns EXTAL clock input rise time texm — 6 ns

EXTAL clock input fall time tor - 6 ns EXTAL clock input fall time = — 6 ns

CKIO clock input frequency fo 24 33 MHz 322 CKIO clock input frequency foa 24 3334 MHz 324
CKIO clock input cycle time twge 303 40 ns CKIO clock input cycle time tooe 80 a7 s

CKIO clock input low pulse width o 7 — ns CKIO clock input low pulse width toa 9 — ns

CKIO clock input high pulse width o 7 — ns CKIO clock input high pulse width texn 9 — ns

CKIO clock input rise time toxm — 6 ns CKIO clock input rise time toxr — 6 ns

CKIO clock input fall ime toor — 6 ns CKIO clock input fall time. toar — 6 ns

CKIO clock output frequency for 24 33 MHz 323 CKIO clock output frequency for 24 3334 MHz 325
CKIO clock output cycle time toe 303 40 ns CKIO clock output cycle time toe 30 7 s

934

Table 32.5 Clock Timing (2)

Conditions: VeeQ =3.0t03.6 V, Veec =1.75t02.05 V, AVee =3.3+ 0.3V, Ta=-20to 75°C,
external bus maximum operating frequency = 66.67 MHz

Table 32.6 Clock Timing (2)

Conditions: VccQ =3.0t03.6 V, Vec=1.70102.05V, AVcc =3.3+ 0.3V, Ta=-20t0 75°C,
100 MHz products

Item Symbol  Min Max Unit Figure Item Symbol  Min Max Unit Figure
EXTAL clock input frequency fex 6 66.67 MHz 321 EXTAL clock input frequency fex 6 50 MHz 323
EXTAL clock input cycle time towe 152 167 ns EXTAL clock input cycle time tooe 20 1667 ns

EXTAL clock input low pulse width ™ 15— ns EXTAL clock input low pulse width ™ 4 — ns

EXTAL clock input high pulse width oo 15— ns EXTAL clock input high pulse width ton 4 — ns

CKIO clock input frequency fou 24 6667 MHz 322 CKIO clock input frequency. Ton 24 50 MHz 324
CKIO clock input cycle time towe 152 40 ns CKIO clock input cycle time tooe 20 w7 s

CKIO clock input low pulse width toa 15— ns CKIO clock input low pulse width o 4 — ns

CKIO clock input high pulse width o 15 — ns CKIO clock input high pulse width oo 4

CKIO clock output frequency for 24 6667 MHz 323 CKIO clock output frequency

CKIO clock output cycle time [ 152 — ns CKIO clock output cycle time

Power-on oscillation settling time tosct 10 — ns 324 Power-on oscillation settling time

935

Table 32.7 Clock Timing (3)
Newly added

936

Table 32.8 Clock Timing (4)
Newly added

938

Figure 32.3 CKIO Clock Output Timing

CKIO2
(output)

tekeor

Figure 32.5 CKIO Clock Output Timing

CKIO2
(output)
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Table 32.6 Control Signal Timing

Table 32.9 Control Signal Timing

33 MHZ* 66.67 MHZ™ }
Min Max Min Max i Min Max
——— - = 3
RESETP pulse width trespw 20 - 20 RESETP pulse width tresPw 2072 _ :
BEeETH PR E d
RESETP setup time’ tresps 23 — 23 —_ RESETP setup time™: tresps 23 _ H
RESETP hold time trespH 2 — 2 . — RESETP hold time tresen 2 —
RESETM pul idth t 12 —_ 12 —_ — - :
pulse wi REsUW RESETM pulse width teesww  12°° — :
RESETM setup time tresws 3 — 3 — O = - 4
- RESETM setup time tResms 3 = :
RESETM hold time treswn 34 —_ 34 — RESETM hold ]
—— old time 1t 4 = :
BREQ setup time terees 10 — 10 — . 1 RESMH 3 ]
BREQ hold time torcon 3 — 3 — BREQ setup time tareqs 10 — :
NMI setup time ** tamis 10 _ 10 _ BREQ hold time tereon 3 — ]
NMI hold time tamiH 4 — 4 — NMI setup time ** tawis 10 _ .
- 1
IRQ5-IRQO setup time ** tros 10 — 10 — NMI hold time tanin 4 — ]
IRQ5-IRQO hold time tron 4 — 4 — IRQ5-IRQO setup time ** tirgs 10 —
BACK delay time teacko — 10 — 10 IRQ5-IRQO hold time tirQH 4 —
STATUS1, STATUSO delay tsto - 16 - 16 BACK delay time teackp — 10
time STATUS1, STATUSO delay time tso B 16
Bus tri-state delay time 1 teorF1 0 15 0 15 " "
Bus tri-state delay time 1 teorF1 0 15
Bus tri-state delay time 2 tsorrz O 15 0 15 - -
Bus tri-state delay time 2 tsorr2 0 15
Bus buffer-on time 1 tsont 0 15 0 15 buff - 5 5
Bus buffer-on time 2 taonz 0 15 0 15 Bus buffer-on time 1 teons
Bus buffer-on time 2 tsonz 0 15 :
Notes:

*1 RESETP, NMI and IRQ5 to IRQO are
asynchronous. Changes are detected at
the clock fall when the setup shown is
used. When the setup cannot be used,
detection can be delayed until the next
clock falls. When using as IRL, please
observe the setup time.

*2 When Vcc = 1.6 to 2.05 V and VceQ =
2.6 to 3.6 V, the upper limit of the external
bus clock is 33 MHz.

*3 When Vcc = 1.75 to 2.05 V and VccQ =
3.0 to 3.6 V, the upper limit of the external
bus clock is 66.67 MHz.

*4 In the standby mode, trespw = toscz (10
ms). In the sleep mode, trespw = tpLL1 (100
us). When the clock multiplication ratio is
Changed, trespw = tpLLd (100 |JS).

1. RESETP, NMI and IRQ5 to IRQO are
asynchronous. Changes are detected at
the clock fall when the setup shown is
used. When the setup cannot be used,
detection can be delayed until the next
clock falls. When using as IRL, please
observe the setup time.

2. In the standby mode, trespw = toscz (10
ms). In the sleep mode, trespw = tpLL1 (100
ps). When the clock multiplication ratio is
changed, trespw = tpLi1 (100 ps).
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945,
946

Table 32.7 Bus Timing Table 32.10 Bus Timing
33 MHZ* 66.67 MHz** :
Item Symbol  Min  Max Min  Max  Unit | | jem Symbol Min  Max Unit Conditions
Address delay time tap 15 16 15 13 ns Address delay time tap 1.5 13 ns  Vec=1.701t02.05V
; VecQ =3.0103.6 V
Add tup ti t, 0 — 0 — |
ddress :elzp ime As*3 ns : 5} 16 Other than the above
A i 1 7 — 7 — | -
_ ress hold time A ns } Address setup time tas 0 — ns
B! lay ti — 12 — 12 |
S delay time foso ns ; Address hold time tan™ 7 = ns
CS delay time 1 tesor 15 12 15 12 ns | | BSdelaytime teso — 12 ns
CS delay time 2 t 1 12 1 12 =S -
clay time csb2 ns | CS delay time 1 tespy 15 12 ns
R it lay til 1 1. 1 1. 1 H —
ead/write delay time  trwo 5 0 5 0 ns ; TS delay time 2 T 1 PPy s
Read/write hold ti t 0 —_ 0 — H "
ead/write hold time o ns ; Read/write delay time  trwo 15 10 ns
R lay ti — 1 — 1 |
ead strobe delay fime  teso 0 0 ns Read/write hold time trwH 0 — ns
Read data setup time 1 tros1 6 — 6 — ns Read strobe delay time trso | v ns
Read data setup time 2 tross 7 _ 7 _ ns Read data setup time 1 tros1 6 = ns
Read data hold ime 1 tros™ 0 — 0 — ! "
ead data holdtime RonL ns Read data setup time 2 trps2 7 = ns
\ *2
Read data hold tme 2 tror > — 2 — s | Read data hold time 1 trow1 0 = ns
Write enable delay time twep 1 10 1 10 ns Read data hold time 2 teom 2 - s
Write data delay time 1 twop1 — 14 — 14 ns ! Wiite enable delay time tweo B o ns
' Write data delay time 1 twop1 | 14 ns
Write data delay time 2 twooz — 13 — 13 ns !
Write data delay time 2 twop2 B 13 ns
33 MHz* 66.67 MHz* :
item Symbol  Min  Max Min  Max  Unit | [ Item Symbol Min  Max Unit Conditions :
Write data hold time 1 twohi 15 — 15 — ns 1 | Write data hold time 1 twon: ik = ns i
; i
1 |
Write data hold time 2 twora 15— 15— ns | | Witedataholdtime2 twowz 15 = — ns ;
Write data hold time 3 twors 2 — 2 — ns | | Write data hold time 3 twows 2 = ns
Write data hold time 4 twona 2 — 2 — ns | | Writedataholdtime4 twona 2 = ns
WAIT setup time twrs 6 — 5 —_ ns WAIT setup time twrs 5 = ns Vee =1.70 to 2.05 V/
: VeeQ=3.0t03.6V
; 6 — Other than the above :
WAIT hold time twrh 0 — 0 - ns i " :
i | WAIT hold time twrh 0 = ns H
RAS delay time 2 t 15 12 15 12 ns | ==
e RASD2 i RAS delay time 2 trasD2 1.5 12 ns
CAS delay time 2 tcaspz 15 12 15 12 ns | — -
Y CAS delay time 2 teaspz 1.5 12 ns
DQM delay time toomp 15 10 15 10 ns | -
" i DQMdelay time toomp 15 10 ns
CKE delay time teken 15 12 15 12 ns | -
- i | CKE delay time teken 15 12 ns
ICIORD delay time ticrsp — 12 — 12 ns | — " L)
TCIOWR delay f o o ) ICIORD delay time ticrsp | 12 ns
elay time t — — ns | e T
Y 1owso ! | ICIOWR delay time ~ tcwso  — 12 ns
101S16 setup time tioies 12 — 12 — ns V| e -
107575 hold 4 4 " 10IS16 setup time tioles 12 — ns
old time t — — ns |
" o1eH ! | TOIST6 hold time town 4 — ns :
DACK delay time 1 toakpy — 10 — 10 ns H |
| DACK delay time 1 toakor  — 10 ns H

Notes:
*1 When Vcc = 1.6 to 2.05 V and VccQ =2.6 t0 3.6 V,
the upper limit of the external bus clock is 33 MHz.

*2 When Vec =1.751t02.05V and VeccQ=3.0t0 3.6 V,
the upper limit of the external bus clock is 66.67 MHz.
*3 tan: This is to deal with the latest negate timing of
CSn, RD, or WEn.

*4 tgpu1: This is to deal with the earliest negate timing of
CSnorRD.

1. tan: This is to deal with the latest negate timing of
CSn, RD, or WEn.

2. tgpui: This is to deal with the earliest negate timing of
CSnorRD.
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trekeye

TCK (input)

1/2VCCQ

Note: When clock is input from TCK pin

949 | Figure 32.17 Basic Bus Cycle (External Figure 32.19 Basic Bus Cycle (External
Wait, WAITSEL = 1) Wait, WAITSEL = 1)
2| || amil
Note added
Notes: tppr1: Specified based on the earliest negate timing of CSn or RD.
taw:  Specified based on the latest negate timing of CSn, RD, or WEn.
971 | Table 32.8 Peripheral Module Signal Table 32.11 Peripheral Module Signal
Timing Timing
—66.67
‘Min Max ‘Min Max
Note: * Py stands for “P clock cycle.” Note: * Py stands for “peripheral clock
(Po) cycle.”
973 | Figure 32.42 1/O Port Timing Figure 32.44 1/0O Port Timing
PORT 7t0 0 PORT A to H,
(read) Jto M, SC (read)
(B:P clock ratio = 1:1) (bus clock:peripheral
clock ratio = 1:1)
PORT 7t0 0 PORT Ato H,
(read) Jto M, SC (read)
(B:P clock ratio = 1:2) (bus clock:peripheral
clock ratio = 1:1/2)
PORT 7t0 0 PORT Ato H,
(read) Jto M, SC (read)
(B:P clock ratio = 1:4) (bus clock:peripheral
clock ratio = 1:1/4)
PORT 7t0 0 PORT A to H,
(write) Jto M, SC (write)
974 | Figure 32.45 TCK Input Timing Figure 32.47 TCK Input Timing

trcy Kcyc

trekH treke

TCK (input)

1/2 VeeQ
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Table 32.12 USB Module Signal Timing

Table 32.15

USB Module Signal Timing

Item Symbol Min Max Unit Figure item Symbol Min Max Unit Figure
UCLK external input clock tereQ 47.9 48.1 MHz 32.56 UCLK external input clock tereQ 479 48.1 MHz 32.58
frequency (48 MHz) frequency (48 MHz)

Clock rise time tras — 2 ns Clock rise time tres — 6 ns

Clock fall time tras — 2 ns Clock fall time tra — 6 ns

Duty (tch/tiow) toury 90 110 %

983

Table 32.15 AFEIF Module Signal Timing

Note: tpcyc is the cycle time (ns) of the
peripheral clock (P clock).

Table 32.18

AFEIF Module Signal Timing
Note: tpcyc is the cycle time (ns) of the

peripheral clock (P@).

985

32.3.14 AC Characteristics Measurement
Conditions

* Input pulse level: Vss to 3.0 V (where
RESETP, RESETM, ASEMDO, IRL3 to
IRLO, ADTRG, PINT[15] to PINT[0], CA,
NMI, IRQ5 to IRQO, CKIO, and MD5 to
MDO are within VssQ to VccQ)

* Input pulse level: VssQ to 3.0 V (where

RESETP, RESETM, ASEMDO, IRL3 to

IRLO, ADTRG, PINT[15] to PINT[0], CA,

NMI, IRQ5 to IRQO, CKIO, and MD5 to
MDO are within VssQ to VccQ)

991,
992

Table A.1 Pin Functions (cont)

Power- Release/ Paver- Release/
Signal Name Pin No. Manual Signal Name Pin No. Manual
Type " o on Standby | Open Bus Type . " 7} on Standby | Open Bus
(initial Status: Bold) (HQFP) Reset | Reset Privileges (Initial Status: Bold) (HQFP) Reser | RESEL Privileges
AFE/USB  [PTMI7/PINT[7)/ 118,119, o™ [N T TG | zewizio| o AFE/USB | PTMITIPINTI7]/ 118,119, o™ [V [0 | Z(yiiZio [ o
digitaliport | AFE_FS/USB1d_RCV, 120 digitallport | AFE_FSIUSB1d_RCV, 120
related PTME]/PINTIEY related PTM[6)/PINT[6]/
AFE_RXIN/USB1d_SPEED, AFE_RXIN/USB1d_SPEED,
PTM[SJ/PINT[S)/ PTM[S)/PINT[5)/
AFE_TXOUT/ AFE_TXOUT/
USBId_TXSEO USB1d_TXSEQ
PTM[4)/PINT[4)/ 121 "o v Wio | Z(Vyizio | 1nio PTM[4]/PINT[4)/ 121 nn v nn Zwvnz nn
AFE_RDET/ AFE_RDET
USB1d_TXDMNS =
= USB1d_SUSPEND 122 o o o o o
USB1d_SUSPEND 122 o o o o o
Serial SIOMCLK/SCPT[3] 194 1110 | P 71K 1P
Serial SIOMCLK/SCPT[3] 194 "o | 2P 2K P related
related SCK_SIO/SCPT(5] 19 1010 [ zP 2K 10/
SCK_SIO/SCPTIS], 196, 197 loo | P ZK loP SIOFSYNC/SCPTIE] 197 lono ! P KK lorp
SIOFSYNC/SCPT[8] RXDO/SCPT[O], 198, 201 " z zn 2z 73
RXDO/SCPTI0], 198, 201 n z zn 2z iz Rxp2/scPTil | ]
RxD2/SCPT[4]
Signal Name (Initial Status: Treatment Signal Name Treatment
‘ Type Bold) PinNo (HQFP) | PinNo(CSP) | 1O | 1onNot Used Type (Initial Status: Bold) PinNo (HQFP) | PinNo (CSP) | 1O |, 1o Not Used
AFE/USE | PTMI7JPINTI7JAFE_FS/ |118,119,120 | V1S, T18,Vi8 10" |Open AFE/USB | PTMI7VPINT[7J/AFE_FS/ 118,119,120 [Vi9, T18,Vig G [Gpen
digital/port |USB1d_RCV, digitaliport  |USB1d_RCV,
related PTM6J/PINT[6]/AFE_RXIN/ related PTMI6]/PINT[6]/AFE_RXIN/
USB1d_SPEED, UsB1d_SPEED,
PTMSJ/PINT[5/AFE_TXOUT/ PTM[S]/PINT[SJ/AFE_TXOUT/
USB1d_TXSEO USB1d_TXSEO
‘ PTM[4/PINT[4J/AFE_RDET/ |121 w19 1o |open PTM[4]/PINT[4)/AFE_RDET 121 wio Wi~ |open
USB1d_TXDMNS Reserved/USB1d_SUSPEND |122 V16 o |open
| USB1d_SUSPEND 122 V16 o |open
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Table A.3 Pin Status (Normal
Memory/Little Endian) (cont)

Note: 2. Unused pins can be switched to
port function, pull-up, or pull-down.

Note: 2. Unused pins can be switched to
port function, pull-up.

1003

Table A.4 Pin Status (Normal Memory/Big
Endian) (cont)

Note: 2. Unused pins can be switched to
port function, pull-up, or pull-down.

Note: 2. Unused pins can be switched to
port function, pull-up.

1005

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

Note: 2. Unused pins can be switched to
port function, pull-up, or pull-down.

Note: 2. Unused pins can be switched to
port function, pull-up.

1007

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

Note: 2. Unused pins can be switched to
port function, pull-up, or pull-down.

Note: 2. Unused pins can be switched to
port function, pull-up.

1011

Table A.9 Pin Status (PCMCIA/Little
Endian) (cont)

Note: 2. Unused pins can be switched to
port function, pull-up, or pull-down.

Note: 2. Unused pins can be switched to
port function, pull-up.

1013

Table A.10 Pin Status (PCMCIA/Big
Endian) (cont)

Note: 2. Unused pins can be switched to
port function, pull-up, or pull-down.

Note: 2. Unused pins can be switched to
port function, pull-up.

1018,
1019,
1021

Table B.1 Memory-Mapped Control
Registers (Address Map)

Control Register Module®  Bus*?  Address* Size (Bits) Access Size (Bits)™

Control Register Module®™  Bus™  Address™ Size (Bits) Access Size (Bits)™

HO40000EC 32 32

SIRCR SIOF P2 SIRCR SIOF P2 H'040000EC 32 32
SITMR SIoF P2 HO40000FC 16 16 PACR PORT B H04000100 16 16
SIFPR SioF P2 HO40000FE 16 16 PBCR PORT P HO4000102 16 16
PACR PORT P H'04000100 16 16 SDIR H-UDI 2 H'04000200 16 16
PBCR PORT P H'04000102 16 16 IPRF PPCNT P2 H'04000220 16 16
SDIR upI 2 H'04000200 16 16 IPRG PPCNT P2 H'04000222 16 16
SDDR/SDDRH upI 12 H'04000208 16/32 16/32 HcRhPortStatus2 USBH P2 H'04000458 32 32
SDDRL upi 12 HO0400020A 16 16 (USBHRPS2)
e ppoNT P2 04000220 16 P LDPROO (0 LOPRFF  LCDC P2 10400080010 32 2
H'04000BFC

IPRG PPCNT P2 H'04000222 16 16

LDICKR Lcoc P2 H'04000C00 16 16
HcRhPortStatus2 USBH P2 H'04000458 32 32
(USBHRPS2)
LDPROD Leoe P2 Hod000800 32 32
LDICKR LcDC P2 H'04000C00 16 16
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1024 | Appendix C Product Lineup
iModeI Name Package iModeI Name Package
EHD6417727F16OB 240-pin plastic HQFP EHD6417727F160C 240-pin plastic HQFP
: (FP-240B) : (PRQP0240KC-B)
HD6417727BP160B  240-pin CSP HD6417727BP160C  240-pin CSP
(BP-240A) (PLBG0240JA-A)
iHD6417727F100B  240-pin plastic HQFP 'HD6417727F100C  240-pin plastic HQFP
; (FP-240B) ! (PRQP0240KC-B)
EHD6417727BP1008 240-pin CSP EHD6417727BP100C 240-pin CSP
(BP-240A) (PLBG0240JA-A)
1025 | Figure D.1 Package Dimensions Figure D.1 Package Dimensions
(FP-240B) (PRQP0240KC-B)
Replaced
1026 | Figure D.2 Package Dimensions Figure D.2 Package Dimensions
(BP-240A) (PLBG0240JA-A)
Replaced
1027 | E.1  Determining the Version Number

Based on the Markings on the Chip
(1) HQPF-240 Package

Version Previous to SH7727B SH7727B

—— "B" indication
6417727 6417727  /
SH3-DSP 100 SH3-DSP 100
HITACHI 0124 HITACHI B 0124
BF80128 JAPAN BF80128 JAPAN

(2) CSP-240 Package

Version Previous to SH7727B SH77278B
"B" indication
6417727BP 6417727BP,
100 100
B
BF80128 BF80128
0124 JAPAN 0124  JAPAN
A A

(1) HQFP-240 Package

Version Previous

1o SH7727B SH7727B SH7727C
L g Ler
6417727F 6417727F indication | 6417727F indication
SH3-DSP 100 SH3-DSP 100 SH3-DSP 100
HITACHI 0124 HITACHI B 0124 c o124
BF80128  JAPAN BF80128  JAPAN BF80128

Note: Once stocks bearing Hitachi markings are exhausted, chips bearing Renesas markings may begin
1o appear.

(2) CSP-240 Package

Version Previous

to SH77278B SH77278B SH7727C
LB L e

64177278P 6417727BP indication | 6417727BP indication
100 100 f 100 f

B c
BF80128 BF80128 BF80128
0124 JAPAN 0124  JAPAN 0124 JAPAN
A A A
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Section 1 Overview and Pin Functions

Section 1 Overview and Pin Functions

1.1 Features

The SH7727 is a single-chip RISC microprocessor that integrates a 32-bit RISC-type SuperH
RISC engine architecture CPU with digital signal processing (DSP) extension as its core that has a
cache memory, an on-chip X/Y memory, and a memory management unit (MMU) as well as
peripheral functions required for system configuration. The SH7727 includes data protection,
virtual memory, and other functions provided by incorporating an MMU into a SuperH Series
microprocessor (SH-1 or SH-2).

The SH7727 chip has the on-chip X/Y memory with large capacitance, on-chip DSP module, and
emulator support. 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.

High-speed data transfers with a direct memory access controller (DMAC) and an external
memory access support function enables direct connection to each memory. The SH7727
microprocessor also supports an infrared communication function, a stereo audio recording and
playback function, a USB host controller, a function controller, an LCD controller, a PCMCIA
interface, an A/D converter, and a D/A converter.

The USB host controller and LCD controller have bus master functions, so that data supplied from
an external memory (area 3) can be freely processed. Because the USB host controller, in
particular, conforms to Open HCI standards, it is extremely easy to transfer data from the PC of a
device driver or other devices. Also, low-power operation suitable for battery operation is possible
because the LCD controller continues to display even in sleep mode.

An internal USB transceiver is also provided, eliminating the need for attachments.

A powerful built-in power management function keeps power consumption low, even during high-
speed operation. In particular, power consumption can be significantly reduced by halting the X/Y
memory. Because the LSI operates at a maximum speed eight times of the speed at which the
system operates, it is ideal for electronic devices, which require both high speed and low power
consumption.

The features of this LSI are listed in table 1.1. The specifications of this LSI are listed in table 1.2.
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Section 1 Overview and Pin Functions

Table 1.1 SH7727 Features

Item

Features

CPU

Original Renesas SuperH architecture

Object code level compatible with SH-1, SH-2 and SH-3

32-bit internal data bus

General-register

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

O Four 32-bit system registers

RISC-type instruction set

O Instruction length: 16-bit fixed length to improve code efficiency
O Load-store architecture

O Delayed branch instructions

O Instruction set based on C language

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

Space identifier ASID: 8 bits, 256 logical address space
Five-stage pipeline
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Item

Features

DSP

Mixture of 16-bit and 32-bit instructions

32-/40-bit internal data bus

Multiplier, ALU, barrel shifter and DSP register

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

Large DSP data register

O 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

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

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

Zero overhead repeat loop control
Conditional execution instructions

User-DSP mode and privileged-DSP mode

Clock pulse
generator (CPG)

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

Three types of clocks generated:

O CPU clock: 1-16 times the input clock

O Bus clock: 1-4 times the input clock

O Peripheral clock: 1/4—4 times the input clock
Power-down modes:

O Sleep mode

O Standby mode

O Module standby mode (X/Y memory standby enabled)
One-channel watchdog timer
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Item Features

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

unit (MMU) Page unit sharing

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

Supports software selection of replacement method and random-
replacement algorithms

Contents of TLB can directly be accessed according to the address mapping

Cache memory

16-kbyte cache, mixed instruction/data

256 entries, 4-way set associative, 16-byte block length

Write-back, write-through, least recently used (LRU) replacement algorithm
1-stage write-back buffer

Maximum 2 ways of the cache can be locked

XY memory

User-selectable mapping mechanism

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

3 independent read/write ports

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

O Maximum two 16-bit accesses from the DSP

O 8-/16-/32-bit access from the DMAC

8-kbyte RAM for X and Y memory individually

Interrupt
controller (INTC)

7 external interrupt pins (NMI, IRQ5-IRQ0)
On-chip peripheral interrupts: set priority levels for each module

User break
controller (UBC)

2 break channels

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

Supports a sequential break function
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Item

Features

Bus state
controller (BSC)

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

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

O Direct connection of SRAM, synchronous DRAM, and burst ROM
possible by designating memory to be connected to each area

O Supports PCMCIA interface (2 channels)

O Chip select signals (CS0, CS2—CS6) for relevant area
Synchronous DRAM refresh function

O Programmable refresh interval

O Supports CAS-before-RAS refresh and self-refresh modes
O Supports power-down DRAM

Synchronous DRAM burst access function

Big endian or little endian can be specified

Li bus state
controller (LBSC)

Bus State Controller for LCDC or USB Host
Supports synchronous DRAM

Synchronous DRAM access function (area 3)

User debug

Interface (H-UDI)

E10A emulator support
Pin arrangement conforming to JTAG specification
Realtime branch trace

Timer (TMU)

3-channel auto-reload-type 32-bit timer
Choice of six counter input clocks
Maximum resolution: 2 MHz

Realtime clock
(RTC)

Built-in clock, calendar functions, and alarm functions

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

Serial communi-
cation interface
(SCI)

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

Serial I/0 (SIOF)

Synchronous 16 step, 8/16/32 bit word FIFO for transmission/reception
¢ Supports 8-bit/16-bit mono/stereo sound playback or recording
¢ DMA can be transferred

¢ Supports frame sync signal

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

DMA t f
(SCIF) can be transferred

¢ On-chip modem control function

Direct memory ¢ 4 channels

access controller Burst mode and cycle-steal mode

(DMAC)
« External request operating mode
¢ 1-channel 16-bit compare match timer
PC card e Supports control signals for one slot
controller . .
¢ Interchangeable with SH7709 when not in use (2 slots)
USB Host ¢ Conforms to OHCI Rev. 1.0

controller (USBH) USB Rev. 1.1 compatible

e Up to 127 endpoints

¢ Supports INT/BULK/CONTROL/ISO modes

* Bus master controller (can access area 3 synchronous DRAM)

e 2 ports with analog transceiver (10of 2 is common with USB function)
« External clock input function

USB Function
controller (USBF) |

USB Rev. 1.1 compatible

Up to 4 endpoints

¢ Supports INT/BULK/CONTROL modes (ISO mode not supported)
¢ 1 port with analog transceiver (common with Host), 12 Mbps only
« External clock input function
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Item

Features

LCD controller
(LCDC)

From 16 x 1 to 1024 x 1024 pixels can be supported

4/8/15/16 bpp (bit per pixel) color modes

1/2/4/6 bpp (bit per pixel) gray scale

8-bit Frame rate controller
TFT/DSTN/STN

Signal polarity setting function
Hardware panel rotation
Power control function

Selectable clock source (LCLK, bus clock (Bg), or peripheral clock (P¢))

AFE I/F

ST7550 direct interface
Telephone line control
128-word FIFO for transfer
128-word FIFO for receive

1/0O port

Thirteen 8-bit 1/0 ports

A/D converter
(ADC)

10 bits + 4 LSB, 6 channels
Conversion time: 15 ys
Input range: 0-Vcc (max. 3.6 V)

D/A converter
(DAC)

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

Product lineup

Power Supply
Voltage

As of June 1, 2005

Operating
SH7727 1/0 Internal Frequency Model Name Package
160 MHz 3.0Vto 1.70Vto 160 MHz HD6417727F160C  240-pin plastic HQFP
products 3.6 V 2.05V (PRQP0240KC-B)
HD6417727BP160C 240-pin CSP
(PLBG0240JA-A)
100 MHz 2.6Vto 1.60Vto 100 MHz HD6417727F100C  240-pin plastic HQFP
products 3.6V 205V (PRQP0240KC-B)
HD6417727BP100C 240-pin CSP
(PLBG0240JA-A)
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1.2 Block Diagram
Int&Qallqi};A?M Memory
CSPuSerH <=p-| instruction/data |<e=mp—| DSP core managgment Cache memory
core for CPU/DSP unit 16 kbytes
16 kbytes (MMU)
CPU bus (L bus)
User Direct | User Clock
Cache access break memory access nterrLlllpt debug pulse
controller controller controller controCer interface generator
(CCN) (UBC) (DMAC) (INTC) (H-UDI) (CPG)
[
Bus state S
controller Internal bus (I bus) o Internal bus 2 (12 bus)
(BSC)
Serial
Real time Serial/ : inati DIA
Timer communication| | onyerter converter
\ clock smart card (TMU) interface
(RTC) o) (SCIP) (ADC) (DAC)
‘ Peripheral bus
. controller
Peripheral bus (P bus) Peripheral bus 1 (P1 bus)
Peripheral bus 2 (P2 bus)
c
8
§
< Analog Audio PC card US-B
512-byte front end CODEC controller function 288-byt
SRAM |1 interf 128-byte interface controller “byte
terface SRAM [+ (PCC) ™ SRAM
Y (AFEIF) (SIOF) (USBF)
Li bus L1 bus
state
controller
(LBSC)
2.4-kbyte LCD display 512-byte
line buffer |- controller pallet SRAM USB host controller
SRAM (LCcDC) (USBH)

Figure 1.1 Block Diagram
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1.3

1.3.1

Pin Description

Pin Arrangement
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Figure 1.2

Pin Arrangement (PRQP0240KC-B)
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1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19
vee- | EXT VEP [oprnd]
A [ yee | EXT o1 | nmi f1RQL| YEF [BACK| D31 | D27 |VssQ| D19 | D16 [veeQ| D10 | D6 | DS | D4 | D2 | A0
B | ANG [Avss \Fﬁsc XTAL2| MD2 \6\%’ VssQ| D30 [ D26 | D22 | vss | D17 | D14 | D11 |vecQ| D1 | D3 | DO | A2
C | ANs |Avee AL\J’SCE— IRQO |IRQ3| MDS5 [ckio2| D29 | D24 |vec| D21 | D18 [vssq| D12 | D8 [vssq| D7 [vssq| A3
D | An3 | AN7 | AN2 |IRQ2|IRQ4 [BREQ|VecQ| D28 | D25 | D23 | D20 | vee | D15 | D13 | DO | A7 | A5 | AL | A4
E |Avss| ang 35’3 255 A9 | A8 |veeo| A
Avss_| USB | USB |Avce_
S vl e s A12 |vssq| A11 | Al0
— 'CCH
Scan| \ipg [ Mp3 | ca A15 | A14 | A13 |VceQ
testen
H |PES |LcLk|PRE [Lcpo A19 | A18 | A17 | AL6
ETP Qo
J |Lcpi|Lepz|Lcp4|Leps A21 |VeeQ|vssq| A20
SH7727
K |VeeQ|Lcps|LecDs|LeD7 PLBGO0240JA-A A23 | Vss | A24 | A22
(Top View)
ss cc | BS | RD
Lep1o|LeDs|Lcps|vssQ A25 | vec | BS | RD
X cc SS!
RxD2| vee |scPTrLepiy WED | WET | WEZ |vssQ
SIOF RXD. I ol
RXD [ v WES | VeeQ |RDMWR|PTE?
N Sync| R 0 pves ss 3 | VeeQ [RD/WI
p TSXI%— SC"EKM TXD2 s;g_ Cso|csz |cs3|csa
R |ckio TSJQ TxDO|scko ©S5 | ©56 |vsso|CEZB
PCCO|ASEM|RESE| PCCO AFE_ AFE_
T | cL2 [op14lvssQ|vee | MDO |PTF3|VecQ| Vee [CECOIASEMIRESEIFEC0 pTo7| pTas vssQ | PTa1 (Y E-lPTMelre:
STA vss- | Vee- | PC PCCo |PCCo ADT = [ AFE
LCD12|CAP1 —ZZ|PTF6| == PT 1 |PTEO| Vi PTJ4 A KE |CE2A| Vi =
U |7usof-CP14CAPY o |piis | mEa P78 e [evoz|” "% Ra Of Vee |PTI4| CAS | CKE |G °Q|scLk
Vee- |peoe — usstd_| 0SB |,
V' |cotgextal vss |xTAL| %) |PCC01pTFS | vssQ| Vss [PTG4|WATT|PTES|PTDS| VeeQ| PTE2 ol S22 IPTMS PTIM7
PCCO vss- |peco PCCO |57 POCO — = USBI
Lcpis| vee [PEC0Icap2 °CC0| prr4|pTF7 | PCC0 fioTST6| PCCOPTES| Vss |PTJ3 PTEL|RTS2 PTM4
w ¢ |war PLL1| VS ch2 BRV s RASS avr ot

Figure 1.3 Pin Arrangement (PLBG0240JA-A)
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1.3.2 Pin Functions

Table 1.2 SH7727 Pin Function

Pin No. Pin No.

(PRQP0240KC-B) (PLBG0240JA-A) Name 110 Function

1 A1 Vee-RTCH — RTC power supply (1.9 V)

2 B4 XTAL2 (6] On-chip RTC crystal oscillator pin

3 A2 EXTAL2 | On-chip RTC crystal oscillator pin

4 B3 Vss-RTC™ — RTC power supply (0 V)

5 A3 MD1 | Clock mode setting

6 B5 MD2 | Clock mode setting

7 A4 NMI | Nonmaskable interrupt request

8 C4 IRQO/IRLO/PTH[O] 11N External interrupt / external interrupt /
input port H

9 A5 IRQ1/IRLT/PTH[1] 11N External interrupt / external interrupt /
input port H

10 D4 IRQ2/IRL2/PTH[2] 11N External interrupt / external interrupt /
input port H

11 C5 IRQ3/IRL3/PTH[3] 11N External interrupt / external interrupt /
input port H

12 D5 IRQ4/PTHI[4] I External interrupt request / input port H

13 A6 VEPWC O LCD panel Vege control

14 B6 VCPWC (6] LCD panel V¢ control

15 C6 MD5 | Endian setting

16 D6 BREQ I Bus request

17 A7 BACK 0 Bus acknowledge

18 B7 VssQ — Input/output power supply (0 V)

19 C7 CKIO2 O System clock output

20 D7 VeeQ — Input/output power supply (3.3 V)

21 A8 D31/PTB[7] 10/10 Data bus / 1/0 port B

22 B8 D30/PTB[6] 10/10 Data bus / 1/0 port B

23 Cc8 D29/PTB[5] 10/10 Data bus / I/O port B

24 D8 D28/PTB[4] 10/10 Data bus / 1/0 port B

25 A9 D27/PTB[3] 10/10 Data bus / 1/0 port B

26 B9 D26/PTB[2] 10/10 Data bus / 1/O port B

27 D9 D25/PTB[1] 10/10 Data bus / 1/0 port B
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Pin No. Pin No.

(PRQP0240KC-B) (PLBG0240JA-A) Name /10 Function

28 C9 D24/PTB[0] 10/10 Data bus / I/O port B

29 A10 VssQ — Input/output power supply (0 V)
30 D10 D23/PTA[7] 10/10 Data bus / 1/0 port A

31 Cc10 VeeQ — Input/output power supply (3.3 V)
32 B10 D22/PTA[6] 10/10 Data bus / I/O port A

33 C11 D21/PTA[5] 10/10 Data bus / 1/O port A

34 D11 D20/PTA[4] 10/10 Data bus / 1/0 port A

35 B11 Vss — Power supply (0 V)

36 A11 D19/PTA[3] 10/10 Data bus / 1/0 port A

37 D12 Vce — Power supply (1.9 V)

38 Cc12 D18/PTA[2] 10/10 Data bus / 1/O port A

39 B12 D17/PTA[1] 10/10 Data bus / 1/0 port A

40 A12 D16/PTA[0] 10/10 Data bus / 1/O port A

Y| D13 D15 10 Data bus

42 C13 VssQ — Input/output power supply (0 V)
43 B13 D14 10 Data bus

44 A13 VeeQ — Input/output power supply (3.3 V)
45 D14 D13 10 Data bus

46 C14 D12 10 Data bus

47 B14 D11 10 Data bus

48 A14 D10 10 Data bus

49 D15 D9 10 Data bus

50 C15 D8 10 Data bus

51 C17 D7 10 Data bus

52 A15 D6 10 Data bus

53 Cc16 VssQ — Input/output power supply (0 V)
54 A16 D5 10 Data bus

55 B15 VeeQ — Input/output power supply (3.3 V)
56 A17 D4 10 Data bus

57 B17 D3 10 Data bus

58 A18 D2 10 Data bus

59 B16 D1 10 Data bus

60 B18 DO 10 Data bus
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Pin No. Pin No.

(PRQP0240KC-B) (PLBG0240JA-A) Name /10 Function

61 A19 A0 O Address bus

62 D18 A1 o} Address bus

63 B19 A2 o} Address bus

64 Cc18 VssQ — Input/output power supply (0 V)
65 C19 A3 o} Address bus

66 E18 VeeQ — Input/output power supply (3.3 V)
67 D19 A4 o} Address bus

68 D17 A5 o} Address bus

69 E19 A6 o} Address bus

70 D16 A7 o} Address bus

71 E17 A8 o} Address bus

72 E16 A9 o} Address bus

73 F19 A10 o} Address bus

74 F18 A11 o} Address bus

75 F17 VssQ — Input/output power supply (0 V)
76 F16 A12 o} Address bus

77 G19 VeeQ — Input/output power supply (3.3 V)
78 G18 A13 o} Address bus

79 G17 A14 o} Address bus

80 G16 A15 o Address bus

81 H19 A16 o} Address bus

82 H18 A17 o} Address bus

83 H17 A18 O Address bus

84 H16 A19 o} Address bus

85 J19 A20 o Address bus

86 J18 VssQ — Input/output power supply (0 V)
87 J16 A21 o} Address bus

88 J17 VeeQ — Input/output power supply (3.3 V)
89 K19 A22 o} Address bus

90 K16 A23 o} Address bus

91 K17 Vss — Power supply (0 V)

92 K18 A24 o} Address bus

93 L17 Vce — Power supply (1.9 V)
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Pin No. Pin No.
(PRQP0240KC-B) (PLBG0240JA-A) Name /10 Function
94 L16 A25 (0] Address bus
95 L18 BS/PTK[4] 0/10 Bus cycle start signal / 1/0 port K
96 L19 RD o] Read strobe
97 M16 WEO/DQMLL 0/0 D7-D0 select signal / DQM (SDRAM)
98 M17 WE1/DQMLUWE  O/O/0 D15-D8selectsignal/
DQM (SDRAM) / PCMCIA WE
99 M18 WE2/DQMUL/ 0O/0/ D23-D16 select signal /
ICIORD/PTK]6] o/10 DQM (SDRAM) / PCMCIA I/O read /
I/0 port K
100 M19 VssQ — Input/output power supply (0 V)
101 N16 WE3/DQMUU/ 0O/0/ D31-D24 select signal /
ICIOWR/PTK]7] o/10 DQM (SDRAM) / PCMCIA /O write /
I/0O port K
102 N17 VeeQ — Input/output power supply (3.3 V)
103 N18 RD/WR 0 Read/write
104 N19 PTE[7)/PCCORDY/ 10/I/O /O port E / PCMCIAO ready / AUD
AUDSYNC synchronization
105 P16 CSo (0] Chip select 0
106 P17 CSs2 (@) Chip select 2
107 P18 CS3 (@) Chip select 3
108 P19 CS4/PTK][2] o/10 Chip select 4 / 1/0 port K
109 R16 CS5/CE1A/PTK[3]  O/O/IO Chip select 5/ CE1 (area 5 PCMCIA) /
I/0 port K
110 R17 CS6/CE1B 0/0 Chip select 6 / CE1 (area 6 PCMCIA)
111 u17 CE2A/PTE[4] O/10 Area 5 PCMCIA card enable /
I/0O port E
112 R19 CE2B/PTE[5] O/10 Area 6 PCMCIA card enable /
I/0O port E
113 T17 AFE_HC1/ O/l/IO  AFE hardware control signal /
USB1d_DPLS/ D+ signal input / 1/O port K
PTKIO]
114 T19 AFE_RLYCNT/ O/l/I0  AFE relay control signal / D- signal
USB1d _DMNS/ input / 1/0 port K
PTK[1]
115 R18 VssQ — Input/output power supply (0 V)
116 u19 AFE_SCLK/ 1/0 AFE clock / D+ transmit output
USB1d _TXDPLS
117 u18 VeeQ — Input/output power supply (3.3 V)
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Pin No. Pin No.

(PRQP0240KC-B) (PLBG0240JA-A) Name /10 Function

118 V19 PTM[7)/PINT[7)/ /111N Input port M / port interrupt / AFE frame
AFE_FS/ synchronization / receive data input
USB1d_RCV

119 T18 PTM[6)/PINT[6]/ 1/11/O Input port M / port interrupt / AFE
AFE_RXIN/ receive data / transceiver speed control
USB1d_SPEED

120 V18 PTMI[5)/PINT[5)/ I/l/O/O  Input port M / port interrupt / AFE
AFE_TXOUT/ transmit data / SEO output
USB1d_TXSEO

121 W19 PTM[4]/PINT[4)/ I/ Input port M / port interrupt / AFE
AFE_RDET ringing detection

122 V16 Reserved/ O/0 Reserved/Transceiver suspend state
USB1d_SUSPEND output

123 w18 USB1_ovr_crnt/ I/l USB host 1 overcurrent detection /
USBF_VBUS USB function VBUS

124 V17 USB2_ovr_crnt | USB host 2 overcurrent detection

125 W17 RTS2/ 0/0 SCIF RTS pin / USB output enable pin
USB1d_TXENL

126 V15 PTE[2)/ 10/0 I/O port E / USB1 voltage control
USB1_pwr_en

127 W16 PTE[1) 10/0 I/O port E / USB2 voltage control
USB2_pwr_en

128 u16 CKE/PTK]5] 0/10 CK enable (SDRAM) / 1/O port K

129 W15 RAS3/PTJ[0] o/10 RAS for SDRAM / I/O port J

130 T16 Reserved/PTJ[1] o/10 Reserved / /0 port J

131 u15 Reserved/CAS/ O/0O/I0  Reserved / CAS for SDRAM / I/0O port J
PTJ[2]

132 T15 VssQ — Input/output power supply (0 V)

133 w14 Reserved/PTJ[3] O/10 Reserved / 1/0 port J

134 V14 VeeQ — Input/output power supply (3.3 V)

135 u14 Reserved/PTJ[4] O/10 Reserved / 1/O port J

136 T14 Reserved/PTJ[5] O/10 Reserved / 1/O port J

137 W13 Vss — Power supply (0 V)

138 V13 PTD[5)/CL1 10/0 1/0 port D / LCD line clock

139 U13 Vce — Power supply (1.9 V)

140 T13 PTD[7)/DON 10/0 1/0 port D / LCD DISPLAY on

141 W12 PTE[6]/M_DISP 10/0 I/0 port E / LCD alternating signal /

DISP signal
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Pin No. Pin No.

(PRQP0240KC-B) (PLBG0240JA-A) Name /10 Function

142 V12 PTE[3)/FLM 10/0 1/0 port E / LCD frame line marker

143 u12 PTE[0)/TDO 10/0 1/0 port E / test data output

144 T12 PCCORESET/ 0/0 PCC reset / DMA request receive
DRAKO

145 W11 PCCODRV/DACKO O/O PCC buffer control / DMA acknowledge

0

146 V11 WAIT | Hardware wait request

147 T11 RESETM | Manual reset request

148 U1 ADTRG/PTHI5] I/ Analog trigger / input port H

149 W10 10IS16/PTG[7] 1] 101S16 (PCMCIA) / input port G

150 T10 ASEMDO | ASE mode

151 u10 PTG[5]/ASEBRKAK /O Input port G / ASE break acknowledge

152 V10 PTG[4] | Input port G

153 U9 PCCOBVD2/PTG[3)/ /IO PCC BVD2 pin / input port G /
AUDATAJ[3] AUD data

154 T9 PCCOBVD1/PTG[2)/ /IO PCC BVD1 pin / input port G /
AUDATA[2] AUD data

155 V9 Vss — Power supply (0 V)

156 w9 PCCOCD2/PTG[1))  I/lIO PCMCIAOQ CD2 pin / input port G /
AUDATA[1] AUD data

157 T8 Vce — Power supply (1.9 V)

158 us PCCOCD1/PTG[0)  I//IO PCC CD1 pin / input port G / AUD data
AUDATAJO0]

159 V8 VssQ — Input/output power supply (0 V)

160 w8 PTF[7]/PINT[15)/ I/I/ Input port F / port interrupt / test reset
TRST

161 T7 VeeQ — Input/output power supply (3.3 V)

162 u7 PTF[6]/PINT[14])/ 11/ Input port F / port interrupt /
TMS test mode switch

163 V7 PTF[5])/PINT[13)/ 11/ Input port F / port interrupt /
TDI test data input

164 w7 PTF[4]/PINT[12)/ 11/ Input port F / port interrupt /
TCK test clock

165 T6 PTF[3)/PINT[11])/ I/1/0 Input port F / port interrupt / Reserved
Reserved

166 ue PCCREG/PTF[2)/ o/lIo PCC REG pin / input port F/ Reserved
Reserved

Rev. 5.00 Dec 12, 2005 page 16 of 1034
REJ09B0254-0500

RENESAS



Section 1 Overview and Pin Functions

Pin No. Pin No.

(PRQP0240KC-B) (PLBG0240JA-A) Name /10 Function

167 V6 PCCOVS1/PTF[1]/  I/lIO PCC VS1 pin / input port F/ Reserved
Reserved

168 Wé PCCOVS2/PTF[0) 1110 PCC VS2 pin / input port F/ Reserved
Reserved

169 T5 MDO | Clock mode setting

170 us Vee-PLL1*2 — PLL1 power supply (1.9 V)

171 u3 CAP1 — PLL1 external capacitance pin

172 W5 Vss-PLL1*2 — PLL1 power supply (0 V)

173 U4 Vss-PLL2*2 — PLL2 power supply (0 V)

174 w4 CAP2 — PLL2 external capacitance pin

175 V5 Vee-PLL2*2 — PLL2 power supply (1.9V)

176 W3 PCCOWAIT/PTH[6)  I/I/l PCC hardware wait request /
AUDCK input port H/ AUD clock

177 V3 Vss — Power supply (0 V)

178 w2 Vce — Power supply (1.9 V)

179 V4 XTAL o} Clock oscillator

180 V2 EXTAL | External clock / crystal oscillator

181 W1 LCD15/PTM[3)/ o/liN LCD data output / input port M /
PINT[10] port interrupt

182 T2 LCD14/PTM[2)/ o/liN LCD data output / input port M /
PINT[9] port interrupt

183 V1 LCD13/PTM[1)/ o/liN LCD data output / input port M /
PINT[8] port interrupt

184 u2 LCD12/PTM[0] o/l LCD data output / input port M

185 U1 STATUSO/PTJ[6] O/10 Processor status / 1/0 port J

186 R2 STATUS1/PTJ[7] O/10 Processor status / 1/0 port J

187 T CL2/PTH[7] O/10 LCD clock output / 1/0O port H

188 T3 VssQ — Input/output power supply (0 V)

189 R1 CKIO 10 System clock input/output

190 T4 VeeQ — Input/output power supply (3.3 V)

191 R3 TxD0O/SCPTI[0] 0O/0 Transmit data 0 / SCI output port

192 R4 SCKO/SCPT[1] 10/10 Serial clock 0 / SCI I/O port

193 P1 TxD_SIO/SCPT[2] 0/0 SIOF transmit data / SCI output port

194 P2 SIOMCLK/SCPT[3] 110 SIOF clock input / SCI I/O port

195 P3 TxD2/SCPT[4] 0/0 Transmit data 2 / SCI output port
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Pin No. Pin No.

(PRQP0240KC-B) (PLBG0240JA-A) Name /10 Function

196 P4 SCK_SIO/SCPT[5] 10/10 SIOF communication clock /

SCI I/O port

197 N1 SIOFSYNC/SCPT[6] 10/10 SIOF frame synch. / SCI I/O port

198 N2 RxDO/SCPT[0] I/l Receive data 0/ SCI input port

199 N3 RxD_SIO/SCPT[2] /I SIOF receive data / SCl input port

200 N4 Vss — Power supply (0 V)

201 M1 RxD2/SCPTI[4] ] Receive data 2 / SCI input port

202 M2 Vce — Power supply (1.9 V)

203 M3 SCPT[7)/CTS2/IRQ5 /I/I SCl input port / SCIF clear to send /

external interrupt request

204 M4 LCD11/PTC[7) O/I0/I  LCD data out/ /O port C/
PINT[3] port interrupt

205 L1 LCD10/PTC[6)/ O/IO0/I  LCD data out/ I/O port C / port
PINT[2] interrupt

206 L2 LCD9/PTCI5)/ O/IO0/I LCD data out/ I/O port C / port
PINT[1] interrupt

207 L4 VssQ — Input/output power supply (0 V)

208 L3 LCD8/PTC[4]/ O/IO0/I  LCD data out/ I/O port C / port
PINT[O] interrupt

209 K1 VeeQ — Input/output power supply (3.3 V)

210 K4 LCD7/PTDI[3] O/10 LCD data out/ I/O port D

211 K3 LCD6/PTDI[2] O/10 LCD data out/ I/O port D

212 K2 LCD5/PTCI3] O/10 LCD data out/ 1/0O port C

213 J3 LCD4/PTCI2] O/10 LCD data out/ 1/0O port C

214 J4 LCD3/PTCI[1] O/10 LCD data out/ 1/0O port C

215 J2 LCD2/PTCI0] O/10 LCD data out/ 1/0O port C

216 J1 LCD1/PTDI[1] o/I0 LCD data out/ I/O port D

217 H4 LCDO/PTDI0] O/10 LCD data out/ I/O port D

218 H3 DREQO/PTD[4] 1]l DMA request / input port D

219 H2 LCLK/UCLK/PTD[6] I/1/l LCD clock / USB clock / input port D

220 HA1 RESETP I Power-on reset request

221 G4 CA | Hardware standby request

222 G3 MD3 | Area 0 bus width setting

223 G2 MD4 | Area 0 bus width setting

224 G1 Scan_testen I Test pin (fixed to 3.3 V)

225 F4 AVcc_USB — USB analog power supply (3.3 V)
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Pin No. Pin No.

(PRQP0240KC-B) (PLBG0240JA-A) Name /10 Function

226 F3 USB1_P(analog) 10 USB1 data I/O (plus)

227 F2 USB1_M(analog) 10 USB1 data I/O (minus)

228 F1 AVss_USB — USB analog power supply (0 V)

229 E4 USB2_P(analog) 10 USB2 data I/O (plus)

230 E3 USB2_M(analog) 10 USB2 data I/0 (minus)

231 C3 AVcc_USB — USB analog power supply (3.3 V)

232 E1 AVss — Analog power supply (0 V)

233 D3 AN[2]/PTL[2] ] A/D converter input / input port L

234 D1 AN[3)/PTL[3] I/l A/D converter input / input port L

235 E2 AN[4])/PTL[4] I/ A/D converter input / input port L

236 C1 AN[5)/PTL[5] ] A/D converter input / input port L

237 C2 AVcce — Analog power supply (3.3 V)

238 B1 AN[6)/PTL[6)/DA[1] /IO A/D converter input / input port L /
D/A converter output

239 D2 AN[7)/PTL[7)/DA[0] /IO A/D converter input / input port L /
D/A converter output

240 B2 AVss — Analog power supply (0 V)

Notes: All Vcc/Vss should be connected to the all system power supply (so that power is supplied
at all times).

Always supply power to the Vcc-RTC, even if RTC is not being used.
Always supply power to the Vcc-PLL, even if the internal PLL is not being used.

Drive high when using the user system alone, and not using an emulator or the H-UDI.
When this pin is low or open, RESETP may be masked.

1.
2.
3.
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Section 2 CPU

2.1 Registers

The SH7727 has the same registers as in SH-3. In addition, the SH7727 also support the same
DSP-related registers seen in SH-DSP. The basic software-accessible registers are divided into
four distinct groups:

* General-purpose registers
¢ Control registers
e System registers

e DSP registers

With the exception of a number of DSP registers, all of these registers are 32-bit width. The
general-purpose registers are accessible from the user mode, with RO to R7 banked to provide each
processor mode access to a separate set of the RO to R7 registers (i.e. RO to R7 BANKO, and RO
to R7_BANKI1). In the privileged mode, the register bank (RB) bit in the status register (SR)
defines which set of banked registers (RO to R7_ BANKO or RO to R7 BANK1) is accessed as
general-purpose registers, and which are accessed only by the LDC/STC instructions.

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

* SR: Status register

¢ SSR: Saved status register

e SPC: Saved program counter

¢ GBR: Global base register

* 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 cannot be accessed by
software, but is included here because its contents are saved in, and restored from, SPC). The
system registers are:

¢ MACH: Multiply and accumulate high register
*  MACL: Multiply and accumulate low register
¢ PR: Procedure register
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e PC: Program counter
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 processing
operation mode bit (MD) in the status register.

The DSP mode is switched by means of the DSP bit in the status register.
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31 31 31 0
RO_BANKO0* "2 RO_BANK1'1™3 RO_BANKO™*
R1_BANKO0™2 R1_BANK13 R1_BANKO™
R2_BANKO0"2 R2_BANK1™ R2_BANKO™
R3_BANKO02 R3_BANK1™ R3_BANKO™
R4_BANKO2 R4_BANK1™® R4_BANKO™
R5_BANKO0™2 R5_BANK1™? R5_BANKO™
R6_BANKO0"2 R6_BANK1™ R6_BANKO™
R7_BANKO0™2 R7_BANK1"3 R7_BANKO™
R8 R8 R8
R9 R9 R9
R10 R10 R10
R11 R11 R11
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

(a) User mode register

configuration

RO_BANKO* ™

RO_BANK1'1"3

R1_BANKO™ R1_BANK1?
R2_BANKO™ R2_BANK1"®
R3_BANKO™ R3_BANK1"®
R4 _BANKO™ R4_BANK1™
R5_BANKO™ R5_BANK13
R6_BANKO™ R6_BANK1™3
R7_BANKO™ R7_BANK1™

(b) Privileged mode register

configuration (RB = 1)

(c) Privileged mode register
configuration (RB = 0)

Notes: 1. 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.

2
3.

Figure 2.1 Register Configuration in Each Processing Mode (1)
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32 31

AOG AO

AlG Al

MO

M1

X0

X1

YO

Y1l

DSR

MS

ME

MOD

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

Figure 2.2 Register Configuration in Each Processing Mode (2)

Register values after a reset are shown in table 2.1.

Table 2.1 Initial Register Values
Type Registers Initial Value*
General registers RO to R15 Undefined
Control registers SR MD bit =1, RB bit=1, BL bit=1, 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, A1, A1G, MO, M1, Undefined
X0, X1, YO, Y1
DSR H'00000000

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

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

With SuperH microcomputer type instructions, RO is used as an index register. With a number of
instructions, RO is the 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 data memory (single data) that uses the L-bus.

To access X memory, R4 and R5 are used as X address register [Ax] and RS is used as X index
register [[x]. To access Y memory, R6 and R7 are used as Y address register [Ay] and R9 is used
as Y index register [Iy]. To access single data that uses the L-bus, R2, R3, R4, and RS are used as
single data address register [As] and R8 is used as single data index register [Is].

Figure 2.3 shows the general purpose registers, which are identical to SH-3’s, 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
R32 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. RO to R7 are banked registers. In user mode,
R72 BANKO is used. In privileged mode, SR.RB
RS specifies BANK.
SR.RB = 0; BANKO is used
R9 SR.RB = 1; BANKL is used
R10
R11
R12
R13
R14
R15

Figure 2.3 General Purpose Register (Not in DSP Mode)
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On the other hand, R2 to R9 registers are also used for the DSP data address calculations, see
figure 2.4, when DSP extension is enabled. Another symbol that represents the purpose of the

registers in DSP type instruction is [ ].

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, R5 [Ax]: Address register set for X data memory.
R8 [x]: Index register for address register set Ax.

R6, R7 [Ay]: Address register set for Y data memory.
R9 [ly]: Index register for address register set Ay.

Single data transfer operation
R2 to R5 [As]: Address register set for memory.
R8 [Is]: Index register for address register set As.

Figure 2.4 General Purpose Register (DSP Mode)

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

R8[Ix], R4, R5[Ax] for X memory access, and R9[Iy], R6, R7[Ay] for Y memory access.

The names (symbol) R2 to R9 are used in the Assembler, but users can use other register names
that represent the purpose of the register in the DSP instruction explicitly. In the assembly
program, user can use an alias for the register. The coding in assembler is as follows.

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

AX0: .REG (R4)
Ax1l: .REG (R5)
I x: .REG (R8)
Ay0: .REG (R6)
Ayl: .REG (R7)
ly: .REG (R9)
AsO: .REG (R4) ; Thisis optional. If you need another alias for single data transfer.
Asl: .REG (R5) ; Thisis optional. If you need another alias for single data transfer.
As2: .REG (R2)
As3: .REG (R3)
I's: .REG (R8) ; This is optional. If you need another alias for single data transfer.

2.1.2 Control Registers

SH7727 has eight 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. The DSP mode is activated only
when SR.DSP = 1.

Repeat start register RS, repeat end register RE, and repeat counter RC (12-bit part of the SR) and
repeat control bits RFO and RF1 are new registers and control bits which are used for repeat
control. Modulo register MOD and modulo control bits DMX and DMY in the SR are also new
register and control bits.

In the SR, there are six additional control bits: RC[11:0], RF0, RF1, DMX, DMY and DSP. Bits
DMX, DMY, RC[11:0], and RF[1:0] can be modified in supervisor mode, DSP supervisor mode,
and DSP user mode. The DMX and DMY are used for modulo addressing control. If the DMX is
1 then the modulo addressing mode is effective for the X memory address pointer, Ax (R4 or R5).
If the DMY is 1 then it is effective for the Y memory address pointer, Ay (R6 or R7). However,
both X and Y address pointer cannot be operated under the modulo addressing mode even though
both DMX and DMY bits are set. The case of DMX = DMY = 1 is reserved for future expansion.
When both DMX and DMY are set simultaneously, the hardware will preliminary treat only
address pointer as the modulo addressing mode. Modulo addressing is available for X and Y data
transfer operation (MOVX and MOVY), but not for single data transfer operation (MOVS).

The RF1 and RFO0 hold information of the number of repeat steps and they are set when a SETRC
instruction is executed. When RF[1:0] shows 00, the current repeat module consists of one-step
instruction. When RF[1:0] = 01, it means two-step instructions. When RF[1:0] = 11, it means
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three-step instruction. When RF[1:0] = 10, it 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.

The SR also has a 12-bit repeat counter RC which is used for efficient loop control. Repeat start
register (RS) and repeat end register (RE) are also introduced for the loop control. They keep the
start and end addresses of a loop (the contents of the registers, RS and RE are slightly different
from the actual loop start and end address).

Modulo register, MOD is introduced to realize modulo addressing for circular data buffering.
MOD keeps the modulo start address (MS) and the modulo end address (ME).

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

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

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

LDRS @disp,PC); disp x2 + PC - RS
LDRE @disp,PC); disp x 2 + PC - RE
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31 2827 1615 1312 11 10 9 8 7 6 5 4 3 2 1 O

OMD RB BL, RC | 0-0 DSPDMYDMXM Q 13 12 11 10 RFIRFO S T | SR (Status register)

MD bit: Processor operation mode
MD = 1: Privileged mode
MD = 0: User mode

RB bit: 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_BANK1 accessed by LDC/STC instructions.

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

RC [11:0]: 12-bit repeat counter

DSP bit:  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.

DMY bit:  Modulo addressing enable for Y side

DMX bit:  Modulo addressing enable for X side

Q, M bit:  Used by DIVOU/S and DIV1 instructions.

1[3:0]: 4-bit field indicating the interrupt request mask level.
RF [1:0]:  Used for repeat control

S bit: Used by the MAC instructions and DSP data.

T bit: 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, SHARI/L, SHLR/L, ROTR/L and ROTCR/L instructions also use the T bit to indicate
a carry, borrow, overflow, or underflow.

Reserved bits: Always read as 0, and should always be written with 0 (bit 31, bits 15 to 13).

Figure 2.5 Control Registers (1)
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31 0
| SSR | Saved status register (SSR)
31 0
| SPC | Saved program counter (SPC)
31 0
| GBR | Global base register
31 0
| VBR | Vector base register
31 0
| RS | Repeat start register
31 0
| RE | Repeat end register
31 16 15 0
MOD | ME ' MS | Modulo register

ME: Modulo end address, MS: Modulo start address

Saved status register (SSR)
Stores current SR value at time of exception to indicate processor status when returning to instruction
stream from exception 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 address of repeat loop end.

Modulo register (MOD)

Used in DSP mode only.

MODI31:16]: ME: Modulo end address, MOD[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).

Figure 2.5 Control Registers (2)
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2.1.3 System Registers

The SH7727 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 starting address that is four addresses ahead.

Figure 2.6 System Registers

DSR, A0, X0, X1, YO and Y1 registers are also treated as system registers. So, data transfer
instructions between general registers and system registers are supported for them.

2.14 DSP Registers

The SH7727 has eight data registers and one control register (figure 2.7). The data registers are
32-bit width with the exception of registers A0 and Al. Registers A0 and Al include 8 guard bits
(fields AOG and A1G), giving them a total width of 40 bits.

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

Second one is X and Y data transfer operation, “MOVX.W MOVY.W”. This operation accesses
the X and Y memories through 16-bit X and Y data buses (figure 2.8). Registers to be loaded or
stored by this operation are always upper 16 bits (bits 31 to 16). X0 and X1 can be destination of
the X memory load and YO and Y1 can be destination of Y memory load, but other register cannot
be destination register of this operation.
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When data is read into the upper 16 bits of a register (bits 31 to 16), the lower 16 bits of the
register (bits 15 to 0) are automatically cleared. AO and A1 can be stored to the X or Y memory by
this operation, but other registers cannot be stored.

There are some rules to access SR by STC/LDC instruction.

1. When DSP is disabled, same as SH-3 behavior

2. When SDP supervisor mode, same as supervisor mode

3. In User DSP mode, SR can be read by STC instruction

4. In User DSP mode, LDC to SR is allowed but no DSP related bits are protected from write.

Table 2.2 shows detail behavior under each SH3-DSP mode.
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Table 2.2  Detail Behavior Under Each SH3-DSP Mode
i Dsp i Access to
Supervisor Supervisor DSP User DSP Related
Mode User Mode Mode Mode Bits by
MD=1& MD=0& MD=1& MD=0& Dedicated Initial Value after
Fields DSP=0 DSP=0 DSP =1 DSP =1 Instruction Reset
MD S: OK, S, L:illegal S: OK, S: OK, 1
L: OK instruction L: OK L: NG
RB S: OK, S, L:illegal S: OK, S: OK, 1
L: OK instruction L: OK L: NG
BL S: OK, S, L:illegal S: OK, S: OK, 1
L: OK instruction L: OK L: NG
RC[11:0] S:OK, S, L:illegal S: OK, S: OK, SETRC 0b000000000000
L: OK instruction L: OK L: OK instruction
DSP S: OK, S, L:illegal S: OK, S: OK, 0
L: OK instruction L: OK L: NG
DMX S: OK, S, L:illegal S: OK, S: OK, 0
L: OK instruction L: OK L: OK
DMY S: OK, S, L:illegal S: OK, S: OK, 0
L: OK instruction L: OK L: OK
Q S: OK, S, L:illegal S: OK, S: OK, X
L: OK instruction L: OK L: NG
M S: OK, S, L:illegal S: OK, S: OK, X
L: OK instruction L: OK L: NG
I [3:0] S: OK, S, L:illegal S: OK, S: OK, 1111
L: OK instruction L: OK L: NG
RF [1:0] S: OK, S, L:illegal S: OK, S: OK, SETRC X
L: OK instruction L: OK L: OK instruction
S S: OK, S, L:illegal S: OK, S: OK, X
L: OK instruction L: OK L: NG
T S: OK, S, L:illegal S: OK, S: OK, X
L: OK instruction L: OK L: NG
(S) STC: Store SRto Rn, SR - Rn
(L) LDC: Load Rnto SR, Rn - SR
OK: Allowed to STC/LSC operation

lllegal instruction

NG:

Keep previous value, nothing changed

: Treated as illegal instruction, exception should be occurred

Third one is single-data transfer instruction, “MOVS.W” and “MOVS.L”. This instruction
accesses any memory location through LDB (figure 2.8). All DSP registers connect to the LDB
and be able to be source and destination register of the data transfer. It has word and longword
access modes. In the word mode, registers to be loaded or stored by this instruction are upper 16
bits (bits 31 to 16) for the DSP registers except AOG and A1G. When data is loaded into a register
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other than AOG and A1G in the word mode, lower half of the register is cleared. When it is AO or
Al, the data is sign-extended to bits 39 to 32 and lower half of it is cleared. When A0G or A1G is
a destination register in the word mode, data is loaded into 8-bit register, but A0 or Al is not
cleared. In the longword mode, when a destination register is A0 or Al, it is sign-extended to bits
39 to 32.

Tables 2.3 and 2.4 show the data type of registers used in the DSP instructions. Some instructions
cannot use some registers shown in the tables because of instruction code limitation. For example,
PMULS can use Al for source registers, but cannot use A0. These tables ignore details of the
register selectability.

Table 2.3  Destination Register of DSP Instructions
Guard Bits Register Bits
Registers Instructions 39 32|31 16|15
A0, A1 DSP Fixed-point, PSHA, Sign-extended 40-bit result
PMULS
Integer, PDMSB Sign-extended 24-bit result |Cleared
Logical, PSHL Cleared 16-bit result  |Cleared
Data MOVS.W Sign-extended | 16-bit data Cleared
transfer
MOVS.L Sign-extended |32-bit data
AOG, A1G |Data MOVS.W Data No update
transfer MOVS.L Data No update
X0, X1 DSP Fixed-point, PSHA, 32-bit result
YO, 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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Table 2.4  Source Register of DSP Operations
Guard Bits Register Bits
Registers Instructions 39 3231 16 (15 0
A0, A1 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  fmovs L 32-bit data
AOG, A1G |Data MOVS.W Data
transfer  fmovs L Data
X0, X1 DSP Fixed-point, PDMSB, Sign* 32-bit data
YO, 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: * Sign-extend the data and feed to the ALU
39 3231 0
AO0G A0
AlG Al
MO
M1
X0
X1
YO
Y1l

(a) DSP Data Registers

31 8,7,6,5,4,3 2 1,0
------------------------- leT| | N| V| cs[2:0 [DC|

(b) DSP Status Register (DSR)

Reset status
DSR: All zeros
Others: Undefined

Figure 2.7 DSP Registers
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Table 2.5 DSR Register Bits

Bit Name (Abbreviation) Function
31-8 Reserved bits 0: Always read out; always use 0 as a write value
7 Signed greater than bit Indicates that the operation result is positive
(GT) (excepting 0), or that operand 1 is greater than
operand 2
1: Operation result is positive, or operand 1 is greater
6 Zero bit (Z) Indicates that the operation result is zero (0), or that
operand 1 is equal to operand 2
1: Operation result is zero (0), or equivalence
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
4 Overflow bit (V) Indicates that the operation result has overflowed
1: Operation result has overflowed
31 Status selection bits (CS) Designate the mode for selecting the operation result
status set in the DC bit
Do not set either 110 or 111
000: Carry/borrow mode
001: Negative value mode
010: Zero mode
011: Overflow mode
100: Signed greater mode
101: Signed above mode
0 DSP status bit (DC) Sets the status of the operation result in the mode

designated by the CS bits
0: Designated mode status not realized (unrealized)
1: Designated mode status realized
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- LDB
16 bit
. XDB
16 bit
_ _ YDB
8 bit | 4 32 bit
MOVS.W, MOVX.W MOVY.W MOVS.W,
MOVS.L 31 16 MOVS.L
39 | 32 ] 0
AOG AO
ALG Al
MO
DSR Vi
7 0 - 0
- X1
- YO
- Y1

Figure 2.8 Connections of DSP Registers and Buses

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

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

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

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

When DSR is read by the STS instructions, the upper bits (bit 31 to bit 8) are all 0.
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2.2 Data Format

2.2.1 Data Format in Registers (Non-DSP Type)

Register operands are always longwords (32 bits) (figure 2.9). When the memory operand is only
a byte (8 bits) or a word (16 bits), it is sign-extended into a longword when loaded into a register.

31 0
Longword

Figure 2.9 Longword Operand

2.2.2 DSP-Type Data Format

The SH7727 has several different data formats that depend on operations. 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 also shown for reference.

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

39 31 30 0
With guard bits |5 | | -28t0+28 - 2731
A
31 30 0
Without guard bits |S| | ~1to+1-2"%
'y
39 31 30 16 15 0
Multiplier input | |S| | ~1to+1-27%
A
DSP type integer
39 32 31 16 15 0
With guard bits |S| | | 2Bt +228 -1
A
31 16 15 0
Without guard bits |s| | 21510 +215 -1
A
Shift amount for 31 22 16 15 0
arithmetic shift (PSHA) | ls] | 3210 +32
A
Shift amount for 31 2116 15 0
logical shift (PSHL) | ls| | -1610+16
A
39 31 16 15 0
DSP type logical | |
CPU type integer
typ 9 31 0
Longword |S| 28110 +281 1
A
S: Sign bit A : Binary point l:l : Does not affect the operations

Figure 2.10 Data Format

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

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

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 15l 7 0 31 23¢ 15 7i0
AddressA —»| Byte0 | Bytel | Byte2 | Byte3 Byte3 | Byte2 | Bytel | Byte0 |«—AddressA+38
Address A + 4 — Word 0 Word 1 Word 1 Word 0 «— Address A + 4
Address A + 8 —p Longword Longword -«— Address A
Big-endian mode Little-endian mode

Figure 2.11 Byte, Word, and Longword Alignment

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

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

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

One Instruction per State: Pipelining is used, and basic instructions can be executed in one state.
At 160-MHz operation, one state is 6.25 ns.

Data Size: The basic data size for operations is longword. Byte, word, or longword can be
selected as the memory access size. Memory byte or word data is 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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Table 2.6 Word Data Sign Extension

SH7727 CPU Description Example of Other CPU
MOV.W  @(disp,PC),R1 Sign-extended to 32 bits, R1 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).

Load/Store Architecture: Basic operations are executed between registers. In operations
involving memory, data is first loaded into a register (load/store architecture). However, bit
manipulation 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
slot 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 slot 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.

Table 2.7 Delayed Branch Instructions

SH7727 CPU Description Example of Other CPU
BRA TRGET ADD is executed before branch to ADD.W R1,R0
ADD R1,RO TRGET. BRA  TRGET

Multiply/Multiply-and-Accumulate Operations: A 16 x 16 — 32 multiply operation is
executed in 1 to 3 states, and a 16 X 16 + 64 — 64 multiply-and-accumulate operation in 2 to 3
states. A 32 x 32 - 64 multiply operation and a 32 x 32 + 64 — 64 multiply-and-accumulate
operation are each executed in 2 to 5 states.

T Bit: The result of a comparison is indicated by the T bit in the status register (SR), and a
conditional branch is performed according to whether the result is True or False. Processing speed
has been improved by keeping the number of instructions that modify the T bit to a minimum.
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Table 2.8 T Bit

SH7727 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

BF TRGET1 if RO = R1, or to TRGET1 if RO < R1. BLT TRGET1

ADD #-1,R0
CMP/EQ #0,R0
BT TRGET

The T bit is not set by ADD.
If RO =0, the T bit is set.
A branch is made if RO = 0.

SUB.W #1,R0
BEQ TRGET

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 a table in memory. The table in
memory is referenced with an immediate data transfer instruction (MOV) using PC-relative
addressing mode with displacement.

Table 2.9

Type

Immediate Data Referencing

SH7727 CPU

Example of Other CPU

8-bit immediate

MoV #H'12,R0

MOV.B #H12,R0

16-bit immediate

MOV.W @(disp,PC),R0

.DATA.W H'1234

MOV.W #H'1234,R0

32-bit immediate

MOV.L  @(disp,PC),R0

.DATA.L H'12345678

MOV.L #H'12345678,R0

Note: Immediate data is referenced by @(disp,PC).
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Absolute Addresses: When data is referenced by absolute address, the absolute address value is
placed in a table in memory beforehand. Using the method whereby immediate data is loaded
when an instruction is executed, this value is transferred to a register and the data is referenced
using register indirect addressing mode.

Table 2.10 Absolute Address Referencing

Type SH7727 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 data is referenced with a 16- or 32-bit displacement, the
displacement value is placed in a table in memory beforehand. Using the method whereby
immediate data is loaded when an instruction is executed, this value is transferred to a register and
the data is referenced using indexed register indirect addressing mode.

Table 2.11 Displacement Referencing

Type SH7727 CPU Example of Other CPU

16-bit displacement  MOV.W  @(disp,PC),R0 MOV.W @(H'1234,R1),R2
MOV.W @(RO,R1),R2

.DATA.W H'1234
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2.4 Instruction Formats

241 CPU Instruction Addressing Modes

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

Table 2.12 Addressing Modes and Effective Addresses for 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
indirect with constant is added to Rn after instruction After instruction
post- execution: 1 for a byte operand, 2 for a word execution
increment operand, 4 for a longword operand.
Byte:
Rn+1 - Rn
Word:
Rn+2 - Rn
Longword:
Rn+4 - Rn
Register @-Rn Effective address is register Rn contents, Byte:
indirect with decremented by a constant beforehand: 1fora Rn—-1 - Rn
pre- byte operand, 2 for a word operand, 4 for a Word:
decrement longword operand. RN _'2 = Rn
Longword:
Rn-4 - Rn

Rn - 1/2/4

(Instruction
executed with Rn
after calculation)
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Addressing Instruction Calculation
Mode Format Effective Address Calculation Method Formula
Register @(disp:4, Rn) Effective address is register Rn contents with Byte:
indirect with 4-bit displacement disp added. After disp is Rn + disp
displacement zero-extended, it is multiplied by 1 (byte), 2 Word:
(word), or 4 (longword), according to the Rn + disp x 2
operand size.
Longword:
Rn + disp x 4
disp . Rn
(zero-extended) + disp x 1/2/4
Indexed @(RO, Rn) Effective address is sum of register Rnand RO Rn + RO
register contents.
indirect
©
GBR indirect @(disp:8, Effective address is register GBR contents with  Byte:
with GBR) 8-bit displacement disp added. After disp is GBR + disp
displacement zero-extended, it is multiplied by 1 (byte), 2 Word:
(word), or 4 (longword), according to the GBR + disp x 2
operand size.
Longword:
GBR + disp x 4

GBR
+ disp x 1/2/4

disp
(zero-extended)
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Addressing Instruction Calculation
Mode Format Effective Address Calculation Method Formula
Indexed GBR @(RO, GBR) Effective address is sum of register GBR and GBR + R0
indirect RO contents.
GBR + RO

PC-relative  @(disp:8, PC) Effective address is PC with 8-bit displacement  Word:
with disp added. After disp is zero-extended, it is PC + disp x 2
displacement multiplied by 2 (word) or 4 (longword), according Longword:

to the operand size. With a longword operand, PC&H'FFEFFFEC

the lower 2 bits of PC are masked. + disp x 4

disp
(zero-extended)

PC +disp x 2
or
PC&H'FFFFFFFC
+ disp x 4

*: With longword operand
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Addressing

Mode

Instruction
Format

Calculation
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
(sign-extended)

PC + disp x 2

Rn

Effective address is sum of PC and Rn. PC +Rn

()—>_Pcrrn |

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.

Rev. 5.00 Dec 12, 2005 page 47 of 1034
REJ09B0254-0500
RENESAS



Section 2 CPU

2.4.2 DSP Data Addressing

Two different memory accesses are made with DSP instructions. The two kinds of instructions are
X and Y data transfer 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 data transfer instructions is given in table 2.13.

Table 2.13 Overview of Data Transfer Instructions

X/Y Data Transfer Processing Single Data Transfer Processing

(MOVX.W, MOVY.W) (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: Nop/Inc (+2, +4)/index addition:
post-increment 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, A1 Ds: A0/A1, MO/M1, X0/X1, YO/Y1,
AOG, A1G

Destination register Dx: X0/X1, Dy: YO/Y1 Ds: A0/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
simultaneously using the MOVX.W and MOVY.W instructions. Two address pointers are
provided for DSP instructions to enable simultaneous access to X and Y data memory. Only
pointer addressing can be used with DSP instructions; immediate addressing is not available.
Address registers are divided into two, with register R4 or R5 functioning as the X memory
address register (Ax), and register R6 or R7 as the 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.
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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).

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).

There is an index register for each address pointer. The R8 register is the index register (Ix) for the
X memory address register (Ax), and the RO register is the index register (ly) for the Y memory
address register (Ay).

The X and Y data transfer instructions perform word-length processing, and use 16-bit access to
the X/Y data memory. A value of 2 is therefore 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 data transfer 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) is ignored. The result of
@AY+ or @Ay + ly is stored in the lower word of Ay, while the upper word retains its original
value.

| Reix R4[AX] RO[ly] R6[AY]
+2 (INC) ————— R5[AX] +2 (INC) ————— R7[AY]
+0 (no update) — +0 (no update) —
ALU AU
| | I

. AU: Adder provided
Note: Three address processing methods: for DSP 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.

Figure 2.12 X and Y Data Transfer Addressing
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Single Data Addressing: DSP instructions include two single data transfer instructions
(MOVS.W, MOVS.L) that load data into, or store data from, 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.

1. Non-update address register addressing:
The As register is an address pointer. It is not updated.
2. Addition index register addressing:

The As register is an address pointer. After a data transfer, the value of the Is register is added
to the As register (post-increment).

3. Increment address register addressing:

The As register is an address pointer. After a data transfer, the As register is incremented by 2
or 4 (post-increment).

4. Decrement address register addressing:

The As register 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 RS register is the 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[Is] R4[As]
-2/-4 (DEC)————— R5[As]
+2/+4 (INC)
+0 (no update) —

—
ALU VAB | o
' —» CAB
0

Note: Four address processing methods:
1. No update

2. Index register addition (Is) .

} Post-increment
3. Increment
4

. Decrement Pre-decrement

Figure 2.13 Single Data Transfer Addressing
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Modulo Addressing: Like other DSPs, the SH7727 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 is only 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 DMX
bit in the SR register, and for the Y address register by setting the DMY bit. Modulo addressing is
valid for either the X or the Y address register, only; it cannot be set for both at the same time.
Therefore, DMX and DMY cannot both be set simultaneously (if they are, the DMY setting will
be valid).

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 ModAddr, Rn; Rn=MbdEnd, ModStart

LDC Rn, MOD, ME=MbdEnd, MS=MbdSt art
ModAddr: . DATA. W nEnd; ModEnd

. DATA. W nStart; MbdSt ar t

ModSt art: . DATA

ModEnd: . DATA

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

The maximum modulo size is 64 kbytes. This is sufficient to access the X and Y data memory. A
block diagram of modulo addressing is shown in figure 2.14.
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Instruction (MOVX/MOVY)
31 1615 O DMX | DMY 31 1615 O

31 0 R4[AX] R6[AY] 31 0
[ R | R5[AX] CONT R7[AY] | ROyl
_ B - _
A — 15 1| L *0
— [ ms |
L MS |
ALU AU
CMP
[ aex | [LmMe | [ Ay ]
15 + 1 15 1 15 + 1
XAB YAB

Figure 2.14 Modulo Addressing
An example of modulo addressing is given below.

MS = H 7008; ME=H 700C, R4=H A5007008;
DW = 1; DW = 0: (Modulo addressing setting for address register Ax (R4, R5))

As a result of the above settings, the R4 register changes as follows.

R4: H A5007008
Inc. R4: H A500700A
I nc. R4: H A500700C
I nc. R4: 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. This is
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 0 is ignored. 0 must always be written to bit 0 of the address
pointer, index register, MS, and ME.
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DSP Addressing Operations: DSP addressing operations in the pipeline execution stage (EX),
including modulo addressing, are shown below.

if ( Operation is MOVX WMOVY.W) {
ABX=Ax; ABy=Ay,

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

/* Ax is one of R4, R5 */

if ( ==0 || ==1 && DMWY == 1 )} Ax=Ax+(+2 or R8[Ix] or +0);
/* Inc, | ndex, Not - Update */

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

/* Ay is one of R6,R7 */
if ( DMY==0 ) Ay=Ay+(+2 or RO[ly] or +0); /* Inc,|ndex, Not-Update */
else if (! not-update) Ay=nodul o( Ay, (+2 or RO[Ily]) ):
}
else if ( Operation is MOWS.Wor MOWS.L ) {
if ( Addressing is Nop, Inc, Add-index-reg ) {
MAB=ASs;

/* menory access cycle uses MAB. The address to be used has not
been updated */

/* As is one of R2 to R5 */

As=As+(+2 or +4 or R8[Is] or +0); /* Inc,I|ndex, Not-Update */
else { /* Decrement, Pre-update */

/* As is one of R2 to R5 */

As=As+(-2 or -4);

MAB=ASs;

/* menmory access cycle uses MAB. The address to be used has been
updated */

}
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/* The value to be added to the address register depends on addressing
oper ati ons.

For exanple, (+2 or R8[Ix] or +0) means that

+2 : if operation is increnent
R8[1x] : if operation is add-index-reg
+0 : if operation is not-update

*/

function nodul o ( AddrReg, Index ) {
if ( AdrReg[15:0]==ME ) AdrReg[ 15: 0] ==M5;
el se Adr Reg=Adr Reg+l ndex;
return AddrReg;

243 CPU Instruction Formats

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.

xxxXx:  Instruction code
mmmm: Source register
nnnn: Destination register
iiii: Immediate data

dddd:  Displacement
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Table 2.14 CPU Instruction Formats

Source Destination

Instruction Format Operand Operand Sample Instruction

0 type — — NOP

15 0

| XXXX  XXXX XXXX  XXXX |

n type — nnnn: register MOVT Rn

15 0 direct

| xxxx| nnnn | XXXX  XXXX | Control register or nnnn: register STS MACH,Rn
system register direct
Control register or nnnn: pre- STC.L SR,@-Rn
system register decrement register

indirect

m type nmrm register Control register or LDC Rm,SR

15 o direct system register

| XXXX |mmmm| XXXX  XXXX nmmmm post- Control registeror 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 0

nmmm register
direct

nnnn: register ADD Rm,Rn

direct

| XXXX | nnnn |mmmm| XXXX |

nmmm register
indirect

nnnn: register
indirect

MOV.L Rm,@Rn

nmmm post-

increment register
indirect (multiply-
and-accumulate

operation)
nnnn: * post-

increment register
indirect (multiply-
and-accumulate

MACH, MACL MAC.W @Rm+,@Rn+

operation)
nmmm post- nnnn: register MOV.L @Rm+,Rn
increment direct
register indirect
nmmm register nnnn: pre- MOV.L Rm,@-Rn
direct decrement register

indirect

nmmm register
direct

nnnn: indexed
register indirect

MOV.L Rm,@(RO,Rn)

md type

15 0
| XXXX  XXXX |mmmm| dddd |

mmmdddd:
register indirect

with displacement

RO (register direct) MOV.B @(disp,Rm),R0

nd4 type

15 0
| XXXX  XXXX | nnnn | dddd |

RO (register
direct)

nnnndddd:
register indirect
with displacement

MOV.B RO,@(disp,Rn)

nmd type

15
| XXXX | nnnn|mmmm| dddd |

nmmm register
direct

nnnndddd:
register indirect
with displacement

MOV.L Rm,@(disp,Rn)

mmmdddd:
register indirect

with displacement

nnnn: register
direct

MOV.L @(disp,Rm),Rn
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Source Destination
Instruction Format Operand Operand Sample Instruction
d type dddddddd: RO (register direct) MOV.L @@(disp,GBR),R0
15 0 GBR indirect with

XXXX  xXxX | dddd dddd

displacement

RO (register

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

direct) indirect with
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)

| x| dddd  dddd  dddd |

nd8 type dddddddd: nnnn: register MOV.L @(disp,PC),Rn

15 0 PC-relative with  direct

[0 [ nnnn [ dddd daad | disPlacement

i type piiiiiii: Indexed GBR AND.B #imm,@(R0,GBR)

15 o Iimmediate indirect

| XXXX  XXXX | Piii i | Piiiiiii: RO (register direct) AND  #imm,R0
immediate
piiiiiii: — TRAPA #mm
immediate

ni type piiiiiiis: nnnn: register ADD  #imm,Rn

15 o immediate direct

| XXXX | nnnn | P i

Note: * In multiply-and-accumulate instructions, nnnn is the source register.
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244 DSP Instruction Formats

The SH7727 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. Parallel processing instructions processed by the DSP unit (32-bit length)

The instruction formats are shown in figure 2.15.

15 0
0000
CPU core instructions :
1110
15 109 0
Double data transfer A field
instructions 111100 1e
15 10 9 0
Single data transfer )
instructions 111101 A field
31 26 25 16 15 0
Parallel processing ) )
instructions 111110 A field B field

Figure 2.15 DSP Instruction Formats
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Double and Single Data Transfer Instructions: The format of double data transfer instructions

is shown in table 2.15, and that of single data transfer instructions in table 2.16.

Table 2.15 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

111 1 0 O

Ax

O‘O (3}

= A O a2 OO W
O A, 0O O

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

_ A O = a2 O] O
_ O a2 O -~ 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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Table 2.16 Single Data Transfer Instruction Formats

Type Mnemonic 15\14\13\12\11\10 9‘8 7\6\5\4 3\2
Single  [MOVSW@-AsDs |1 1 1 1 0 1| As | Ds 0:(*) 0 0
data MOVS.W @As,Ds 0:R4 1:(*) 0o 1
transfer |[MOVS.W @As+,Ds 1:R5 2:(*) 1 0

MOVS.W @As+ls,Ds 2:R2 3:(%) 1 1
MOVS.W Ds,@-As 3:R3 4:(*) 0 o
MOVS.W Ds,@As 5:A1 0 1
MOVS.W Ds,@As+ 6:(*) 10
MOVS.W Ds,@As+Is 7:A0 17 1
MOVS.L @-As,Ds 8:X0 0 0
MOVS.L @As,Ds 9:X1 0 1
MOVS.L @As+,Ds A:YO 1 0
MOVS.L @As+Is,Ds B:Y1 1 1
MOVS.L Ds,@-As C:M0 0 0
MOVS.L Ds,@As D:A1G 0 1
MOVS.L Ds,@As+ E:M1 1 0
MOVS.L Ds,@As+ls F:A0G 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 bits long and allow four
simultaneous processes, an ALU operation, multiplication, and two data transfers.

Parallel processing instructions are divided into an A field and a B 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 instructions in table 2.18.
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2.5 Instruction Set

2.5.1 CPU Instruction Set

The SH-1/SH-2/SH-3 compatible 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.
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Table 2.19 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
gperatign ADDC Binary addition with carry
instructions
ADDV Binary addition with overflow check
CMP/cond Comparison
DIV1 Division
DIV0OS 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)
MULS Signed multiplication (16 x 16 bits)
MULU Unsigned multiplication (16 x 16 bits)
NEG Sign inversion
NEGC Sign inversion with borrow
SUB Binary subtraction
SUBC Binary subtraction with carry
SUBV Binary subtraction with underflow
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Kinds of Number of

Type Instruction Op Code Function Instructions
Logic 6 AND Logical AND 14
operation 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
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
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Kinds of Number of

Type Instruction Op Code Function Instructions
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: 68 189
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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.

Execution
Instruction Instruction Code Operation Privilege States T Bit
Indicated by mnemonic. Indicated in MSB - Indicates summary of Indicates a  Value Value of T
LSB order. operation. privileged whenno  bit after
instruction.  wait instruction
states are is executed.
. . . inserted.™" .
Explanation of Symbols Explanation of Symbols Explanation of Symbols Explanation
of Symbols
OP.Sz SRC, DEST mmmm: Source register -, «: Transfer direction Y
OP:  Operation code L . —: No
. ) nnnn: Destination register  (xx): Memory operand
Sz: Size 0000: RO change
SRC:  Source 0001: R1 M/Q/T: Flag bits in the SR

DEST: Destination
""""" &: Logical AND of each bit

Rm: Source register 1111: R15 . .

|: Logical OR of each bit
Rn:  Destination register iiii: Immediate data

A Exclusive logical OR of
imm: Immediate data dddd: Displacement*Z each bit
disp: Displacement ~: Logical NOT of each bit

<<n: n-bit left shift

>>n: n-bit right shift

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
Table 2.20 Data Transfer Instructions
Privileged
Instruction Operation Code Mode Cycles T Bit
MoV #i mm Rn imm - Sign extension 1110nnnniiiiiiii — 1 —
- Rn
MV. W @disp, PC),Rn (disp x2+ PC) - Sign 1001nnnndddddddd  — 1 —
extension - Rn
MOV.L @disp,PO,Rn (dispx4+PC) - Rn 1101nnnndddddddd — 1 —
MoV Rm Rn Rm - Rn 0110nnnnmMmmmD011  — 1 —
MOV. B Rm @n Rm - (Rn) 0010nnnnmMmmmMO000 — 1 —
MOV. W  Rm @n Rm - (Rn) 0010nnnnmmmD001  — 1 —
MOV.L Rm @n Rm - (Rn) 0010nnnnmmmD010 — 1 —
MV.B @Rm Rn (Rm) — Sign extension 0110nnnnmm®O000  — 1 —
- Rn
MOV. W  @m Rn (Rm) - Sign extension 0110nnnnmmmO001  — 1 —
- Rn
MV.L @Rm Rn (Rm) - Rn 0110nnnnmmm®D010 — 1 —
MOV. B  Rm @Rn Rn-1 - Rn,Rm - (Rn)  0010nnnnnmm©0100 — 1 —
MOV. W Rm @Rn Rn-2 -~ Rn, Rm - (Rn) 0010nnnnmm®O101 — 1 —
MOV.L Rm @Rn Rn-4 - Rn,Rm - (Rn) 0010nnnnnmm©0110 — 1 —
MOV. B @mt, Rn (Rm) — Sign extension 0110nnnnmm®©D100 — 1 —
- Rn,Rm+1 - Rm
MOV. W @mt+, Rn (Rm) - Sign extension 0110nnnnmmm0101  — 1 —
- Rn,Rm+2 - Rm
MOV.L  @m+, Rn (Rm) -~ Rn,Rm+4 - Rm 0110nnnnmmm0110 — 1 —
MOV. B RO, @di sp, Rn) RO - (disp + Rn) 10000000nnnndddd  — 1 —
MOV. W RO, @di sp, Rn) RO - (disp x2 + Rn) 10000001nnnndddd  — 1 —
MOV.L Rm @di sp, Rn) Rm - (disp x4 + Rn) 0001lnnnnmmmmdddd — 1 —
MOV.B  @disp,Rm,R0 (disp + Rm) - Sign 10000100mmmdddd — 1 —
extension - RO
MOV. W @disp, RmM,R0 (disp x2+Rm) - Sign 10000101mmmdddd — 1 —
extension - RO
MOV.L @disp,RmM,Rn (disp x4 +Rm) - Rn 0101nnnnmmmdddd — 1 —
MV.B Rm @RO, Rn) Rm - (RO + Rn) 0000OnnnnmMmmM®D100 — 1 —
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Privileged

Instruction Operation Code Mode Cycles T Bit

MV. W Rm @ RO, Rn) Rm - (RO + Rn) 000OnnnnmMmmM®D101 — 1 —

MV.L Rm @RO, Rn) Rm - (RO + Rn) 000OnnnnmMmmM®D110 — 1 —

MOV.B @RO,Rm, Rn (RO + Rm) - Sign 0000nnNNMMMM1100 — 1 —
extension - Rn

MOV. W @RO, Rm, Rn (RO + Rm) - Sign 0000nnnnMMMM1101  — 1 —
extension —» Rn

MOV.L @RO,RM, Rn (RO +Rm) - Rn 0000nnnnmMmMML110 — 1 —

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

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

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

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

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

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

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

MOVT Rn T - Rn 0000nnnn00101001 — 1 —

SWAP. B Rm Rn Rm - Swap the bottom 0110nnnnmMmmmi1000 — 1 —
two bytes - REG

SWAP. W Rm Rn Rm - Swap two 0110nnnnmmi1001 — 1 —
consecutive words — Rn

XTRCT Rm Rn Rm: Middle 32 bits of 0010nnnnmmm1101  — 1 —

Rn - Rn
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Arithmetic Operation Instructions

Table 2.21 Arithmetic Operation Instructions
Privileged
Instruction Operation Code Mode Cycles T Bit
ADD Rm Rn Rn+Rm - Rn 001lnnnnmmi100 — 1 —
ADD #i mm Rn Rn +imm - Rn Olllnnnniiiiiiii — 1 —
ADDC Rm Rn Rn+Rm+ T - Rn, 0011nnnnmmmmil110 — 1 Carry
Carry - T
ADDV Rm Rn Rn + Rm - Rn, 0011lnnnnmmmillll — 1 Overflow
Overflow - T
CVWP/ EQ #imm RO IfRO=imm,1 - T 10001000iiiiiiii — 1 Comparison
result
CWP/ EQ RmRn IfRN=Rm,1 - T 0011nnnnmm®©D000 — 1 Comparison
result
CW/ HS RmRn If Rn = Rm with 001lnnnnmm®D010 — 1 Comparison
unsigned data, 1 - T result
CW/ GE RmRn If Rn = Rm with signed ~ 0011nnnnmmmm0011  — 1 Comparison
data,1 - T result
CW/ H RmRn If Rn > Rm with 001lnnnnmm®O110 — 1 Comparison
unsigned data, 1 - T result
CW/ GI' Rm Rn If Rn > Rm with signed ~ 0011nnnnmmm0111 — 1 Comparison
data,1 - T result
CWP/PZ Rn IfRn=0,1-T 0100nnnn00010001 — 1 Comparison
result
CW/PL Rn IfRn>0,1-T 0100nnnn00010101 — 1 Comparison
result
CWP/ STR Rm Rn If Rn and Rm have an 0010nnnnmmm1100 — 1 Comparison
equivalent byte, 1 - T result
D v1 Rm Rn Single-step division 001lnnnnmm®D100 — 1 Calculation
(Rn/Rm) result
DIVOS RmRn MSB of Rn -~ Q, MSB 0010nnnnmmm®D111 — 1 Calculation
ofRm - M,M*Q - T result
Dl VOU 0 - MQT 0000000000011001 — 1 0
DMULS. LRm Rn Signed operation of 001lnnnnmmil101 — 2 —
Rn x Rm - MACH, (to 5)*

MACL 32 x 32 — 64 bits
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Instruction

Operation

Code

Privileged
Mode

Cycles

T Bit

DMULU. LRm Rn

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

0011nnnnmmm0101

2
(to 5)*'

DT Rn

Rn—-1 - Rn,ifRn =
0,1-T,else0 - T

0100nnnn00010000

Comparison
result

EXTS. B Rm Rn

A byte in Rm is sign-
extended - Rn

0110nnnnmmmi110

EXTS. W Rm Rn

A word in Rm is sign-
extended - Rn

0110nnnnmmmi111

EXTU.B Rm Rn

A byte in Rm is zero-
extended - Rn

0110nnnnmMmmmil100

EXTU. W Rm Rn

A word in Rm is zero-
extended - Rn

0110nnnnmmmi101

MAC. L @m+, @GR+

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

Rm +4 - Rm,

32 x 32 + 64 - 64 bits

0000NnNnnMMMM111

2
(to 5)*'

MAC. W  @mt+, @rn+

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

Rm+2 - Rm,

16 x 16 + 64 — 64 bits

0100nnnnmmm1111

(to 5)*'

MUL.L RmRn

Rn xRm - MACL,
32 x 32 - 32 bits

0000nNNNMmMMO0111

2
(to 5)*'

MJLS. W Rm Rn

Signed operation of Rn
xRm - MACL,
16 x 16 - 32 bits

0010nnnnmmmml111

1
(to 3)*?

MJLU. W Rm Rn

Unsigned operation of
Rn x Rm - MACL,
16 x 16 - 32 bits

0010nnnnMmmm1110

1
(to 3)*?

NEG Rm Rn

0-Rm - Rn

0110nnnnmmmi011

NEGC Rm Rn

0-Rm-T - Rn,
Borrow —» T

0110nnnnmMmmmi010

Borrow

SUB Rm Rn

Rn-Rm - Rn

0011nnnnmmmi000

SUBC RmRn

Rn—-Rm-T - Rn,
Borrow - T

0011nnnnmmmmi010

Borrow

SUBV Rm Rn

Rn-Rm - Rn,
Underflow - T

0011nnnnmmmmil0l11

Underflow
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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.

Logic Operation Instructions

Table 2.22 Logic Operation Instructions

Privileged
Instruction Operation Code Mode Cycles T Bit
AND Rm Rn Rn & Rm - Rn 0010nnnnmmmi001 — 1 —
AND  #i mm RO RO & imm - RO 1100100%iiiiiiii — 1 —
AND. B #i nm @ RO, GBR) (RO + GBR) & imm - 1100110%iiiiiiii — 3 —
(RO + GBR)
NOT Rm Rn ~Rm - Rn 0110nnnnnmMmm®0111 — 1 —
R Rm Rn Rn|Rm - Rn 0010nnnnmmmi011 — 1 —
R #i mm RO RO | imm - RO 1100101%iiiiiiii — 1 —
OR B #imm @RO, GBR) (RO + GBR) | imm - 11002111%iiiiiiii — 3 —
(RO + GBR)
TAS. B @n* If(Rn)is 0,1 - T; 0100nnnn00011011 — 4 Test
1 — MSB of (Rn) result
TST Rm Rn Rn & Rm; if the result 0010nnnnmmmi000 — 1 Test
is0,1-T result
TST #i mMm RO RO & imm; if the result 11001000iiiiiiii — 1 Test
is0,1-T result
TST. B #i mm @ RO, GBR) (RO + GBR) & imm; 11001100iiiiiiii — 3 Test
iftheresultis0,1 - T result
XOR Rm Rn Rn”*Rm - Rn 0010nnnnmmmi010 — 1 —
XOR  #imMm RO RO A imm - RO 11001010iiiiiiii — 1 —
XOR B #i nm @ RO, GBR) (RO + GBR) A imm - 11001110iiiiiiii — 3 —
(RO + GBR)

Note: *

cycle and write cycle. Also, bus release is not performed by BREQ.

An on-chip DMAC bus cycle is not inserted between a TAS instruction operand read
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Shift Instructions

Table 2.23 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-RnT 0100nnnn00100100 — 1 MSB
ROTCR Rn T-Rn-T 0100nnnn00100101 —_ 1 LSB
SHAD Rm Rn Rn=0: Rn <<Rm - Rn 0100nnnnmMMML100 — 1 —

Rn<0:Rn>>Rm -

[MSB - Rn]
SHAL Rn T-Rn<0 0100nnnn00100000 —_ 1 MSB
SHAR Rn MSB -~ Rn - T 0100nnnn00100001  — 1 LSB
SHLD Rm Rn Rn=0: Rn <<Rm - Rn 0100nnnnmMMM101 — 1 —

Rn <0:Rn>>Rm -

[0 - Rn]
SHLL Rn T-Rn-0 0100nnnn00000000  — 1 MSB
SHLR Rn 0-Rn-T 0100nnnn00000001 —_ 1 LSB
SHLL2 Rn Rn<<2 - Rn 0100nnnn00001000 — 1 —
SHLR2 Rn Rn>>2 5 Rn 0100nnnn00001001 — 1 —
SHLL8 Rn Rn<<8 - Rn 0100nnnn00011000 — 1 —
SHLR8 Rn Rn>>8 - Rn 0100nnnn00011001 —_ 1 —
SHLL16 Rn Rn<<16 - Rn 0100nnnn00101000 — 1 —
SHLR16 Rn Rn>>16 - Rn 0100nnnn00101001 —_ 1 —_
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Branch Instructions

Table 2.24 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 x 2 + PC - PC;
if T=1, nop

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

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

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

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

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

BSRF Rm Delayed branch, PC - PR, 0000MmMmMD0000011 — 2 —
Rm +PC - PC

JWP @m Delayed branch, Rm - PC 0100nMmmD0101011 — 2 —

JSR @Rm Delayed branch, PC - PR, 0100mmMmMD0001011 — 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

Table 2.25 System Control Instructions

Privileged
Instruction Operation Code Mode Cycles T Bit
CLRVAC 0 - MACH, MACL 0000000000101000 — 1 —
CLRS 0-3S 0000000001001000 — 1 —
CLRT 0-T 0000000000001000 — 1 0
LDC Rm SR Rm - SR 0100mmmMD0001110 V 5 LSB
LDC Rm GBR Rm - GBR 0100mmMmMD0011110 — 3 —_
LDC Rm VBR Rm - VBR 0100mmmM00101110 V 3 —
LDC Rm SSR Rm - SSR 0100mmm00111110 V 3 —_
LDC Rm SPC Rm - SPC 0100mmmM01001110 V 3 —
LDC Rm RO_BANK Rm - RO_BANK 0100mMmmmML0001110 V 3 —_
LDC Rm R1_BANK Rm - R1_BANK 0100mmml0011110 V 3 —
LDC Rm R2_BANK Rm - R2_BANK 0100mmmMl0101110 V 3 —_
LDC Rm R3_BANK Rm - R3_BANK 0100mmml0111110 V 3 —
LDC Rm R4_BANK Rm - R4_BANK 0100mmmMl1001110 V 3 —_
LDC Rm R5_BANK Rm - R5_BANK 0100mmml1011110 V 3 —
LDC Rm R6_BANK Rm - R6_BANK 0100mmml1101110 V 3 —_
LDC Rm R7_BANK Rm - R7_BANK 0100mmml1111110 V 3 —
LDC. L @mt, SR (Rm) -~ SR,Rm+4 - Rm 0100mMmmmMD0000111  V 7 LSB
LDC. L @m+, GBBR (Rm) - GBR,Rm +4 - Rm 0100mmMmMD0010111 — 5 —_
LDC. L @ mt+, VBR (Rm) -~ VBR,Rm+4 - Rm 0100mmmM00100111  V 5 —
LDC. L @mt, SSR (Rm) - SSR,Rm +4 _. Rm 0100mmmD0110111 v 5 —
LDC. L @rmt+, SPC (Rm) - SPC,Rm+4 - Rm 0100mmmM01000111  V 5 —
LDC. L @Rmt, (Rm) -~ RO_BANK, 0100MmmmM 0000111 v 5 —
RO_BANK Rm +4 - Rm
LDC. L @rmt+, (Rm) - R1_BANK, 0100mmml 0010111  V 5 —
R1_BANK Rm +4 - Rm
LDC. L @rmt+, (Rm) - R2_BANK, 0100mmmMl 0100111  V 5 —
R2_BANK Rm+4 - Rm
LDC. L @Rm+, (Rm) - R3_BANK, 0100mmmM 0110111 Vv 5 —
R3_BANK Rm +4 - Rm
LDC. L @rmt+, (Rm) - R4_BANK, 0100mmml 1000111  V 5 —
R4_BANK Rm+4 - Rm
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Privileged

Instruction Operation Code Mode Cycles T Bit
LDC. L @Rm+, (Rm) -~ R5_BANK, 0100mmmM 1010111 Vv 5 —

R5_BANK Rm +4 - Rm
LDC. L @rmt, (Rm) - R6_BANK, 0100mmml 1100111  V 5 —

R6_BANK Rm+4 - Rm
LDC. L @Rm+, (Rm) — R7_BANK, 0100mmml1110111 5 —

R7_BANK Rm +4 - Rm
LDS Rm MACH Rm - MACH 0100nmmMmMD0001010 — 1 —
LDS Rm MACL Rm - MACL 0100mmmD0011010 — 1 —_
LDS Rm PR Rm - PR 0100nMmmMmMD0101010 — 1 —
LDS. L @m+, MACH (Rm) -~ MACH,Rm+4 -~ Rm 0100nmmm©00000110 — 1 —_
LDS. L @m+, MACL (Rm) - MACL,Rm+4 -~ Rm 0100mmm©D0010110 — 1 —
LDS. L @mt, PR (Rm) - PR,Rm+4 - Rm 0100mmMmMD0100110 — 1 —
LDTLB PTEH/PTEL - TLB 0000000000111000 V 1 —
NOP No operation 0000000000001001 — 1 —
PREF @ m (Rm) - cache 0000NMMML0000011 — 2 —
RTE Delayed branch, 0000000000101011  V 4 —

SSR/SPC - SR/PC

SETS 1-8 0000000001011000 — 1 —
SETT 1-T 0000000000011000 — 1 1
SLEEP Sleep 0000000000011011  V 4% —
STC SR, Rn SR - Rn 0000nNNN00000010  V 1 —
STC GBR, Rn GBR - Rn 0000nnnn00010010 — 1 —
STC VBR, Rn VBR - Rn 0000nNNN00100010  V 1 —
STC SSR, Rn SSR - Rn 0000nNNN00110010 V 1 —
STC SPC, Rn SPC - Rn 0000nNNN01000010  V 1 —
STC RO_BANK, R RO_BANK- Rn 0000nNNN10000010 V 1 —
STC R1_BANK, Rn R1_BANK- Rn 0000nnNN10010010 V 1 —
STC R2_BANK, Rn R2_BANK- Rn 0000nNNN10100010 V 1 —
STC R3_BANK, Rn R3_BANK- Rn 0000nnNN10110010 V 1 —
STC R4_BANK, Rn R4_BANK- Rn 0000nNNN11000010 V 1 —
STC R5_BANK, Rn R5_BANK- Rn 0000nnNN11010010 vV 1 —
STC R6_BANK, Rn R6_BANK- Rn 0000nNNN11100010 V 1 —
STC R7_BANK, Rn  R7_BANK- Rn 0000nnNN11110010 V 1 —
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Privileged

Instruction Operation Code Mode Cycles T Bit

STC.L SR @Rn Rn—4 - Rn, SR - (Rn) 0100nnnNn00000011  V 2 —

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

STC. L VBR @Rn Rn—4 - Rn, VBR - (Rn) 0100nnNnNn00100011 v 2 —

STC. L SSR, @Rn Rn—4 - Rn, SSR - (Rn) 0100nnnn00110011 vV 2 —

STC. L SPC, @Rn Rn—4 - Rn, SPC - (Rn) 0100nnnNn01000011 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 0000nnNnN00011010 — 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 5 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

2.6.1 Introduction
The newly added instructions are classified into the following three groups:

1. Additional system control instructions for the CPU unit
2. DSP unit memory-register single and double data transfer
3. DSP unit parallel processing

Group 1 instructions are provided to support loop control and data transfer between CPU core
registers or memory and new control registers added to the CPU core. DSP operations employ a
multi-level nested-loop structure. With a single-level loop, use of the decrement and test, DTRn,
and conditional delayed branch BF/S instructions supported by the SH-3 is adequate. However,
with nested loops, DSP performance can be improved by means of a zero-overhead loop control
function.

The RS, RE, and MOD registers have been added to support loop control and modulo addressing
functions. Instructions are supported for data transfer between these new control registers and
general registers or memory. In addition, the LDRS and LDRE address calculation registers have
been added to reduce the code size for the initial settings for zero-overhead loop control.

An independent control register, DSR, is provided for the DSP engine. This register is treated as a
system register such as MACL and MACH. The A0, X0, X1, YO0, and Y1 registers are treated as
system registers from the CPU side, and LDS/STS instructions are supported for the same
purpose. Table 2.26 shows the instruction code map for the new system control instructions for the
CPU core.

Group 2 instructions are provided to reduce DSP operation program code size. Data transfer
instructions that perform no data processing are frequently executed by the DSP engine. In this
case, a 32-bit instruction code is unnecessarily long, and wastes space in the program memory
area. All instructions in this class have a 16-bit code length, the same as conventional SH core
instructions. Single data transfer instructions have greater flexibility in terms of operands than the
double data transfer instruction or parallel instruction class.

Group 3 instructions are provided for fast execution of digital signal processing operations using
the DSP unit. These instructions have a 32-bit instruction code, so that a maximum of four
instructions—an ALU operation, multiplication, and two data transfer instructions—can be
executed in parallel.
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2.6.2 Added CPU System Control Instructions

The new instructions in 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. New
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 type instructions have been provided for
these registers.

The DSP engine’s DSR, A0, X0, X1, Y0, and Y1 registers are treated as system registers such as
MACH and MACL, and therefore STS and 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 a zero-overhead loop control function. SETRC type
instructions are provided to set the repeat count in the RC field in SR[27:16]. When an immediate
operand type SETRC instruction is executed, the 8-bit immediate operand data is set in SR[23:16],
and 0 is set in the remaining bits, SR[27:24]. When a register operand type SETRC instruction is
executed, Rn[11:0] is set 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
type instruction, or by using the LDRS and LDRE instructions.
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Table 2.26 Added CPU System Control Instructions
Execu-
tion

Instruction Instruction Code Operation States T Bit
SETRC #i mm 10000010iiiiiiii imm - RC (of SR) 3 —
SETRC Rn 0100nnnn00010100 Rn[11:0] - R C (of SR) 3 —
LDRS @disp, PC) 10001100dddddddd (disp x2+ PC) - RS 3 —
LDRE @disp, PC) 10001110dddddddd (disp x2+ PC) - RE 3 —
STC MOD, Rn 0000nnnn01010010 MOD - Rn 1 —
STC RS, Rn 0000nnNnNn01100010 RS - Rn 1 —
STC RE, Rn 0000nnnn01110010 RE - Rn 1 —
STS DSR, Rn 0000nnNnNn01101010 DSR - Rn 1 —
STS A0, Rn 0000nnnn01111010 A0 - Rn 1 —
STS X0, Rn 0000nnNnNn10001010 X0 - Rn 1 —
STS X1, Rn 0000nnnn10011010 X1 - Rn 1 —
STS Y0, Rn 0000nnNnNn10101010 YO - Rn 1 —
STS Y1, Rn 0000nnNnNn10111010 Y1 - Rn 1 —
STS.L DSR, @ Rn 0100nnnn01100010 Rn-4 - Rn,DSR - (Rn) 1 —
STS.L A0, @Rn 0100nnnNn01110010 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 0100nnnn10100010 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 @+, DSR 0100nnnn01100110 (Rn) - DSR,Rn+4 - Rn 1 —
LDS. L @rn+, AO 0100nnnn01110110 (Rn) - A0,Rn+4 -~ Rn 1 —
LDS. L @rn+, X0 0100nnnn10000110 (Rn) - X0, Rn+4 - Rn 1 —
LDS. L @rn+, X1 0100nnnn10010110 (Rn) - X1,Rn+4 -~ Rn 1 —
LDS.L @rn+, YO 0100nnnn10100110 (Rn) - YO,Rn+4 - Rn 1 —
LDS. L @rn+, Y1 0100nnnn10110110 (Rn) - Y1,Rn+4 -~ Rn 1 —
LDC. L @rn+, MOD 0100nnnn01010111 (Rn) -~ MOD,Rn+4 - Rn 5 —
LDC.L @i+, RS 0100nnnn01100111 (Rn) - RS,Rn+4 - Rn 5 —
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Execu-

tion
Instruction Instruction Code Operation States T Bit
LDC. L @rn+, RE 0100nnnn01110111 (Rn) - RE,Rn+4 - Rn 5 —
LDS Rn, DSR 0100nnnn01101010 Rn - DSR 1 —
LDS Rn, AO 0100nnnn01111010 Rn - A0 1 —
LDS Rn, X0 0100nnnn10001010 Rn - X0 1 —
LDS Rn, X1 0100nnnn10011010 Rn - X1 1 —
LDS Rn, YO 0100nnnn10101010 Rn - YO 1 —
LDS Rn, Y1 0100nnnn10111010 Rn - Y1 1 —
LDC Rn, MOD 0100nnnn01011110 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 Instructions

The new instructions in this class are provided to reduce the program code size for DSP
operations. All the new instructions in 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 parallel 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 other pointers 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
parallel. 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 =2 to 7) registers are normally used as the Ax, Ay, and As pointers. The pointer names
themselves 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:Ayl, R8:Ix, R9:1y
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Table 2.27 Double Data Transfer Instructions
Execu-
tion
Instruction Instruction Code Operation States DC
X memory  NOPX 1111000*0*0*00** X memory no access 1 —
data transfer v W @w, Dx 111100A*D*0*01** (AX) — MSW of Dx, 1 —
0 - LSW of Dx
MOVX. W @A+, Dx 111100A*D*0*10** (Ax) - MSW of Dx, 1 —
0 - LSW of Dx,
Ax + 2 5 Ax
MOVX. W @x+l 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 - (Ax), 1 —
Ax + 2 5 AX
MOVX. W Da, @A+l x 111100A*D*1*11** MSW of Da - (Ax), 1 —
AX + IX - Ax
Y memory  NOPY 111100*0*0*0**00 Y memory no access 1 —
data transfer vy w @y, 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 o Ay
MOVY. W Da, @y+ly 111100*A*D*1**11 MSW of Da - (Ay), 1 —
Ay +ly - Ay
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Table 2.28 Single Data Transfer Instructions

Execu-
tion
Instruction Instruction Code Operation States DC
MOVS. W @ As, Ds 111101AADDDDO000 As-—2 - As, (As) - 1 —
MSW of Ds, 0 — LSW of Ds
MOVS. W @As, 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 @As+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, @As* 111101AADDDD0101 MSW of Ds - (As) 1 —
MOVS. W Ds, @\s+* 111101AADDDD1001 MSW of Ds - (As), 1 —
As+2 - As
MOVS. W Ds, @\s+l x* 111101AADDDD1101 MSW of Ds - (As), 1 —
As +Ix - As
MOVS. L @ As, Ds 111101AADDDD0010 As-—4 - As, (As) - Ds 1 —
MOVS. L @As, Ds 111101AADDDD0110 (As) - Ds 1 —
MOVS. L @As+, Ds 111101AADDDD1010 (As) » Ds,As+4 - As 1 —
MOVS. L @As+l x,Ds  111101AADDDD1110 (As) — Ds,As +Ix - As 1 —
MOVS. L Ds, @ As 111101AADDDD0O011 As-—4 - As,Ds - (As) 1 —
MOVS. L Ds, @s 111101AADDDD0111 Ds - (As) 1 —
MOVS. L Ds, @As+ 111101AADDDD1011 Ds - (As),As+4 - As 1 —
MOVS. L Ds, @ds+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 LDBJ[7:0] 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 registers is shown in table 2.29.
CPU core registers are used as a pointer address that indicates a memory address.

Table 2.29 Correspondence between DSP Data Transfer Operands and Registers

Register Ax Ix Dx Ay ly Dy Da As Ds
CPU RO
register R1
R2 (As2) Yes
R3 (As3) Yes
R4 (Ax0) Yes Yes
R5 (Ax1) Yes Yes
R6 (Ay0) Yes
R7 (Ay1) Yes
R8 (Ix) Yes
R9 (ly) Yes
DSP A0 Yes Yes
register |4 Yes Yes
MO Yes
M1 Yes
X0 Yes Yes
X1 Yes Yes
YO0 Yes Yes
Y1 Yes Yes
AOG Yes
A1G Yes

2.6.4 DSP Operation Instruction Set

DSP operation instructions are instructions for digital signal processing performed by the DSP
unit. These instructions have a 32-bit instruction code, and multiple instructions can be executed
in parallel. The instruction code is divided into an A field and B field; a parallel 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
parallel data transfer instruction specified in the A field is exactly the same as a double data
transfer instruction. The function of the A field—that is, the data transfer instruction field—is
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basically the same as in the double data transfer instructions described in section 2.6.3, Single and
Double Data Transfer for DSP Data Instructions, but has a special function in 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 registers is shown in table 2.31.

Table 2.30 DSP Operation Instruction Formats

Type Instruction Formats
Double data operation instructions ALUop. Sx, Sy, Du
M.Top. Se, Df, Dg
Conditional single data operation ALUop. Sx, Sy, Dz
instructions DCT  ALUop. Sx, Sy, Dz
DCF ALUop. Sx, Sy, Dz
ALUop. Sx, Dz
DCT ALUop. Sx, Dz
DCF ALUop. Sx, Dz
ALUop. Sy, Dz
DCT ALUop. Sy, Dz
DCF ALUop. Sy, Dz
Unconditional single data operation ALUop. Sx, Sy, Dz
instructions ALUop. Sx, Dz
ALUop. Sy, Dz
M.Top. Se, Sf, Dg
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Table 2.31 Correspondence between DSP Instruction Operands and Registers

ALU/BPU Operations Multiply Operations

Register Sx Sy Dz Du Se Sf Dg

AO Yes Yes Yes Yes

A1 Yes Yes Yes Yes Yes Yes

MO Yes Yes Yes

M1 Yes Yes Yes

X0 Yes Yes Yes Yes Yes

X1 Yes Yes Yes

YO0 Yes Yes Yes Yes Yes

Y1 Yes Yes Yes

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

PADD AO, MO, AO PMULS XO, YO, MO MOVX.W @R4+, XO  MOVY.W @R6+, YO [;]
DCF PINC X1, Al MOVX.W AO, @R5+R8 MOVY.W @R7+, YO [;]
PCMP X1, MO MOVX_W @R4 [NOPY] [:1

Figure 2.16 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 is the instruction line delimiter, but this can also be omitted. If the semicolon
delimiter is used, the area to 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 always 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. DC bit updating is performed by means
of bits CS0 to CS2 in the DSR register. The DC bit update rules are shown in table 2.33.
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Table 2.32 DSP Operation Instructions

Execu-
tion
Instruction Instruction Code Operation States DC
PMULS Se, Sf,Dg 111110*****x**** Sg* Sf _, Dg (signed) 1 —
0100eef f 0000gg00
PADD Sx, Sy, Du 111110******xx*x%*  Sx + Sy - Du 1 *
PMULS Se, Sf,Dg Ollleeffxxyygguu o€ Sf - Dg(signed)
PSUB Sx, Sy, Du 111110*******xx*x%* Sy _ Sy -, Du 1 *
PMULS Se, Sf,Dg 0110eef f xxyygguu o€ Sf - Dg (signed)
PADD Sx, Sy, Dz 111110*******xx*x%*  Sx + Sy _, Dz 1 *
10110001xxyyzzzz
DCT PADD Sx, Sy, Dz 111110*******x*x* |fDC=1,Sx+ Sy - Dz 1 *
10110010xxyyzzzz IfDC =0, nop
DCF PADD Sx, Sy, Dz 111110*******x*x* |fDC=0,Sx+ Sy - Dz 1 *
10110011xxyyzzzz IfDC =1, nop
PSUB Sx, Sy, Dz 111110********x*x* Gy _ Sy -, Dz 1 *
10100001xxyyzzzz
DCT PSUB Sx, Sy, Dz 111110*******x*x*  |fDC=1,Sx—Sy - Dz 1 *
10100010xxyyzzzz IfDC =0, nop
DCF PSUB Sx, Sy, Dz 111110*******x*x*  |fDC =0, Sx—Sy - Dz 1 *
10100011xxyyzzzz IfDC =1, nop
PSHA Sx, Sy, Dz 111110********x*x*  [fSy>=0, Sx<< Sy - Dz 1 *
1010001xxyyzzz2 (arithmetic shift)
If Sy<0, Sx>>Sy - Dz
DCT PSHA Sx, Sy, Dz 111110********xx*  [fDC=1& Sy >=0, 1 *
10010010xxyyzz2zz Sx << Sy - Dz (arithmetic

shift)

fDC=1&8Sy<0,
Sx>>8y - Dz

If DC =0, nop
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Execu-
tion
Instruction Instruction Code Operation States DC
DCF PSHA Sx, Sy, Dz 111110*****=*=**** [fDC=0&Sy>=0, 1 *
10010011xxyyzzzz Sx. << 8y - Dz (arithmetic
shift)
IfDC=0&Sy<0,
Sx>>8y - Dz
If DC =1, nop
PSHL Sx, Sy, Dz 11111Q********%* |fSy>=0,Sx<<8y - Dz 1 *
10000001xxyyzzzz (logical shift)
If Sy <0, Sx>> Sy - Dz
DCT PSHL Sx, Sy, Dz  111110*****=*=**** [fDC=1&Sy>=0, 1 *
10000010XnyZZZZ Sx << Sy - Dz (Ioglcal Shlﬂ)
IfDC=1&Sy<0,
Sx>>8y - Dz
If DC =0, nop
DCF PSHL Sx, Sy, Dz  111110*****=*=**** [fDC=0&Sy>=0, 1 *
10000011XnyZZZZ Sx << Sy - Dz (Ioglcal Shlﬂ)
IfDC=0&Sy<0,
Sx>>8y - Dz
If DC =1, nop
PCOPY Sx, Dz 111110********** Sy _, Dz 1 *
11011001xx00zzzz
PCOPY Sy, Dz 111110********** Sy _, Dz 1 *
1111100100yyzzzz
DCT PCOPY Sx, Dz 111110********** [fDC=1,Sx - Dz 1 *
11011010xx00zzzz If DC =0, nop
DCT PCOPY Sy, Dz 111110********** [fDC=1,Sy - Dz 1 *
1111101000yyzzzz If DC =0, nop
DCF PCOPY Sx, Dz 111110********** [fDC=0,Sx - Dz 1 *
11011011xx00zzzz IfDC =1, nop
DCF PCOPY Sy, Dz 111110********** [fDC=0,Sy -» Dz 1 *
1111101100yyzzzz If DC =1, nop
PDVSB Sx, Dz  11111Q********** Gy _, Dz normalization 1 *

10011101xx00zzzz

count shift value
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Execu-
tion
Instruction Instruction Code Operation States DC
PDVSB Sy, Dz 111110********** Sx _, Dz normalization 1 *
1011110100yyzzzz count shift value
DCT  PDMSB Sx, Dz 111110********** |fDC = 1, normalization 1 *
10011110xx00zzzz count shift value Sx — Dz
If DC =0, nop
DCT PDMSB Sy, Dz 111110********** |f DC = 1, normalization 1 *
1011111000yyzzzz count shift value Sy - Dz
If DC =0, nop
DCF PDVBB Sx, Dz 111110****x****x |f DC = 0, normalization 1 *
10011111xx0022z2z7 count shift value Sx - Dz
If DC =1, nop
DCF PDMSB Sy, Dz  111110********** |fDC = 0, normalization 1 *
1011111100yyzzzz count shift value Sy - Dz
If DC =1, nop
PI NC Sx, Dz 111110*********x%x  MSW of Sx - Dz 1 *
10011001xx00zzzz
PI NC Sy, Dz 111110********x*x%x  MSW of Sy - Dz 1 *
1011100100yyzzzz
DCT PI NC Sx, Dz 111110*********% [fDC =1, MSW of Sx + 1 1 *
10011010xx00zzzz ~ DZ
If DC =0, nop
DCT PI NC Sy, Dz 111110*********% [fDC =1, MSW of Sy + 1 1 *
1011101000yyzzzz ~— D?
If DC =0, nop
DCF PI NC Sx, Dz 111110*********% [f DC =0, MSW of Sx + 1 1 *
10011011xx00zzzz ~ DZ
If DC =1, nop
DCF PI NC Sy, Dz 111110*********% [f DC =0, MSW of Sy + 1 1 *
1011101100yyzzzz ~ DZ
If DC =1, nop
PNEG Sx, Dz 111110x****x*x*x*x  (_Sx -, Dz 1 *
11001001xx00zzzz
PNEG Sy, Dz 111110*******xx*x*  (Q_Sy _, Dz 1 *
1110100100yyzzzz
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Execu-
tion
Instruction Instruction Code Operation States DC
DCT PNEG Sx, Dz 11111Q0*******x*x*x*x  [fDC=1,0—8Sx -» Dz 1 *
11001010xx00zzzz IfDC =0, nop
DCT PNEG Sy, Dz 11111Q0*********x%x [fDC=1,0-8y - Dz 1 *
1110101000yyzzzz IfDC =0, nop
DCF PNEG Sx, Dz 1112110******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********** Sy |Sy _, Dz 1 *
10110101xxyyzzzz
DCT POR Sx, Sy, Dz 111110******x*x*xxx  [fDC=1,Sx|Sy - Dz 1 *
10110110xxyyzzzz If DC =0, nop
DCF POR Sx, Sy, Dz 111110******x*x*x*xx  [fDC =0, Sx|Sy — Dz 1 *
10110111xxyyzzzz If DC =1, nop
PAND Sx, Sy, Dz 111110********** Gy & 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********x* |fDC =0, Sx& Sy - Dz 1 *
10010111xxyyzzzz IfDC =1, nop
PXOR Sx, Sy, Dz 111110*******x*xx GSyASy _, Dz 1 *
10100101xxyyzzzz
DCT PXOR Sx, Sy, Dz 111110*********x |fDC =1, Sx”*Sy - Dz 1 *
10100110xxyyzzzz If DC =0, nop
DCF PXOR Sx, Sy, Dz 111110*********x |fDC =1, Sx”*Sy - Dz 1 *
10100111xxyyzzzz If DC =0, nop
PDEC Sx, Dz 111110*******x*x*x*x  Gx[39:16]-1 - Dz 1 *
10001001xx00zzzz
PDEC Sy, Dz 111110*******x*x*x* Sy [31:16]-1 — Dz 1 *

1010100100yyzzzz
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Execu-
tion
Instruction Instruction Code Operation States DC
DCT PDEC Sx, Dz 111110*******x**x* [fDC =1, Sx [39:16] — 1 1 *
10001010xx00zzzz ~ DZ
If DC =0, nop
DCT PDEC Sy, Dz 111220******xxx% |fDC =1, Sy [31:16] — 1 1 *
1010101000yyzzzz ~ DZ
If DC =0, nop
DCF PDEC Sx, Dz 11111Q0*******x**x* [f DC =0, Sx [39:16] — 1 1 *
10001011xx00zzzz ~ DPZ?
If DC =1, nop
DCF PDEC Sy, Dz 111110*****=**=*%% |fDC =0, Sy [31:16] — 1 1 *
1010101100yyzzzz ~— D?
If DC =1, nop
PCLR Dz 111110*****=*=***%  H'00000000 - Dz 1 *
100011010000zzzz
DCT PCLR Dz 111110***=*=*=*=*=*%% |f DC =1, H'00000000 - Dz 1 *
100011100000zzzz If DC =0, nop
DCF PCLR Dz 111110***=*=*=*=*=*%% |f DC = 0, H'00000000 - Dz 1 *
100011110000zzzz IfDC =1, nop
PSHA #i nm Dz 111110x****x**x*x%  [fimm > =0, Dz <<imm 1 *
00010iiiiiiizzzz - Dz/(arithmetic shift)
If imm<0, Dz>>imm - Dz
PSHL #i nm Dz 111110x****x**x*x%  [fimm > =0, Dz <<imm 1 *
00000i iiiiiizzzz — Dz(logicalshift
Ifimm <0, Dz>>imm - Dz
PSTS MACH, Dz 11111Q0********%* MACH - Dz 1 —
110011010000zzzz
DCT PSTS MACH, Dz 11111Q0******=***% |fDC =1, MACH - Dz 1 —
110011100000zzzz
DCF PSTS MACH, Dz 11111Q0****=*=*=**%% |fDC =0, MACH - Dz 1 —
110011110000zzzz
PSTS MACL, Dz 111110********%%x MACL - Dz 1 —
110111010000zzzz
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Execu-
tion
Instruction Instruction Code Operation States DC
DCT PSTS MACL, Dz 111110*********% |fDC =1, MACL - Dz 1 —
110111100000zzzz
DCF PSTS MACL, Dz 111110*********% |fDC =0, MACL - Dz 1 —
110111110000zzzz
PLDS Dz, MACH 111110*******x**x*x Dz , MACH 1 —
111011010000zzzz
DCT PLDS Dz, MACH 11111Q0********** [fDC =1, Dz -~ MACH 1 —
111011100000zzzz
DCF PLDS Dz, MACH 111110******x*x*x*xx  [fDC =0, Dz -~ MACH 1 —
111011110000zzzz
PLDS Dz, MACL 111110******x*x*x*x* Dz , MACL 1 —
111111010000zzzz
DCT PLDS Dz, MACL 111110******x*x*xx* [fDC =1, Dz -~ MACL 1 —
111111100000zzzz
DCF PLDS Dz, MACL 111110*******x*xx* [fDC =0, Dz -~ MACL 1 —
111111110000zzzz
PADDC Sx, Sy, Dz 111110******x*** Sx + Sy + DC - Dz 1 Carry
10110000xxyyzzzz Carry - DC
PSUBC Sx, Sy, Dz 111110******xx*x%* Sx_Sy—DC - Dz 1 Borrow
10100000xxyyzzzz Borrow - DC
PCMP Sx, Sy 111110********x** Sy — Sy - DC update* 1 *
10000100xxyy0000
PABS Sx, Dz 111110******x*x*x*x*  [fSx<(0,0-Sx - Dz 1 *
10001000xx00zzzz If Sx>=0, nop
PABS Sy, Dz 111110******x*x*x*xx  [fSy<(0,0-Sy — Dz 1 *
1010100000yyzzzz If Sx>=0, nop
PRND Sx, Dz 111110*******x*x*x*x Sy + H'00008000 — Dz 1 *
10011000xx00zzzz LSW of Dz - H'0000
PRND Sy, Dz 111110*******x*x*x* Sy + H'00008000 — Dz 1 *

1011100000yyzzzz

LSW of Dz - H'0000

Note: * See table 2.33.
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Table 2.33 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 PSHA or PSHL shift instruction 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 or shift (PSHA) arithmetic operation is executed,
the MSB of the result, including the guard bits, is copied into the
DC bit.

When an ALU or shift (PSHL) logical 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 or shift operation is all-
zeros, and is cleared otherwise.

0 1 1 Overflow mode

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

When an ALU or shift (PSHL) logical operation is executed, the
DC bit 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 or shift (PSHA) arithmetic operation
exceeds the destination register range, including the guard bits
(“over-range”), the definition is the same as in negative value
mode. If the result is not over-range, the definition is the opposite
of that in negative value mode.

When an ALU or shift (PSHL) logical 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 instructions belonging to this class can be
executed conditionally, as described earlier. The specified condition is valid 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,YO0,A0 MOVX.W @R4+,X0 MOVY.W AO,@R6+R9 ;

When condition is True

Before execution: X0=H*33333333, YO=H"55555555, AO=H"123456789A,
R4=H*00008000, R6=H"00008233, R9=H"00000004
(R4)=H"1111, (R6)=H"2222

After execution:  X0=H"11110000, YO=H"55555555, AO=H"0088888888,
R4=H*00008002, R6=H"00008237, R9=H"00000004
(R4)=H"1111, (R6)=H"3456

When condition is False

Before execution: X0=H*33333333, YO=H"55555555, AO=H"123456789A,
R4=H*00008000, R6=H"00008233, R9=H"00000004
(R4)=H"1111, (R6)=H"2222

After execution:  X0=H"11110000, YO=H"55555555, AO=H"123456789A,
R4=H*00008002, R6=H"00008237, R9=H"00000004
(R4)=H"1111, (R6)=H"3456

Figure 2.17 Examples of Conditional Operations and Data Transfer Instructions

Assignment of NOPX and NOPY Instruction Codes: When there is no data transfer 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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Table 2.34 Examples of NOPX and NOPY Instruction Codes

Instruction Code
PADD X0, YO, A0 MOVX. W @4+, X0 MOVY. W @R6+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 @4+, X0  MOVY. W @6+R9, YO 1111000000001011
MOVX. W @4+, X0  NOPY 1111000000001000
MOVS. W @R4+, X0 1111010010001000
NOPX MOVY. W @R6+R9, YO 1111000000000011
MOVY. W @R6+R9, YO 1111000000000011
NOPX NOPY 1111000000000000
NOP 0000000000001001
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Section 3 Memory Management Unit (MMU)

3.1 Overview

3.1.1 Features

The SH7727 has an on-chip memory management unit (MMU) that implements address
translation. The SH7727 features a resident translation look-aside buffer (TLB) that caches
information for user-created address translation tables located in external memory. It enables high-
speed translation of logical addresses into physical addresses. Address translation uses the paging
system and supports two page sizes (1 kbyte and 4 kbytes). The access right to logical address
space can be set for privileged and user modes to provide memory protection.

3.1.2 Role of MMU

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

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

that one process may inadvertently access the virtual memory allocated to another process. In this
case, the MMU will generate an exception, change the physical memory mapping, and record the

new address translation information.

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

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

In the following text, the SH7727 address space in virtual memory is referred to as logical address
space, and address space in physical memory as physical memory space.
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Figure 3.1 MMU Functions

3.1.3 SH7727 MMU

Logical Address Space: The SH7727 uses 32-bit logical addresses to access a 4-Gbyte logical
address space that is divided into several areas. Address space mapping is shown in figure 3.2.

In the privileged mode, there are five areas, PO to P4.

The PO and P3 areas are mapped onto physical address space in page units, in accordance with
address translation table information. Write-back or write-through can be selected for write access
by means of a CCR setting.

Mapping of the P1 area is fixed in physical address space (H'00000000 to H'1FFFFFFF). In the
P1 area, setting a logical 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.
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Mapping of the P2 area is fixed to physical address space (H'00000000 to H'l FFFFFFF). In the P2
area, setting the top three logical address bits (bits 31, 30, and 29) to 0 generates the corresponding
physical address. P2 area access cannot be cached.

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

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

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

In the user mode, 2 Gbytes of the logical address space from H'00000000 to H'7FFFFFFF (area
UO0) can be accessed. U0 is mapped onto physical address space in page units, in accordance with
address translation table information. When SR.DSP is off, 2 Gbytes of the logical address space
from H'80000000 to HFFFFFFFF 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 CCR setting.

When the SR.DSP is on, a new 16-MB 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 on the X/Y RAM
space, refer to section 6, X/Y Memory.
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H'00000000 H'00000000

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

2-Gbyte virtual space,
cacheable Area U0
(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
physical space, Area P2 Area Uxy
non-cacheable (present
only when

. SR.DSP=1
H'C0000000 | 0.5-Gbyte virtual space, )

cacheable Area P3

(write-back/write-through)
Address error

H'EO000000
0.5-Gbyte control space,
non-cacheable Area P4
H'FFFFFFFF H'FFFFFFFF
Privileged mode User mode

Figure 3.2 Logical Address Space Mapping

Physical Address Space: The SH7727 supports a 32-bit physical address space, but the upper 3
bits are actually ignored and treated as a shadow. See section 12, Bus State Controller (BSC), for
details.

Address Translation: When the MMU is enabled, the logical 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 logical address and
memory protection codes. When an access to an area other than P4 occurs, if the accessed logical
address belongs to area P1 or P2 there is no TLB access and the physical address is uniquely
defined. If it belongs to area PO, P3 or U0, the TLB is searched by logical address and, if that
logical address is registered in the TLB, the access hits the TLB. The corresponding physical
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address and the page control information are read from the TLB and the physical address is
determined.

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

When the MMU is disabled, the logical address is used directly as the physical address. As the
SH7727 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 12, Bus State Controller
(BSC)). For example, addresses H'00001000 in the PO area, H'80001000 in the P1 area,
H'A0001000 in the P2 area, and H'C0001000 in the P3 area are all mapped onto the same physical
address. When access to these addresses is performed with the cache enabled, an address with the
top 3 bits of the physical address masked to 0 is stored in the cache address array to ensure data

congruity.

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

Address Space Identifier (ASID): In multiple virtual memory mode, the address space identifier
(ASID) is used to differentiate between processes running in parallel and sharing logical address
space. The ASID is 8 bits in length and can be set by software setting of the ASID of the currently
running process in PTEH within the MMU. When the process is switched using the ASID, the
TLB does not have to be purged.

In single virtual memory mode, the ASID is used to provide memory protection for processes
running simultaneously and using the logical address space exclusively (see section 3.4.2, MMU
Software Management).
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3.14 Register Configuration

Table 3.1 shows the configuration of the MMU control registers.

Table 3.1 Register Configuration

Name Abbreviation R/W Size Initial Value™' Address
Page table entry register 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 R/W  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 are five registers for MMU processing. These are all peripheral module registers, so they are
located in address space area P4 and can only be accessed from privileged mode by specifying the
address. These registers consist of:

1.

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

The page table entry register low (PTEL) register residing at address H'FFFFFFF4, and used 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.

. The translation 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 value in TTB
automatically. TTB is available to software for general purposes.
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4. The TLB exception address register (TEA) residing at address HFFFFFFFC, which stores the
logical address corresponding to a TLB or address error exception. This value remains valid
until the next exception or interrupt.

5. The MMU control register (MMUCR) residing at address H'FFFFFFEO, 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 0 7 0
| VPN | 0 | ASID |
PTEH
31 109876 4 321 0
| PPN |0|V|O|PR|SZ|C|D|SH|0|
PTEL
31 0
| TTB |
TTB
31 0

Virtual address causing TLB-related
or address error exception

TEA
31 8 765432 1

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

RC: A 2-bit random counter, automatically updated by hardware according to the
following rules in the event of an MMU exception. When a TLB miss exception
occurs, all TLB entry ways corresponding to the virtual address at which the
exception occurred are checked, and if all ways are valid, 1 is added to RC; if
there is one or more invalid way, they are set by priority from way O, 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 to 12 are used as the TLB index number.
When 1, the value obtained by EX-ORing ASID bits 4 to 0 in PTEH and VPN bits
16 to 12 are used as the TLB index number.

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

Figure 3.3 MMU Register Contents
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3.3 TLB Functions

331 Configuration of the TLB

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

Ways 0 to 3 Ways 0 to 3
[ I I I [ I I I I I
[ I I I [ I I I I I

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

Entry 0 | VPN(31-17) |VPN(11-10)| ASID(7-0) | V | Entry O [PPN(31-10) [PR(1-0)[SZ| C | D [SH|H
Entry 1 LH Entry 1 H ]
Entry 31 H Entry31 H

Address array Data array

Figure 3.4 Overall Configuration of the TLB
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31 10 9 0
| VPN | Offset |

Virtual address (1-kbyte page)

31 2 1 0
| VPN | Offset |

Virtual address (4-kbyte page)

(15) &) | OO (22) (G OL)
[VPN (31-17)| VPN (11-10)| ASID [sH|sz| v | | PPN [PrR[c|D]
TLB entry
Legend:
VPN: Virtual page number. Top 22 bits of virtual address for a 1-kbyte page, or top 20 bits of

ASID:

SH:

SZ:

PPN:

PR:

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

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

0 = Page not shared between processes

1 = Page shared between processes

Page-size bit

0 = 1-kbyte page

1 = 4-kbyte page

: Valid bit. Indicates whether entry is valid.

0 = Invalid

1= Valid

Cleared to 0 by a power-on reset. Not affected by a manual reset.

Physical page number. Top 22 bits of physical address. PPN bits 11 and 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).

Set the most significant bit to 0.

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

00: Reading only is possible in privileged mode.

01: Reading/writing is possible in privileged mode.

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

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

. Cacheable bit. Indicates whether the page is cacheable.

0 = Non-cacheable
1 = Cacheable

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

0 = Not written to
1 = Written to

Figure 3.5 Logical Address and TLB Structure
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3.3.2 TLB Indexing

The TLB uses a 4-way set associative scheme, so entries must be selected by index. VPN bits 16
to 12 and ASID bits 4 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 bit in MMUCR.

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

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

The method 1 is used to prevent lowered TLB efficiency that results when multiple processes run
simultaneously in the same logical address space (multiple virtual memory) and a specific entry is
selected by indexing of each process. Figures 3.6 and 3.7 show the indexing schemes.

Virtual address PTEH register
31 1716 1211 0 31 10 7 0
| | VPN | 0 | ASID |
ASID(4-0
Exclusive-OR )¢ @9
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

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

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

Figure 3.7 TLB Indexing (IX = 0)

333 TLB Address Comparison

A TLB address comparison is performed when an instruction is fetched from a program in
external memory or data in external memory is referenced. The items used in the comparison are
VPN and ASID. The VPN of the logical 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 the indexed TLB entry. All four ways are searched simultaneously. If the compared
values match, and the indexed TLB entry is valid (V bit = 1), the hit is registered.

It is necessary to have software ensure that TLB hits do not occur simultaneously in more than one
way, as hardware operation is not guaranteed if this occurs. For example, if there are two identical
TLB entries with the same VPN and a setting is made such that a TLB hit is made only by a
process with ASID = H'FF when one is in 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) in the TLB
entry. It also varies depending on whether the system supports multiple virtual memory or single
virtual memory.
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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).

The sharing information (SH) determines whether the PTEH.ASID and the ASID in the TLB entry
are compared. ASIDs are compared when there is no sharing between processes (SH = 0) but not
when there is sharing (SH = 1).

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

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

Yes

No (4 kbytes) No (4 kbytes)

SZ =07 SZ=07?

Yes (1 kbyte) Yes (1 kbyte)

A\ 4 A\

Bits compared: Bits compared: Bits compared: Bits compared:

VPN (31-17) VPN (31-17) VPN (31-17) VPN (31-17)

VPN (11-10) VPN (11-10) ASID (7-0)
ASID (7-0)

Figure 3.8 Objects of Address Comparison
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3.34 Page Management Information

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

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

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

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

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

Table 3.2  Access States Designated by D, C, and PR Bits

Privileged Mode User Mode
Reading Writing Reading Writing
D bit 0 Permitted Initial page write Permitted Initial page write
exception exception
1 Permitted Permitted Permitted Permitted
C bit 0 Permitted Permitted Permitted Permitted
(no caching) (no caching) (no caching) (no caching)
1 Permitted Permitted Permitted Permitted
(with caching) (with caching) (with caching) (with caching)
PR bit 00 Permitted TLB protection TLB protection TLB protection
violation exception violation exception violation exception
01 Permitted Permitted TLB protection TLB protection
violation exception violation exception
10 Permitted TLB protection Permitted TLB protection
violation exception violation exception
11 Permitted Permitted Permitted Permitted

Rev. 5.00 Dec 12, 2005 page 110 of 1034
REJ09B0254-0500
RENESAS



Section 3 Memory Management Unit (MMU)

34 MMU Functions

34.1 MMU Hardware Management
There are two kinds of MMU hardware management as follows:

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

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

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

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

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

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

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

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

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

Figure 3.9 shows the case where the IX bit in MMUCR is 0.

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

As the LDTLB instruction changes address translation information, there is a risk of destroying
address translation information if this instruction is issued in the PO, U0, or P3 area. Make sure,
therefore, that this instruction is issued in the P1 or P2 area. Also, an instruction associated with an
access to the PO, U0, or P3 area (such as the RTE instruction) should be issued at least two
instructions after the LDTLB instruction.
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MMUCR
31 9 0
0 ‘SV‘O‘O‘RC‘O‘TF‘IX‘AT|
Index T Way selection
PTEH register —L— PTEL register
31 17 12 10 8 0 31 10 0
VPN ‘ ‘VPN ‘ 0 ‘ ASID | ’ PPN ‘O‘V‘O‘PR‘SZ‘C‘D‘SH‘O‘

Write Write
v v v

Ways 0 to 3
[ I I I

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

31

Address array Data array

Figure 3.9 Operation of LDTLB Instruction

344 Avoiding Synonym Problems

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

To achieve high-speed operation of the SH7727 cache, an index number is created using logical
address bits 11 to 4. When a 4-kbyte page is used, logical address bits 11 to 4 are included in the
offset, and since they are not subject to address translation, they are the same as physical address
bits 11 to 4. In cache-based address comparison and recording in the address array, since the cache
tag address is a physical address, physical address bits 31 to 10 are recorded.

When a 1-kbyte page is used, also, a cache index number is created using logical address bits 11 to
4. However, in case of a 1-kbyte page, logical address bits 11 and 10 are subject to address
translation and therefore may not be the same as physical address bits 11 and 10. Consequently,
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the physical address is recorded in a different entry from that of the index number indicated by the
physical address in the cache address array.

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
translation has been performed are recorded in two TLBs:

Logical address 1 H'00000000 - physical address H'00000C00
Logical address 2 H'00000C00 — physical address H'00000C00

Logical address 1 is recorded in cache entry H'00, and logical address 2 in cache entry H'CO. Since
two logical addresses are recorded in different cache entries despite the fact that the physical
addresses are the same, memory inconsistency will occur as soon as a write is performed to either
logical address.

Therefore, when recording a 1-kbyte TLB entry, if the physical address is the same as a physical
address already used in another TLB entry, it should be recorded in such a way that physical
address bits 11 and 10 are the same.
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When using a 4-kbyte page
Virtual address

31 121110 0
N
VPN N offset |
. Virtual address (11-4) >
Physical address
31 121110 0
PPN R\E Offset | Cach;r?adydress
. 4
Physical address (31-10)
When using a 1-kbyte page
Virtual address
31 11109 0
VPN \| offset |
) Virtual address (11-4) q
Physical address
31 11109 0 h
PPN N offset | Cac ;zjydress
Physical address (31-10) q

Figure 3.10 Synonym Problem
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3.5 MMU Exceptions

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

3.5.1 TLB Miss Exception

A TLB miss results when the logical 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: In a TLB miss, the SH7727 hardware executes a set of prescribed
operations, as follows:

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

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

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

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

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

status register (SSR).

The mode (MD) bit in SR is set to 1 to place the SH7727 in the privileged mode.

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

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

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

when all ways are checked for the TLB entry corresponding to the logical 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.

$ x N

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

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

1. Write the value of the physical page number (PPN) field and the protection key (PR), page size
(SZ), cacheable (C), dirty (D), share status (SH), and valid (V) bits of the page table entry
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recorded in the address translation table in the external memory into the PTEL register in the
SH7727.

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

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

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

3.5.2 TLB Protection Violation Exception

A TLB protection violation exception results when the logical address and the address array of the
selected TLB entry are compared and a valid entry is found to match, but the type of access is not
permitted by the access rights specified in the PR field. TLB protection violation exception
handling includes both hardware and software operations.

Hardware Operations: In a TLB protection violation exception, the SH7727 hardware executes a
set of prescribed operations, as follows:

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

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

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

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

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

6. The MD bit in SR is set to 1 to place the SH7727 in the privileged mode.

7. The BL bit in SR is set to 1 to mask any further exception requests.

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

9. 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.

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

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

Hardware Operations: In a TLB invalid exception, the SH7727 hardware executes a set of
prescribed operations, as follows:

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

3. The way number causing the exception is written to RC in MMUCR.
4

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

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

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

7. The mode (MD) bit in SR is set to 1 to place the SH7727 in the privileged mode.
8. The block (BL) bit in SR is set to 1 to mask any further exception requests.

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

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

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

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

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

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

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

An initial page write exception results in a write access when the logical address and the address
array of the selected TLB entry are compared and a valid entry with the appropriate access rights
is found to match, but the D (dirty) bit of the entry is 0 (the page has not been written to). Initial

page write exception handling includes both hardware and software operations.

Hardware Operations: In an initial page write exception, the SH7727 hardware executes a set of
prescribed operations, as follows:

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

3. Exception code H'080 is written to the EXPEVT register.
4

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

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

6. The MD bit in SR is set to 1 to place the SH7727 in the privileged mode.
7. The BL bit in SR is set to 1 to mask any further exception requests.

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

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

10. Execution branches to the address obtained by adding the value of the VBR contents and
H'00000100 to invoke the user-written initial page write exception handler.

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

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

3. Write the value 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.

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

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

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

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

Error)

MMU Exception in the Instruction Fetch Mode

i [

I:I : Exception source stage

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

MMU exception handler —»

Handler transition
processing

| IF | ID| EX| MA| WB
ID EX | MA | WB
ID | EX | MA | WB
NOP
NOP

IF | ID|EX MA|WB|

Figure 3.12 MMU Exception Signals in Instruction Fetch
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MMU Exception in the Data Access Mode

—

IF| ID| EX|MA |WB
IF| ID | EX [MA{|WB
IF | 1D | EX/| MA| WB
D | EX| MA| WB
D | EX| MA | WB
ID | Ex | MA |wB |

NOP ]

NOP
MMU exception handler — | IF | ID |EX | MA WBI
|:| : Exception source stage

|:| : Stage cancellation for instruction
that has begun execution

Handler transition
processing

IF = Instruction fetch
ID = Instruction decode
EX = Instruction execution

MA = Memory access
WB = Write back
NOP = No operation

Figure 3.13 MMU Exception Signals in Data Access
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3.5.6 MMU Exception in Repeat Loop

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

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

).

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

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

inst0 IF | ID | EX|MA|WB

instl IF | ID | EX | MA|WB

inst1 IF | 1D | EX[MA|WB]
inst2 IF [ 1D | EX[MA]WB]

(2) 2 instructions repeated (instl and inst2, SR.RC=2)

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

inst0 IF | ID | EX|MA|WB

instl IF | ID | EX|MA|WB

inst2 IF | ID | EX|MA|WB

instl IF | ID | EX|[MA|WB]

inst2 IF [ D | EX | MA] WB]
inst3 IF [ ID | EX[MA[WB]

(3) 3 instructions repeated (instl, inst2 and inst3, SR.RC=2)

inst-1 [ IF [ D [EX]MA]WB

inst0 \—\ IF | ID | EX |MA|wWB

inst1 IF| ID |EX|MA|WB

inst2 IF | ID | EX|MA|WB

inst3 IF | ID | EX|MA|WB

instl IF | ID | EX|MA|WB

inst2 IF | ID | EX|MA|WB

inst3 IF | ID | EX|MA|[WB
inst4 IF [ D [ Ex|MA|wB]

|:| : Exception source stage where SPC is not correct
and repeat loop can not be restarted

Figure 3.14 MMU Exception in Repeat Loop
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(4) 4 or more instructions repeated (inst1, inst2, ..., instN, SR.RC=2)

inst-1 [ IF
inst0
instl
inst2

instN-3
instN-2
instN-1
instN
instl
inst2

instN-3
instN-2
instN-1
instN

instN+1

ID [ EX|MA[WB
IF [ D | EX|MA]WB
| IF [ D] EX|MA[WB]
IF [ 1D | EX|MA[WB]
IF [ 1D [EX[MA[WB
IF [ 0| EX|MA|wB]
IF [ 1D | EX|MA[wB]
IF [ D |EX[MA[WB
IF [ D [EX|[MA[WB
IF | D [EX|MA[wB
IF [ D [EX[MA]wWB
IF | D[ EX|MA[wWB
IF | D | EX|MA[wB
IF | D[ EX|MA[WB
IF [ D [EX|mA[wB

|:|: Exception source stage where SPC is not correct
and repeat loop can not be restarted

3.6 Memory-Mapped TLB

In order for TLB operations to be managed by software, TLB contents can be read or written to in
the privileged mode using the MOV instruction. The TLB is assigned to the P4 area in the logical

Figure 3.14 MMU Exception in Repeat Loop (cont)

address space. The TLB address array (VPN, V bit, and ASID) is assigned to HF2000000 to
H'F2FFFFFF, and the data array (PPN, PR, SZ, C, D, and SH bits) to H'F3000000 to

H'F3FFFFFF. The V bit in the address array can also be accessed from the data array. Only

longword access is possible for both the address array and the data array.
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3.6.1 Address Array

The address array is assigned to H'F2000000 to HF2FFFFFF. To access an address array, the
32-bit address field (for read/write operations) and 32-bit data field (for write operations) must be
specified. The address field specifies information for selecting the entry to be accessed; the data
field specifies the VPN, V bit and ASID to be written to the address array ((1) in figure 3.15).

In the address field, specify VPN (16 to 12) as the index address for selecting the entry (bits 16 to
12), the W bits for selecting the way (bits 9 and 8), and H'F2 to indicate address array access (bits
31 to 24). The IX bit in MMUCR indicates whether an EX-OR of VPN (16 to 12) and ASID (4 to
0) in the PTEH register is taken as the index address.

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

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

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

3.6.2 Data Array

The data array is assigned to H'F3000000 to H'F3FFFFFF. To access a data array, the 32-bit
address field (for read/write operations), and 32-bit data field (for write operations) must be
specified. 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 ((2) in figure 3.15). Longword
data has the same bit configuration as PTEL.

In the address field, specify VPN (16 to 12) as the index address for selecting the entry (bits 16 to
12), the W bits for selecting the way (bits 9 and 8), and H'F3 to indicate data array access (bits 31
to 24). The IX bit in MMUCR indicates whether an EX-OR of VPN (16 to 12) and ASID (4 to 0)
in the PTEH register is taken as the index address.

Both reading and writing use the longword 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 17 16 121110987 6 0
Address field | 11110010 K *l VPN |*|*| W | 0 |* ........... *l
31 1716 12111098 7 0
Data field | VPN lo--- olven[olv]  AsiD |
Write access
31 24 23 1716 121110987 6 0
Address field | 11110010 Ko *| VPN |*|*| w | 0 |* ........... *|
31 1716 12111098 7 0
Data field | VPN [*- - *[veN[A|[v[  AsiD |
VPN: Virtual page number ASID: Address space identifier
V: Valid bit *: Don't care bit

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

(2) TLB Data Array Access
Read/write access

31 24 23 17 16 12111098 7 0
Address field | 11110011 Ko *l VPN |*|*| W |* .............. *l
31 2928 109 87654 32 1 0
Data field | 000 | PPN [x|v]x|PR[sz|c|D]sH][X]
PPN: Physical page number V: Valid bit
PR: Protection key field SZ: Page-size bit
C: Cacheable bit D: Dirty bit
SH: Share status bit *: Don't care bit

VPN: Virtual page number
X: 0 forread, don't care bit for write
W: Way (00: Way 0, 01: Way 1, 10: Way 2, 11: Way 3)

Figure 3.15 Specifying Address and Data for Memory-Mapped TLB Access
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3.63 Usage Examples

Invalidating Specific Entries: Specific TLB entries can be invalidated by writing O to the entry’s
V bit. RO specifies the write data and R1 specifies the address.

; RO=H 1547 381C R1=H F201 30
MVMUCR. | X=0

; VPN(31-17)=B' 0001 0101 0100 011 VPN(11-10) =B' 10 ASI D=B' 0001 1100
correspondi ng entry association is nade fromthe entry sel ected by

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

MOV.L RO, @Rl

Reading the Data of a Specific Entry: This example reads the data section of a specific TLB
entry. The bit order indicated in the data field in figure 3.15 (2) is read. RO specifies the address
and the data section of a selected entry is read to R1.

. Rl=H F300 4300 VPN(16-12)=B 00100 \ay 3
MOV. L @0, RL
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3.7 Usage Notes

1. 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).

2. The value of the RC bit in MMUCR may be set abnormally if all of the following conditions
are met:

(1) MMU is on (AT is set to 1 in MMUCR).
(2) Identical entries in the TLB address array reference the same VPN using multiple ways.
(3) A TLB related exception occurs.

The VPN is not initialized at power on reset or manual reset. Therefore, identical entries may
access two or more VPNs using the same value. In such cases, certain entries in the TLB
address array may end up as shown below if, for example, they are registered in way 3.

In this case way 0 and way 3 reference the same VPN, thereby satisfying condition (2).

After reset After registration to way 3
WAY VPN v WAY VPN v

0 12345 0 —> 0 12345 0

3 12345 0 3 12345 1

The above conditions can also be satisfied by TLB handling in software. For example, the
situation shown below could occur if] after invalidating way 0 (by setting V from 1 to 0) for an
entry in the TLB address array, the entry is registered to way 3. In this case as well, the same
VPN is assigned for both way 0 and way 3, thereby satisfying condition (2) above.

After invalidation of way 0 After registration to way 3
WAY VPN v WAY VPN v

0 12345 0 — 0 12345 0

3 11111 0 3 12345 1
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Measures to avoid the problem
The following two measures should be taken to avoid the problem described above:

a. After performing a reset and before setting AT to 1 in MMUCR, initialize to 1 the upper
four bits of the VPNs for each entry in the TLB address array.

b. When invalidating an entry in the TLB address array, initialize to 1 the upper four bits of
the corresponding VPN in addition to setting V to 0.
The above measures will ensure that the VPN is not in the area referenced after address

conversion. This will prevent condition (3) from being satisfied and prevent the problem
described above from arising.
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Section 4 Exception Handling

4.1 Overview

4.1.1 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.

4.1.2 Register Configuration

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

Table 4.1 Register Configuration

Register Abbr. R/W Size Initial Value Address

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

Exception event register EXPEVT R/W Longword Power-on reset: H'000 H'FFFFFFD4
Manual reset: H'020

Interrupt event register INTEVT R/W Longword Undefined H'FFFFFFD8
Interrupt event register2 INTEVT2 R Longword  Undefined H'04000000
(H'A4000000)*
Note: * When address translation by the MMU does not apply, the address in parentheses should
be used.

4.2 Exception Handling Function

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

A basic exception handling sequence consists of the following operations:

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

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

The mode (MD) bit in SR is set to 1 to place the SH7727 in the privileged mode.

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

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

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

A

4.2.2 Exception Handling Vector Addresses

The reset vector address is fixed at H'A0000000. The other three events are assigned offsets from
the vector base address by software. Translation 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 loaded into the vector base register (VBR) by software.
The vector base address should reside in P1 or P2 fixed physical address space. Figure 4.1 shows
the relationship between the vector base address, the vector offset, and the vector table.

»
Lt

y

VBR + Vector offset ———»

(Vector base address)

H'A000 0000 ——»

Vector address

Figure 4.1 Vector Table

With regard to exceptions and their vector addresses, table 4.2 lists exception type, instruction
completion state, priority, exception order, vector address, and vector offset.
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Table 4.2

Exception
Type

Exception Event Vectors

Current
Instruction

Exception Event

Priority*1

Exception
Order

Vector
Address

Vector Offset

Reset

Aborted

Power-on reset

H'A0000000  —

Manual reset

H'A0000000 —

H-UDI reset

H’A0000000 —

General
exception
events

Aborted
and retried

CPU address error
(instruction access)

N ]

H'00000100

TLB miss
(instruction access
not in repeat loop)

H'00000400

TLB miss
(instruction access in
repeat loop)**

H’00000100

TLB invalid
(instruction access)

H'00000100

TLB protection
violation
(instruction access)

H'00000100

General illegal
instruction exception

H'00000100

lllegal slot instruction
exception

H'00000100

CPU address error
(data access)

H'00000100

TLB miss
(data access not in
repeat loop)

H'00000400

TLB miss
(data access in repeat
loop)**

H'00000100

TLB invalid (data
access)

H'00000100

TLB protection
violation
(data access)

H'00000100

Initial page write

H'00000100

Completed

Unconditional trap
(TRAPA instruction)

N

H'00000100

User breakpoint trap

N

H'00000100

DMA address error

H'00000100

RENESAS
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Exception Current Exception Vector
Type Instruction Exception Event Priority™  Order Address Vector Offset
General Completed  Nonmaskable interrupt 3 — — H'00000600
interrupt External hardware 4% — — H'00000600
requests .

interrupt

H-UDI interrupt 4% — — H'00000600

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

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

3. Use software to specify relative priorities of external hardware interrupts and peripheral
module interrupts (see section 7, Interrupt Controller (INTC)).

4. See section 4.5.2, General Exceptions for details.

4.2.3 Acceptance of Exceptions

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

All general exception events occur in a relative order in the execution sequence of an instruction
(i.e., execution order), but are handled at priority level 2 in instruction-stream order (i.e., program
order), where an exception detected in a preceding instruction is accepted prior to an exception
detected in a subsequent instruction.

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

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

¢ A TLB miss (data access)
Instruction n + 1 | F [ 0 | Ex [ MA [ wB |

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

RIE (reserved instruction exception)
Detection Order:

TLB miss (instruction n+1)

'

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

TLB miss (instruction n)

¢ 1

Re-execution of instruction n

'

TLB miss (instruction n + 1)

¢ 2

Re-execution of instruction n + 1

'

RIE (instruction n + 2) 3
IF = Instruction fetch
ID

= Instruction decode
EX = Instruction execution
MA = Memory access

WB = Write back

Figure 4.2 Example of Acceptance Order of General Exceptions
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All exceptions other than a reset are detected in the pipeline ID stage, and accepted on instruction
boundaries. However, an exception is not accepted between a delayed branch instruction and the
delay slot. A re-execution type exception detected in a delay slot is accepted before execution of
the delayed branch instruction. A completion type exception detected in a delayed branch
instruction or delay slot is accepted after execution of the delayed branch instruction. The delay
slot here refers to the next instruction after a delayed unconditional branch instruction, or the next
instruction when a delayed conditional branch instruction is true.

4.2.4 Exception Codes

Table 4.3 lists the exception codes written to bits 11 to 0 of the EXPEVT register (for reset or
general exceptions) or the INTEVT and INTEVT2 registers (for general interrupt requests) to
identify each specific exception event. An additional exception register, the TRAPA (TRA)
register, is used to hold the 8-bit immediate data in an unconditional trap (TRAPA instruction).

Table 4.3  Exception Codes

Exception Type Exception Event Exception Code

Reset Power-on reset H'000
Manual reset H'020
H-UDI reset H'000

General exception events TLB miss/invalid (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'0AO
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'1EOQ
DMA address error H'5C0
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Exception Type

Exception Event

Exception Code

General interrupt requests

Nonmaskable interrupt

H'1CO0

H-UDI interrupt H'5EOQ

External hardware interrupts:
IRL3 to IRLO = 0000 H'200
IRL3 to IRLO = 0001 H'220
IRL3 to IRLO = 0010 H'240
IRL3 to IRLO = 0011 H'260
IRL3 to IRLO = 0100 H'280
IRL3 to IRLO = 0101 H'2A0
IRL3 to IRLO= 0110 H'2C0
IRL3 to IRLO= 0111 H'2E0
IRL3 to IRLO = 1000 H'300
IRL3 to IRLO = 1001 H'320
IRL3 to IRLO = 1010 H'340
IRL3 to IRLO = 1011 H'360
IRL3 to IRLO = 1100 H'380
IRL3 to IRLO = 1101 H'3A0
IRL3 to IRLO= 1110 H'3CO0

Note:

4.2.5

When the BL bit in SR is 0, exceptions and interrupts are accepted.

Exception codes H'120, H'140, and H'3EOQ are reserved.

Exception Request Masks

If a general exception event occurs when the BL bit in SR is 1, the CPU’s internal registers are set
to their post-reset state, other module registers retain their contents prior to the general exception,

and a branch is made to the same address (H'A0000000) as for a reset.

If a general interrupt occurs when BL = 1, the request is masked (held pending) and not accepted
until the BL bit is cleared to 0 by software.

For reentrant exception handling, the SPC and SSR must be saved and the BL bit in SR cleared to

0.
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4.2.6 Returning from Exception Handling

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

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

4.3 Register Description

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 address in the privileged mode
only.

1. The exception event register (EXPEVT) resides at address HFFFFFFD4, and contains a 12-bit
exception code. The exception code set in EXPEVT is that for a reset or general exception
event. The exception code is set automatically by hardware when an exception occurs.
EXPEVT can also be modified by software.

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

3. The interrupt event register INTEVT) resides at address HFFFFFFDS, 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 code is set automatically by hardware when an exception occurs. INTEVT
can also be modified by software.

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 registers are shown in
figure 4.3.
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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 zero

imm: 8-bit immediate data in TRAPA instruction

Figure 4.3 Bit Configurations of EXPEVT, INTEVT, INTEVT2, and TRA Registers
4.4 Exception Handling Operation

4.4.1 Reset

The reset sequence is used to power up or restart the SH7727 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 a manual reset, however,
processing to retain external memory contents is continued. The reset sequence consists of the
following operations:

1. The MD bit in SR is set to 1 to place the SH7727 in privileged mode.

2. The BL bit in SR is set to 1, masking any subsequent exceptions (except NMI interrupt when
BLMSK bit is 1).

3. The RB bitin SR is set to 1.

4. An encoded value of H'000 in a power-on reset or H'020 in a manual reset is written to bits 11
to 0 of the EXPEVT register to identify the exception event.

5. Instruction execution jumps to the user-written exception handler at address H'A0000000.

4.4.2 Interrupts

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

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

2. The BL bit in SR is set to 1, masking any subsequent exceptions (except NMI interrupt when
BLMSK bit is 1).

3. The MD bit in SR is set to 1 to place the SH7727 in privileged mode.
4. The RB bitin SR is set to 1.

Rev. 5.00 Dec 12, 2005 page 139 of 1034
REJ09B0254-0500
RENESAS



Section 4 Exception Handling

5.

An encoded value identifying the exception event is written to bits 11 to 0 of the INTEVT and
INTEVT?2 registers.

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

4.4.3 General Exceptions

When the SH7727 encounters any exception condition other than a reset or interrupt request, it
executes the following operations:

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

The BL bit in SR is set to 1, masking any subsequent exceptions (except NMI interrupt when
BLMSK bit is 1).

The MD bit in SR is set to 1 to place the SH7727 in privileged mode.

The RB bit in SR is set to 1.

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

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

4.5 Individual Exception Operations

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

4.5.1 Resets

Power-On Reset

O Conditions: RESETP low

O Operations: EXPEVT set to H'000, VBR and SR initialized, branch to PC = H'A0000000.
Initialization sets the VBR register to H'00000000. In SR, the MD, RB and BL bits are set
to 1 and the interrupt mask bits (I3 to 10) is set to 1111. The CPU and on-chip supporting
modules are initialized. See the register descriptions in the relevant sections for details. A
power-on reset must always be performed when powering on. A high level is output from
the STATUSO and STATUSI pins.
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e Manual Reset

O
0

Conditions: RESETM low

Operations: EXPEVT set to H'020, VBR and SR initialized, branch to PC = H'A0000000.
Initialization sets the VBR register to H'00000000. In SR, the MD, RB, and BL bits are set
to 1 and the interrupt mask bits (I3 to 10) is set to 1111. The CPU and on-chip supporting
modules are initialized. See the register descriptions in the relevant sections for details. A
high level is output from the STATUSO and STATUSI pins.

e H-UDI Reset

0
O

Conditions: H-UDI reset command input (see section 31.4.3, H-UDI Reset)

Operations: EXPEVT set to H'000, VBR and SR initialized, branch to PC = H'A0000000.
Initialization sets the VBR register to H'0000000. In SR, the MD, RB and BL bits are set to
1 and the interrupt mask bits (I3 to 10) is set to 1111. The CPU and on-chip supporting
modules are initialized. See the register descriptions in the relevant sections for details.

Table 4.4  Types of Reset

Conditions for Transition Internal State

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

Manual RESETM = Low Initialized

reset

H-UDI H-UDI reset command input Initialized

reset

4.5.2 General Exceptions

¢ TLB miss exception

0
O

Conditions: Comparison of TLB addresses shows no address match

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

The PC and SR of the instruction that generated the exception are saved to the SPC and SSR,
respectively. If the exception occurred during a read, H'040 is set in EXPEVT; if the exception
occurred during a write, H'060 is set in EXPEVT. The BL, MD and RB bits in SR are set to 1
and a branch occurs to PC = VBR + H'0400.

Rev. 5.00 Dec 12, 2005 page 141 of 1034
REJ09B0254-0500
RENESAS



Section 4 Exception Handling

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

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

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

The PC and SR of the instruction that generated the exception are saved in the SPC and SSR,
respectively. If the exception occurred during a read, H'040 is set in EXPEVT; if the exception
occurred during a write, H'060 is set in EXPEVT. The BL, MD, and RB bits in SR are set to 1
and a branch occurs to PC = VBR + H'0100.

e TLB exception/CPU address error in repeat loop

O 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 Loop)

O Operations: TEA, PTEH and RC bit in MMUCR are set in the way of the type of
exception.

The SR of the instruction that generated the exception are saved in the SSR. But the SPC is not
the PC of the instruction that generated the exception. Repeat loop can not be restarted after
returning from exception handler. In order to complete a repeat loop, ensure not to cause TLB
exceptions or CPU address error in the last several instructions of repeat loop (see section
3.5.6, MMU Exception in Repeat Loop). If the TLB exception or CPU address error occurred
in the last several instructions of repeat loop, H'070 is set in EXPEVT. The BL, MD, and RB
bits in SR are set to 1 and a branch occurs to PC = VBR + H'0100.

* Initial page write exception

[0 Conditions: A hit occurred to the TLB for a store access, but D = 0.
This occurs for initial writes to the page registered by the load.

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

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

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

branch occurs in 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

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

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

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

occurred during a write, H'0CO is set in EXPEVT. The BL, MD, and RB bits in SR are set to 1

and a branch occurs to PC = VBR + H'0100.

TLB protection violation in repeat loop

O Conditions: TLB protection violation in the last several instruction of repeat loop (see
section 3.5.6, MMU Exception in Repeat Loop)

O Operations: TEA, PTEH and RC bit in MMUCR are set in the way of the type of
exception.

The SR of the instruction that generated the exception are saved in the SSR. But the SPC is not

the PC of the instruction that generated the exception. Repeat loop can not be restarted after

returning from exception handler. In order to complete a repeat loop, ensure not to cause TLB

exceptions or CPU address error in the last several instructions of repeat loop (see section

3.5.6, MMU Exception in Repeat Loop). If a TLB protection violation occurs in an instruction

immediately before or during a repeat loop, H'0DO is set in EXPEVT. The BL, MD, and RB

bits in SR are set to 1 and a branch occurs to PC = VBR + H'0100.

CPU Address error

0 Conditions:
a. Instruction fetch from odd address (4n + 1, 4n + 3)
b. Word data accessed from addresses other than word boundaries (4n + 1, 4n + 3)

c. Longword accessed from addresses other than longword boundaries (4n + 1, 4n + 2,
4n + 3)
d. Virtual space accessed in user mode in the area H'80000000 to HFFFFFFFF.
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O

Operations: The logical address (32 bits) that caused the exception is set in TEA. The PC
and SR of the instruction that generated the exception are saved to the SPC and SSR,
respectively. If the exception occurred during a read, H'OEO is set in EXPEVT; if the
exception occurred during a write, H'100 is set in EXPEVT. The BL, MD, and RB bits in
SR are set to 1 and a branch occurs to PC = VBR + H'0100. See section 3.5.5, Processing
Flow in Event of MMU Exception, for more information.

Unconditional trap

0
O

Conditions: TRAPA instruction executed

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

Illegal general instruction exception

O

Conditions:

a. When undefined code not in a delay slot is decoded
Delay branch instructions: JMP, JSR, BRA, BRAF, BSR, BSRF, RTS, RTE, BT/S,
BF/S
Undefined instruction: H'Fxxx

b. When a privileged instruction not in a delay slot is decoded in user mode
Privileged instructions: LDC, STC, RTE, LDTLB, SLEEP; instructions that access
GBR with LDC/STC are not privileged instructions.

c. When a DSP instruction not in a delay slot is decoded without DSP extension
(SR.DSP=0)
DSP instructions: LDS Rm, DSR/A0/X0/X1/Y0/Y1, LDS.L @Rm+,
DSR/A0/X0/X1/Y0/Y1, STS DSR/A0/X0/X1/Y0/Y1, Rn, STS.L
DSR/A0/X0/X1/Y0/Y 1, @-Rn, LDC Rm, RS/RE/MOD, LDC.L. @Rm+, RS/RE/MOD,
STC RS/RE/MOD, Rn, STC.L RS/RE/MOD, @-Rn, LDRS, LDRE, SETRC, MOVS,
MOVX, MOVY, Pxxx

d. When an instruction that rewrites the PC/SR/RS/RE in the last three instructions of
repeat loop is decoded.
Instructions that rewrite the PC: JMP, JSR, BRA, BRAF, BSR, BSRF, RTS, RTE,

BT, BF, BT/S, BF/S, TRAPA, LDC Rm, SR,
LDC.L @Rm+, SR

Instructions that rewrite the SR: LDC Rm, SR, LDC.L @Rm+, SR, SETRC
Instructions that rewrite the RS: LDC Rm, RS, LDC.L @Rm+, RS, LDRS
Instructions that rewrite the RE: LDC Rm, RE, LDC.L @Rm+, RE, LDRE
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O Operations: The PC and SR of the instruction that generated the exception are saved to the
SPC and SSR, respectively. H'180 is set in EXPEVT. The BL, MD, and RB bits in SR are
set to 1 and a branch occurs to PC = VBR + H'0100. When an undefined instruction other
than H'Fxxx is decoded, operation cannot be guaranteed.

Illegal slot instruction
O Conditions:
a. When undefined code in a delay slot is decoded

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

b. When an instruction that rewrites the PC in a delay slot is decoded

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

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

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

d. When a DSP instruction in a delay slot is decoded without DSP extension (SR.DSP=0)

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

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

User break point trap
[0 Conditions: When a break condition set in the user break controller is satisfied

O Operations: When a post-execution break occurs, the PC of the instruction immediately
after the instruction that set the break point is set in the SPC. If a pre-execution break
occurs, the PC of the instruction that set the break point is set in the SPC. SR when the
break occurs is set in SSR. H'1EO is set in EXPEVT. The BL, MD, and RB bits in SR are
set to 1 and a branch occurs to PC = VBR + H'0100. See section 8, User Break Controller
(UBC), for more information.
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DMA Address error
O Conditions:
a. Word data accessed from addresses other than word boundaries (4n + 1, 4n + 3)

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

O Operations: The PC of the instruction immediately after the instruction executed before the
exception occurs is saved to the SPC. SR when the exception occurs is saved to SSR.
H'5CO0 is set in EXPEVT. The BL, MD, and RB bits in SR are set to 1 and a branch occurs
to PC = VBR + H'0100.

453 Interrupts

1.

NMI

Conditions: NMI pin edge detection

Operations: The PC and SR after the instruction that receives the interrupt are saved to the SPC
and SSR, respectively. H'1CO is set to INTEVT and INTEVT2. The BL, MD, and RB bits of
the SR are set to 1 and a branch occurs to PC = VBR + H'0600. This interrupt is not masked by
SR.IMASK and received with top priority when the SR’s BL bit in SR is 0. When the BL bit is
1, the interrupt is masked. See section 7, Interrupt Controller (INTC), for more information.

IRL Interrupts

Conditions: The value of the interrupt mask bits in SR is lower than the IRL3 to IRLO level
and the BL bit in SR is 0. The interrupt is accepted at an instruction boundary.

Operations: The PC value after the instruction at which the interrupt is accepted is saved to the
SPC. SR at the time the interrupt is accepted is saved to SSR. The code corresponding to the
IRL3 to IRLO level is set in INTEVT and INTEVT?2. The corresponding code is given as
H'200 + [IRL3 to IRLO] x H'20. See table 7.5, for the corresponding codes. The BL, MD, and
RB bits in SR are set to 1 and a branch occurs to VBR + H'0600. The received level is not set
in SR.IMASK. See section 7, Interrupt Controller (INTC), for more information.

. IRQ Pin Interrupts

Conditions: IRQ pin is asserted and SR.IMASK is lower than the IRQ priority level and the
BL bit in SR is 0. The interrupt is accepted at an instruction boundary.

Operations: The PC value after the instruction at which the interrupt is accepted is saved to the
SPC. The SR at the point the interrupt is accepted is saved to the SSR. The code corresponding
to the interrupt source is set to INTEVT and INTEVT2. The BL, MD, and RB bits of the SR
are set to 1 and a branch occurs to VBR + H'0600. The received level is not set to SR.IMASK.
See section 7, Interrupt Controller (INTC), for more information.
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4. PINT Pin Interrupts

Conditions: The PINT pin is asserted and SR.IMASK is lower than the PINT priority level and
the BL bit in SR is 0. The interrupt is accepted at an instruction boundary.

Operations: The PC value after the instruction at which the interrupt is accepted is saved to the
SPC. The SR at the point the interrupt is accepted is saved to the SSR. The code corresponding
to the interrupt source is set to INTEVT and INTEVT2. The BL, MD, and RB bits of the SR
are set to 1 and a branch occurs to VBR + H'0600. The received level is not set to SR.IMASK.
See section 7, Interrupt Controller (INTC), for more information.

On-Chip Peripheral Interrupts

Conditions: SR.IMASK is lower than the on-chip module (TMU, RTC, SCI, SIOF, SCIF, A/D,
DMAC, CPG, REF, PCC, USBH, USBF, LCDC, AFEIF) interrupt level and the BL bit in SR
is 0. The interrupt is accepted at an instruction boundary.

Operations: The PC value after the instruction at which the interrupt is accepted is saved to the
SPC. The SR at the point the interrupt is accepted is saved to the SSR. The code corresponding
to the interrupt source is set to INTEVT and INTEVT2. The BL, MD, and RB bits of the SR
are set to 1 and a branch occurs to VBR + H'0600. See section 7, Interrupt Controller (INTC),
for more information.

H-UDI Interrupt

Conditions: H-UDI interrupt command is input (see section 31.4.4, H-UDI Interrupt), the value
of the interrupt mask bits of SR is lower than 15, and the BL bit in SR is 0, the interrupt is
accepted at an instruction boundary.

Operations: The PC after the instruction that accepts the interrupt is saved to the SPC. The SR
at the point the interrupt is accepted is saved to the SSR. H'SEOQ is set to INTEVT and
INTEVT?2. The BL, MD, and RB bits of the SR are set to 1 and a branch occurs to VBR +
H'0600. See section 7, Interrupt Controller (INTC), for more information.

4.6 Usage Notes

Return from exception handling

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

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

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

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

NMI is accepted when BLMSK in ICR1 is 1, regardless of the setting of the BL bit.
Exception: No user break point trap will occur even when the break conditions are met.
When one of the other exceptions occurs, a branch is made to the fixed address of the reset
(H'A0000000). In this case, the values of the EXPEVT, SPC, and SSR registers are
undefined.

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

O

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

Completed-type exceptions and interrupts: The PC of the instruction after the one that
caused the exception is set in the SPC. If the exception was caused by a delayed
conditional 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
set in SPC.

 [Initial register values after reset

O

Undefined registers

RO BANKO/1 to R7 BANKO/1, R8 to R15, GBR, SPC, SSR, MACH, MACL, PR
Initialized registers

VBR = H'00000000

SR.MD =1, SRBL =1, SRRB =1, SR.I3 to SR.I0 = HF. Other SR bits are undefined.
PC =H'A0000000

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

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

5.1 Overview

5.1.1 Features
The cache specifications are listed in table 5.1.

Table 5.1 Cache Specifications

Parameter Specification

Capacity 16 kbytes

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

Line size 16 bytes

Number of entries 256 entries/way

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

5.1.2 Cache Structure

The cache mixes data and instructions and uses a 4-way set associative system. It is composed of
four ways (banks), each of which is divided into an address section and a data section. Each of the
address and data sections is divided into 256 entries. The data section of the entry is called a line.
Each line consists of 16 bytes (4 bytes X 4). The data capacity per way is 4 kbytes (16 bytes X 256
entries), with a total of 16 kbytes in the cache as a whole (4 ways). Figure 5.1 shows the cache
structure.
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Address array (ways 0 to 3) Data array (ways 0 to 3) LRU
1 . I 1 . I
Entry 0| v | U |Tag address O] Lwo | Lwi | Lw2 | Lw3
Entry 1 1 1
Entry 255 | 255 | 1 255
24 (1 + 1 + 22) bits 128 (32 x 4) bits 6 bits
- - . ey

LWO-LW3: Longword data 0 to 3

Figure 5.1 Cache Structure

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

In the SH7727, the top three of 32 physical address bits are used as shadow bits (see section 12,
Bus State Controller (BSC)), and therefore in a normal replace operation the top three bits of the
tag address are cleared to 0.

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

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

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

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

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

Table 5.2 LRU and Way Replacement

LRU (5-0) Way to be Replaced
000000, 000100, 010100, 100000, 110000, 110100 3
000001, 000011, 001011, 100001, 101001, 101011 2
000110, 000111, 001111, 010110, 011110, 011111 1
111000, 111001, 111011, 111100, 111110, 111111 0

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

Table 5.3  Register Configuration

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

5.2 Register Description

5.2.1 Cache Control Register (CCR)

The cache is enabled or disabled using the CE bit of the cache control register (CCR). CCR also
has a CF bit (which invalidates all cache entries), and a 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. Figure 5.2 shows the configuration of the CCR
register.
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31 6 5 4 3 2 1 0
=T~ + + = + o o ]—]—]—Jcrlca|wr]cE]

— Reserved bits. These bits are always read as 0. The write value should always be 0.

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.

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

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

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

Figure 5.2 CCR Register Configuration

5.2.2 Cache Control Register 2 (CCR2)

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

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

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

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

The CCR2 register is a write-only register. If read, an undefined value will be returned.
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31 9 8 7 2 1 0
__________________________________________ W3 | W3 | _____________| W2 | W2
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 Way2. In all other conditions the prefetched data will be loaded into the way pointed by
LRU.

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

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

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

Figure 5.3 CCR2 Register Configuration

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

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

LRU (5-0) Way to be Replaced

000000, 000001, 000100, 010100, 100000, 100001, 110000, 110100 3

000011, 000110, 000111, 001011, 001111, 010110, 011110, 011111 1

101001, 101011, 111000, 111001, 111011, 111100, 111110, 111111 0

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

LRU (5-0) Way to be Replaced

000000, 000001, 000011, 001011, 100000, 100001, 101001, 101011 2

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

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

LRU (5-0) Way to be Replaced

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

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

53 Cache Operation

5.3.1 Searching the Cache

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

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

31 12 11 43210
L[]
-
Entry selection | Longword (LW) selection
Ways 0to 3 Ways 0 to 3
1
] :
MMU 0 | V| U|Tag address LwWo Lw1 Lw2 LW3
1
255 | [

Physical address ; ; ; * L

CMPO|CMP1|CMP2|CMP3

|

Hit signal 1

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

Figure 5.4 Cache Search Scheme

Rev. 5.00 Dec 12, 2005 page 155 of 1034

RENESAS

REJ09B0254-0500




Section 5 Cache

5.3.2 Read Access

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

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

533 Prefetch Operations

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

Prefetch Miss: Instruction or data transfer to the CPU is not performed, and the way replaced is as
shown in table 5.2, table 5.4, table 5.5, and table 5.6. Other operations are the same as in the case
of a read miss.

5.3.4 Write Access

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

Write Miss: In the write-back mode, an external write cycle starts when a write miss occurs, and
the entry is updated. The way to be replaced is the one least recently used. When the U bit of the
entry to be replaced is 1, the cache update cycle starts after the entry is transferred to the write-
back buffer. The write-back unit is 16 bytes. Data is written to the cache and the U bit is set to 1
and the V bit is also set to 1. After the cache completes its update cycle, the write-back buffer
writes back the entry to the memory. In the write-through mode, no write to cache occurs in a
write miss; the write is only to the external memory.
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5.3.5 Write-Back Buffer

When the U bit of the entry to be replaced in the write-back mode is 1, it must be written back to
the external memory. To increase performance, the entry to be replaced is first transferred to the
write-back buffer and fetching of new entries to the cache takes priority over writing back to the
external memory. During the write back cycles, the cache can be accessed. The write-back buffer
can hold one line of the cache data (16 bytes) and its physical address. Figure 5.5 shows the
configuration of the write-back buffer.

PA(31to4) | Longword O | Longword 1 Longword 2 Longword 3

PA (31 to 4): Physical address written to external memory
Longword O to 3: The line of cache data to be written to
external memory

Figure 5.5 Write-Back Buffer Configuration

5.3.6 Coherency of Cache and External Memory

Use software to ensure coherency between the cache and the external memory. When memory
shared by this LSI and another device is accessed, the latest data may be in a write-back mode
cache, so invalidate the entry that includes the latest data in the cache, generate a write back, and
update the data in memory before using it. When the caching area is updated by a device other
than the SH7727, invalidate the entry that includes the updated data in the cache.

5.4 Memory-Mapped Cache

To allow software management of the cache, cache contents can be read and written by means of
MOV instructions in the privileged mode. The cache is mapped onto the P4 area in logical address
space. The address array is mapped onto addresses H'F0000000 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 Address Array

The address array is mapped onto H'F0000000 to H'FOFFFFFF. To access an address array, the
32-bit address field (for read/write accesses) and 32-bit data field (for write accesses) must be
specified. The address field specifies information for selecting the entry to be accessed; the data
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field specifies the address, V bit, U bit, and LRU bits to be written to the address array ((1) in
figure 5.6).

In the address field, specify the entry address selecting the entry (bits 11 to 4), W for selecting the
way (bits 12 and 11: in normal mode (8-kbyte cache), 00 is way 0, 01 is way 1, 10 is way 2, and
11 is way 3), and H'FO to indicate address array access (bits 31 to 24).

When writing, specify bit 3 as the A bit. The A bit indicates whether addresses are compared
during writing. When the A bit is 1, the addresses of four entries selected by the entry addresses
are compared to the addresses to be written into the address array specified in the data field.
Writing takes place to the way that has a hit. When a miss occurs, nothing is written to the address
array and no operation occurs. The way number (W) specified in bits 12 and 11 is not used. When
the A bit is 0, it is written to the entry selected with the entry address and way number without
comparing addresses. The address specified by bits 31 to 10 in the data specification in figure 5.6
(1), address array access, is a logical address. When the MMU is enabled, the address is translated
into a physical address, then the physical address is used in comparing addresses when the A bit is
1. The physical address is written into the address array.

When reading, the address tag, V bit, U bit, and LRU bits of the entry specified by the entry
address and way number (W) are read using the data format shown in figure 5.6 without
comparing addresses. To invalidate a specific entry, specify the entry by its entry address and way
number, and write 0 to its V bit. To invalidate only an entry for an address to be invalidated,
specify 1 for the A bit.

When an entry for which 0 is written to the V bit has a U bit set to 1, it will be written back. This
allows coherency to be achieved between the external memory and cache by invalidating the
entry. However, when 0 is written to the V bit, 0 must also be written to the U bit of that entry.

In the SH7727, the upper 3 bits of the 32-bit physical address are treated as a shadow field (see
section 12, Bus State Controller (BSC)). Therefore, when a cache miss occurs, 0 is stored in the
upper 3 bits of the address array address tag.

When using an MOV instruction to modify the address array directly, a nonzero value must not be
written to the upper 3 bits of the address tag.

5.4.2 Data Array

The data array is mapped onto H'F1000000 to HF1FFFFFF. To access a data array, the 32-bit
address field (for read/write accesses) and 32-bit data field (for write accesses) must be specified.
The address field specifies information for selecting the entry to be accessed; the data field
specifies the longword data to be written to the data array ((2) in figure 5.6).
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Specify the entry address for selecting the entry (bits 11 to 4), L indicating the longword position
within the (16-byte) line (bits 3 and 2: 00 is longword 0, 01 is longword 1, 10 is longword 2, and
11 is longword 3), W for selecting the way (bits 12 and 11: in normal mode, 00 is way 0, 01 is
way 1, 10 is way 2, and 11 is way 3), and H'F1 to indicate data array access (bits 31 to 24).

Both reading and writing use the longword of the data array specified by the entry address, way
number and longword address. The access size of the data array is fixed at longword.

1. Address array access

Address specification

Read access

31 24 23 14 13 12 11 3 2 0
[ 1111 0000 R * w Entry o] * o 0
Write access
31 24 23 14 13 12 11 3 2 0
[ 1111 0000 PO * w Entry [A] « 0 0
Data specification
31 30 29 10 9 3 2 1 0
[o]o]o] Address tag (31-10) | LRU X X | ul v|
2. Data array access (both read and write accesses)
Address specification
31 24 23 14 13 12 11 3 2 1 0
[ 11120001 | *oiio * W Entry L 0

Data specification
31

| Longword

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

Figure 5.6 Specifying Address and Data for Memory-Mapped Cache Access
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5.5 Usage Examples

5.5.1 Invalidating Specific Entries

Specific cache entries can be invalidated by writing 0 to the entry’s V bit. When the A bit is 1, the
address tag specified by the write data is compared to the address tag within the cache selected by
the entry address, and data is written when a match is found. If no match is found, there is no
operation. RO specifies the write data in RO and R1 specifies the address. When the V bit of an
entry in the address array is set to 0, the entry is written back if the entry’s U bit is 1.

RO=H 01100010; VPN=B' 0000 0001 0001 0000 0000 00, U=0, V=0
; Rl1=H FO000088; address array access, entry=B 00001000, A=1

MOV. L RO, @Rl

5.5.2 Reading the Data of a Specific Entry

This example reads the data section of a specific cache entry. The longword indicated in the data
field of the data array in figure 5.6 is read to the register. RO specifies the address and R1 is read.

; R1=H F100 004C, data array access, entry=B" 00000100, Way = O,
| ongword address = 3

MOV.L @0,Rl ; Longword 3 is read.
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Section 6 X/Y Memory

6.1 Overview

The SH7727 has on-chip X-RAM and Y-RAM. It can be used by CPU, DSP and DMAC to store
instructions or data.

6.1.1 Features
The X/Y Memory features are listed in table 6.1.

Table 6.1 X/Y Memory Specifications

Parameter Features
Addressing User selectable mapping mechanism
method

¢ Fixed mapping for mission-critical realtime applications (P2/Uxy area)
e Automatic mapping through TLB for easy to use (P0/P3/UQ area)

Ports 3 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

8-/16-/32-bit access from the DMAC

Size 8-kbyte RAM for X and Y memory each
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6.2 X/’Y Memory Access from the CPU

The X/Y memory can be located in either map-enabled area or fixed-mapped area, depending on
the mode bit (MD) and DSP bit (DSP) setting in the status register (SR). Figure 6.1 shows X/Y
memory logical mapping.

1. Privileged Mode

MD = 1, DSP = 0; Any physical address in space PO or P3 can map to X/Y memory through
TLB translation. Addresses ranging from H'A500 0000 to H'ASFF FFFF in the P2 space can
also fixed map to X/Y memory. Since the DSP extension is 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 UO space can access X/Y memory through TLB
translation. Any access to addresses beyond the U0 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 address in space PO or P3 can map to X/Y memory through
TLB translation. Addresses ranging from H'A500 0000 to H'ASFF FFFF in the P2 space can
also fixed-map to X/Y memory. Since the DSP extension is enabled, the DSP instruction set
and registers are available to the programmer.

4. User-DSP Mode

MD =0, DSP = 1; Any physical address in space U0 can map to X/Y memory through TLB
translation. Addresses ranging from H'A500 0000 to H'ASFF FFFF in the Uxy spaces can also
fixed map to X/Y memory. Any access to outside of 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.

It is recommended that for the mappable area, the C (cacheable) bit in the TLB entry must be set
to 0 to guarantee a two-cycle access.

Mapping through TLB translation provides a flexible X/Y memory addressing scheme but takes
two cycles even when the C bit in the TLB entry is 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.
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The X/Y memory resides on the second 16 MB of physical address space area 1, from H'A500
0000 to H'ASFF FFFF. These 16-MB address spaces are shadowed and maps to the same 128-
kbyte X/Y ROM/RAM. Figures 6.1 and 6.2 show X/Y memory physical mapping.

MD=1,DSP =0

Privileged mode

PO

Same as SH-3
In MD =1, CPU can
change DSP bit

P1

P2

P3

P4

MD=0,DSP =0

User mode

uo

Address error

Same as SH-3
In MD = 0, user cannot
change DSP bit

MD=1,DSP=1

Privileged DSP mode

PO

In MD =1, CPU can
change DSP bit

L x I v

/ Address range

From H'A500 0000

To H'ASFF FFFF

MD=0,DSP=1

User DSP mode

uo

Address error

Address error

Lx I v |

/ Uxy: Address range

From H'A500 0000
To H'ASFF FFFF

Figure 6.1 X/Y Memory Logical Address Mapping
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Area 1, 64 Mbytes 128-kbyte X/Y Memory
4000000 A5000000
I/O register space X-ROM/X-RAM
16 Mbytes Reserved space
A5007000 ‘b
5000000 X-RAM, 8 kbytes
5020000 A5008FFF
Reserved
XIY Memory space X-ROM/X-RAM
16 Mbytes Reserved space
6000000 A5010000
Y-ROM/Y-RAM
Reserved space
Reserved area A5017000 V-RAM. 8 Kbt
- , es
32 Mbytes A5018FFF y
Y-ROM/Y-RAM
Reserved space
TFFFFFF
A501FFFF

Figure 6.2 X/Y Memory Physical Address Mapping

6.3 X/’Y Memory Access from the DSP

The X/Y memory can be accessed by the DSP through the X bus and Y bus. Accesses via the 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 bus and Y bus cannot be specified simultaneously.

6.4 X/’Y Memory Access from the DMAC

The X/Y memory also exists on the I bus and can be accessed by the DMAC. The DMAC access
is 8-/16-/32-bit unit. If the I bus accesses X/Y memory simultaneously with an access from X
bus/Y bus or L bus, the I bus master has a higher priority.

To access the X/Y memory by the DMAC, the physical address from H’05000000 to H’0501FFFF
should be used.
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Section 7 Interrupt Controller (INTC)

7.1 Overview

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

7.1.1 Features
INTC has the following features:

* 16 levels of interrupt priority can be set: By setting the five interrupt-priority registers, the
priorities of on-chip supporting module, IRQ, and PINT interrupts can be selected from 16
levels for individual request sources.

* NMI noise canceller function: NMI input-level bit indicates NMI pin states. By reading this bit

in the interrupt exception service routine, the pin state can be checked, enabling it to be used as
a noise canceller.
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7.1.2

Block Diagram

Figure 7.1 is a block diagram of the INTC.

|
|
|
NMI ] |
- |
IRL3 to TRLO —i7f> Input N !
IRQO to IRQ5 —.—»64> control > I
PINTO to PINT15 :—»164> |
! Com : Interrupt
- |
DMAC (Interrupt request) . parator || request
SIOF (Interrupt request) | |
Interrupt request 4 !
sciF —{Internupt request) > Hia[12]1]io]
scl (Interrupt request) N |
Interrupt request g iori |
Apc ¢ pt request) »|  Priority | cPU
T™MU (Interrupt request) | identifier |
RTC (Interrupt request) | « (Interrupt request) PCC
WDT (Interrupt request) | B (Interrupt request) | ~ne
Rep _(nterrupt request) | < (Interrupt request) g1
(refresh request) o « (Interrupt request) \;qpp
H-UDI (Interrupt request) , < (Interrllth request) AFE
|
: .
. I .
| |
| |
| |
| |
' e ] '
BRI = ] :
|
: IPRA to IPRG |
| |
| | [%)
| | >
! D D I =
| ]
| < _ Bus g
I interface Q
| c
b INTC — -
Legend:
TMU:  Timer unit DMAC: Direct memory access controller
RTC: Realtime clock unit ADC: Analog-to-digital converter
SCI:  Serial communication interface H-UDI:  Hitachi user-debugging interface
SCIF:  Serial communication interface (with FIFO) PCC: PCMCIA controller
WDT: Watchdog timer LCDC: LCD controller
REF: Refresh requests in the bus state controller USBH: USB host
ICR: Interrupt control register USBF: USB function controller
IPRAto IPRG: Registers A-E for setting the interrupt AFE: AFE interface
proprity levels SIOF:  Serial IO
SR:  Status register

Figure 7.1 INTC Block Diagram
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7.1.3 Pin Configuration
Table 7.1 lists the INTC pin configuration.

Table 7.1  Pin Configuration

Name Abbreviation 110 Description

Nonmaskable interrupt input ~ NMI | Input of interrupt request signal, which

pin is nonmaskable by SR.IMASK

Interrupt input pins IRQ5 to IRQO | Input of interrupt request signals, which
IRL3 to IRLO is maskable by SR.IMASK

Port interrupt input pins PINTO to PINT15 | Port input of interrupt request signals,

which is maskable by SR.IMASK

7.1.4 Register Configuration

The INTC has 17 registers listed in table 7.2.
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Table 7.2  Register Configuration

Initial Access
Name Abbr. RW  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)*
Interrupt control register 3 ICR3 R/W H'0000 H'04000228 16
(H'A4000228)**
PINT interrupt enable register PINTER R/W H'0000  H'04000014 16
(H'A4000014)*
Interrupt priority level setting register A IPRA R/W H'0000 H'FFFFFEE2 16
Interrupt priority level setting register B IPRB R/W H'0000 H'FFFFFEE4 16
Interrupt priority level setting register C  IPRC R/W H'0000  H'04000016 16
(H'A4000016)**
Interrupt priority level setting register D IPRD R/W H'0000  H'04000018 16
(H'A4000018)**
Interrupt priority level setting register E  IPRE R/W H'0000  H'0400001A 16
(H'A400001A)*
Interrupt priority level setting register F IPRF R/W H'0000  H'04000220 16
(H'A4000220)**
Interrupt priority level setting register G IPRG R/W H'0000 H'04000222 16
(H'A4000222)*
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)**
Interrupt request register 3 IRR3 R H'00 H'04000224 16
(H'A4000224)*
Interrupt request register 4 IRR4 R H'00 H'04000226 16
(H'A4000226)*

Notes: 1. Initialized by a power-on or manual reset.

2. H'8000 when the NMI pin is at high level. H'0000 when the NMI pin is at low level.
3. When address translation by the MMU does not apply, the address in parentheses

should be used.
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7.2 Interrupt Sources

There are five types of interrupt sources: NMI, IRQ, IRL, PINT, and on-chip supporting modules.
Each interrupt has priority levels (0 to 16) with 0 the lowest and 16 the highest. Priority level 0
masks an interrupt.

7.2.1 NMI Interrupts

The NMI interrupt has the highest priority level of 16. When the BLMSK bit of the interrupt
control register (ICR1) is 1 or the BL bit of the status register (SR) is 0, NMI interrupts are
accepted when the MAI bit of the ICR1 register is 0. NMI interrupts are edge-detected. In sleep or
standby mode, the interrupt is accepted regardless of the BL. The NMI edge select bit (NMIE) in
the interrupt control register 0 (ICRO) is used to select either the rising or falling edge. When the
NMIE bit of the ICRO register is changed, the NMI interrupt is not detected for 20 cycles after
changing the ICRO.NMIE to avoid a false detection of the NMI interrupt. NMI interrupt exception
handling does not affect the interrupt mask level bits (I3 to 10) in the status register (SR).

When the BLMSK bit of the ICR1 register is set to 1 and only NMI interrupts are accepted, the
SPC register and SSR register are updated by the NMI interrupt handler, making it impossible to
return to the original processing from exception handling initiated prior to the NMI. Use should
therefore be restricted to cases where return is not necessary.

It is possible to wake the chip up from the standby state with an NMI interrupt (except when the
MAI bit of the ICR1 register is set to 1).

7.2.2 IRQ Interrupt

IRQ interrupts are input by priority from pins IRQO to IRQS5 with a level or an edge. The priority
level can be set by priority setting registers C, D (IPRC, IPRD) in a range from levels 0 to 15.

When using edge sensing for IRQ interrupts, do the following to clear IRO0.

To clear bits IRQ5R to IRQOR to 0, read from IRRO before writing. After confirming that the bits
to be cleared to 0 are set to 1, write O to them. In this case write 0 only to the bits to be cleared;
write 1 to the other bits. The values of the bits to which 1 is written do not change.

When level sensing is used for IRQ interrupts, bits IRQ5R to IRQOR indicate whether or not an
interrupt request has been input. They can be set and cleared by the values input to pins IRQ5R to
IRQOR alone.
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When the ICRI1 register is rewritten, IRQ interrupts may be mistakenly detected, depending on the
pin states. To prevent this, rewrite the register while interrupts are masked, then release the mask
after clearing the illegal interrupt by writing 0 to interrupt request register 0 (IRRO).

It is necessary for an edge input interrupt detection to input a pulse width more than two-cycle
width by P clock basis.

With level detection, the level must be maintained until the interrupt is accepted and the CPU
starts interrupt handling.

The interrupt mask bits (I3 to 10) of the status register (SR) are not affected by IRQ interrupt
processing.

Interrupts IRQS5 to IRQO can be used to wake the chip up from the software standby mode (but
only when the RTC 32 kHz oscillator is used).

In this case, the priority level of the interrupt to be used must be higher than the level of bits I3 to
10 in the SR register.

Notes: The following cautions apply when IRQ edge detection is used:

1. Ifan IRQ edge is input immediately before the CPU enters the standby mode (between
when the CPU executes the SLEEP instruction and when STATUSO goes high), the
interrupt may not be detected properly. After this, if the IRQ edge is input again after
STATUSO goes high, the interrupt will be detected.

2. Ifan IRQ edge is input while the frequency is changing due to a change in the value of
the STC bit in the FRQCR register (during the count by WDT), the interrupt may not
be detected properly. If the IRQ edge is input again after the WDT count completes,
the interrupt will be detected.

7.2.3 IRL Interrupts

IRL interrupts are input by level at pins IRL3 to IRLO. The priority level is the higher level
indicated by pins IRL3 to IRLO. An IRL3 to IRLO value of 0 (0000) indicates the highest-level
interrupt request (interrupt priority level 15). A value of 15 (1111) indicates no interrupt request
(interrupt priority level 0). Figure 7.2 shows an example of an IRL interrupt connection. Table 7.3
shows IRL pins and interrupt levels.
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SH7727
—_— ]
_
Interrupt  ——————®=1 Prionity 1, % | [R50 1RO
request ———— p=| encoder _
IRL3 to IRLO

Figure 7.2 Example of IRL Interrupt Connection

Table 7.3  IRL3 to IRLO Pins and Interrupt Levels

IRL3 IRL2 IRL1 IRLO Interrupt Priority Level Interrupt Request

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

A noise-cancellation feature is built in, and the IRL interrupt is not detected unless the levels
sampled at every supporting module cycle remain unchanged for two consecutive cycles, so that
no transient level on the IRL pin change is detected. In the standby mode, as the peripheral clock
is stopped, noise cancellation is performed using the 32-kHz clock for the RTC instead. Therefore
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when the RTC is not used, interruption by means of IRL interrupts cannot be performed in standby
mode.

The priority level of the IRL interrupt must not be lowered unless the interrupt is accepted and the
interrupt processing starts. 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 (I3 to 10) in the status register (SR) are not affected by IRL interrupt
processing.

7.2.4 PINT Interrupt

PINT interrupts are input by priority from pins PINTO to PINT15 with a level. The priority level
can be set by priority setting registers D (IPRD) in a range from levels 0 to 15, in the unit of
PINTO to PINT7 or PINT8 to PINT15.

The PINT interrupt level should be held until the interrupt is accepted and interrupt handling is
started.

The interrupt mask bits (I3 to 10) of the status register (SR) are not affected by PINT interrupt
processing.

PINT interrupts can wake the chip up from the standby state when the relevant interrupt level is
higher than I3 to 10 in the SR register (but only when the RTC 32-kHz oscillator is used).

7.2.5 On-Chip Supporting Module Interrupts
On-chip supporting module interrupts are generated by the following fourteen modules:

¢ Timer unit (TMU)

¢ Realtime clock (RTC)

e Serial communication interface (SCI, SCIF)
¢ Bus state controller (BSC)

e Watchdog timer (WDT)

* Direct memory access controller (DMAC)

* Analog-to-digital converter (ADC)

e PC Card controller (PCC)

e OHCI compliant USB HOST controller (USBH)
e USB function controller (USBF)

e AFE interface (AFEIF)
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¢ LCD controller (LCDC)
* Hitachi user-debugging interface (H-UDI)
 Serial IO (SIOF)

Not every interrupt source is assigned a different interrupt vector. Sources are reflected on the
interrupt event register INTEVT and INTEVT?2). It is easy to identify sources by using the values
of the INTEVT or INTEVT2 register as branch offsets.

The priority level (from 0 to 15) can be set for each module except for H-UDI by writing to the
interrupt priority setting registers A to G (IPRA to IPRG). The priority level of H-UDI interrupt is
15 (fixed).

The interrupt mask bits (I3 to 10) of the status register are not affected by the on-chip supporting
module interrupt processing.

TMU and RTC interrupts can wake the chip up from the standby state when the relevant interrupt
level is higher than I3 to I0 in the SR register (but only when the RTC 32-kHz oscillator is used).

7.2.6 Interrupt Exception Handling and Priority

Tables 7.4 and 7.5 list the codes for the interrupt event register INTEVT and INTEVT2), and the
order of interrupt priority. Each interrupt source is assigned unique code. The start address of the
interrupt service routine is common to each interrupt source. This is why, for instance, the value of
INTEVT or INTEVT2 is used as offset at the start of the interrupt service routine and branched to
identify the interrupt source.

The order of priority of the on-chip supporting module, IRQ, and PINT interrupts is set within the
priority levels 0 to 15 at will by using the interrupt priority level set to registers A to G (IPRA to
IPRG). The order of priority of the on-chip supporting module, IRQ, and PINT interrupts is set to
zero by RESET.

When the order of priorities for multiple interrupt sources are set to the same level and such
interrupts are generated at the same time, they are processed according to the default order listed
in tables 7.4 and 7.5.

Rev. 5.00 Dec 12, 2005 page 173 of 1034
REJ09B0254-0500
RENESAS



Section 7 Interrupt Controller (INTC)

Table 7.4  Interrupt Exception Handling Sources and Priority IRQ Mode)
Priority
Interrupt within IPR
INTEVT Code Priority IPR (Bit Setting Default

Interrupt Source (INTEVT2 Code) (Initial Value) Numbers) Unit Priority
NMI H'1CO0 (H'1C0) 16 — — High
H-UDI H'5E0 (H'5E0) 15 — — I
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'200-3CO0* (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

DEN H'200-3C0* (H'820)

DEI2 H'200-3C0* (H'840) I

DEI3 H'200-3C0* (H'860) 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) —
LCDC LCDCI H'200-3C0* (H'9A0) 0-15 (0) IPRF(11-8) —
SIOF SIFERI H'200-3C0* (H'B0O0) 0-15 (0) IPRF(3-0) High

SIFTXI H'200-3C0* (H'B20) 0-15 (0)

SIFRXI H'200-3C0* (H'B40) 0-15 (0) I

SIFCCI H'200-3C0* (H'B60) 0-15 (0) Low
USBH USBHI H'200-3C0* (H'A00) 0-15 (0) IPRG(15-12) —
USBF USBFI0 H'200-3C0* (H'A20) 0-15 (0) IPRG(11-8)  High

USBFI1 H'200-3C0* (H'A40) 0-15(0) IPRG(7-4) Low v
AFEIF  AFEIFI H'200-3C0* (H'A 60) 0-15 (0) IPRG(3-0) — Low
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Priority
Interrupt within IPR
INTEVT Code Priority IPR (Bit Setting Default
Interrupt Source (INTEVT2 Code) (Initial Value) Numbers) Unit Priority
PCCO PCOSWIR H200-3C0* (H'9C0) 0-15 (0) IPRF(7—4) High High
PCOIRIR  H'200-3CO0* (H'9C0) 0-15(0) 4 1
PCOSCIR H200-3C0* (H'9C0) 0-15 (0)
PCOCDIR H'200-3CO0* (H'9C0) 0-15(0)
PCORCIR H200-3C0* (H'9C0) 0-15 (0)
PCOBWIR H'200-3CO0* (H'9C0) 0-15(0) v
PCOBDIR  H200-3CO0* (H'9C0) 0-15 (0) Low
TMUO TUNIO H'400 (H'400) 0-15 (0) IPRA (15-12) —
TMU1 TUNN H'420 (H'420) 0-15 (0) IPRA (11-8) —
TMU2 TUNI2 H'440 (H'440) 0-15 (0) IPRA (7-4) —
RTC ATI H'480 (H'480) 0-15 (0) IPRA (3-0) High
PRI H'4A0 (H'4A0) i
CUl H'4CO0 (H'4CO0) Low
SCI0 ERI H'4E0 (H'4EO0) 0-15 (0) IPRB (7-4) High
RXI H'500 (H'500)
TXI H'520 (H'520) I
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 v
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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Table 7.5  Interrupt Exception Handling Sources and Priority (IRL Mode)
Interrupt Priority
Priority within IPR
INTEVT Code (Initial  IPR (Bit Setting Default

Interrupt Source (INTEVT2 Code) Value)  Numbers) Unit Priority
NMI H'1CO0 (H'1C0) 16 — — High
H-UDI H'5E0 (H'5E0) 15 — — 1
IRL TRL(3:0) = 0000 H'200 (H'200) 15 — —

IRL(3:0) =0001 H™220 (H'220) 14 — —

IRL(3:0) =0010 H'240 (H240) 13 — —

IRL(3:0) =0011 H'260 (H'260) 12 — —

IRL(3:0) =0100 H'280 (H'280) 11 — —

IRL(3:0) =0101 H'2A0 (H2A0) 10 — —

IRL(3:0) =0110 H2CO0 (H'2C0) 9 — —

IRL(3:0) =0111 H2E0 (H'2E0) 8 — —

IRL(3:0) =1000 H'300 (H'300) 7 — —

IRL(3:0) =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'3CO0 (H'3C0) 1 — —
IRQ IRQ4 H'200-3CO0* (H'680) 0-15(0) IPRD (3-0) —

IRQ5 H'200-3C0* (H'6A0) 0-15(0) IPRD (7-4) —
PINT PINTO-7 H'200-3C0* (H'700) 0-15(0) IPRD (15-12) —

PINT8-15 H'200-3C0* (H'720) 0-15(0) IPRD (11-8) —
DMAC DEIO H'200-3C0* (H'800) 0-15(0) IPRE (15-12) High

DEN H'200-3C0* (H'820)

DEI2 H'200-3C0* (H'840) I

DEI3 H'200-3C0* (H'860) Low
SCIF ERI2 H'200-3C0* (H'900) 0-15(0) IPRE (7-4) High

RX12 H'200-3C0* (H'920)

BRI2 H'200-3C0* (H'940) I v

TXI2 H'200-3C0* (H'960) Low Low
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Interrupt Priority
Priority within IPR
INTEVT Code (Initial IPR (Bit Setting Default

Interrupt Source (INTEVT2 Code) Value) Numbers) Unit Priority
ADC ADI H'200-3C0* (H'980) 0-15(0) IPRE (3-0) — High
LCDC LCDCI H'200-3C0* (H'9A0) 0-15(0) IPRF (11-8) — *
SIOF SIFERI H'200-3C0* (H'B00) 0-15(0) IPRF (3-0) High

SIFTXI H'200-3C0* (H'B20) 0-15 (0)

SIFRXI H'200-3C0* (H'B40) 0-15 (0) I

SIFCCI H'200-3C0* (H'B60) 0-15 (0) Low
USBH  USBHI H'200-3C0* (H'A00) 0-15(0) IPRG (15-12) —
USBF  USBFIO H'200-3C0* (H'A20) 0-15(0) IPRG (11-8) High

USBFI1 H'200-3C0* (H'A40) 0-15(0) IPRG (7-4) Low
AFEIF  AFEIFI H'200-3C0* (H'A60) 0-15(0) IPRG (3-0) —
PCCO  PCOSWIR H'200-3C0* (H'9C0) 0-15(0) IPRF (7-4) High

PCOIRIR H'200-3CO0* (H'9C0) 0-15 (0) +

PCOSCIR H'200-3C0* (H'9C0) 0-15 (0)

PCOCDIR H'200-3CO0* (H'9C0) 0-15 (0)

PCORCIR H'200-3CO0* (H'9C0) 0-15 (0)

PCOBWIR H'200-3CO0* (H'9C0) 0-15 (0) v

PCOBDIR H'200-3C0* (H'9C0) 0-15 (0) Low
TMUO  TUNIO H'400 (H'400) 0-15(0) IPRA (15-12) —
TMU1  TUNN H'420 (H'420) 0-15(0) IPRA(11-8) —
TMU2  TUNI2 H'440 (H'440) 0-15(0) IPRA (7-4) —
RTC ATI H'480 (H'480) 0-15(0) IPRA (3-0) High

PRI H'4A0 (H'4A0) ¢

CUI H'4C0 (H'4CO0) Low
SCI0 ERI H'4E0 (H'4EO0) 0-15(0) IPRB (7-4) High

RXI H'500 (H'500)

TXI H'520 (H'520) I

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 v

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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Table 7.6  Interrupt Level and INTEVT Code

Interrupt level INTEVT Code
15 H'200
14 H'220
13 H'240
12 H'260
11 H'280
10 H'2A0
9 H'2C0
8 H'2E0
7 H'300
6 H'320
5 H'340
4 H'360
3 H'380
2 H'3A0
1 H'3C0
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7.3 INTC Registers

7.3.1 Interrupt Priority Registers A to G (IPRA to IPRG)

Interrupt priority registers A to G (IPRA to IPRG) are 16-bit read/write registers that set priority
levels from 0 to 15 for on-chip supporting module, IRQ, and PINT interrupts. These registers are
initialized to H'0000 at power-on reset, and manual reset, but are not initialized in standby mode.

Bit: 15 14 13 12 11 10 9 8

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

Bit: 7 6 5 4 3 2 1 0

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

Table 7.7 lists the relationship between the interrupt sources and the IPRA to IPRG bits.

Table 7.7  Interrupt Request Sources and IPRA to IPRG

Register Bits 15 to 12 Bits 11 to 8 Bits 7 to 4 Bits 3to 0
IPRA TMUO TMU1 TMU2 RTC

IPRB WDT REF SCI Reserved*
IPRC IRQ3 IRQ2 IRQ1 IRQO
IPRD PINTO to PINT7  PINT8 to PINT15 IRQ5 IRQ4
IPRE DMAC Reserved* SCIF ADC

IPRF Reserved* LCDC PCCO SIOF
IPRG USBH USBFO USBF1 AFEIF

Note: * Always read as 0. Only 0 should be written in.

As listed in table 7.7, four sets of on-chip supporting modules or IRQ or PINT interrupts are
assigned to each register. 4-bit groups (bits 15 to 12, bits 11 to 8, bits 7 to 4, and bits 3 to 0) are set
with values from H'0 (0000) to H'F (1111). Setting H'0 means priority level 0 (masking is
requested); H'F is priority level 15 (the highest level). A reset initializes IPRA to IPRG to H'0000.
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7.3.2 Interrupt Control Register 0 (ICR0)

The ICRO is a register that sets the input signal detection mode of the external interrupt input pin
NMI and indicates the input signal level to the NMI pin. This register is initialized to H'0000 or
H'8000 at 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
R/W: R R/W
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

Note: * When NMI input is high: 1; when NMI input is low: 0.

Bit 15—NMI Input Level (NMIL): Sets the level of the signal input at the NMI pin. This bit can

be read to determine the NMI pin level. This bit cannot be modified.

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

Bit 8—NMI Edge Select (NMIE): Selects whether the falling or rising edge of the interrupt

request signal to the NMI is detected.

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

Bits 14 to 9 and 7 to 0—Reserved: These bits are always read as 0. The write value should

always be 0.
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7.3.3 Interrupt Control Register 1 (ICR1)

The ICR1 is a 16-bit register that specifies the detection mode to external interrupt input pins,
IRQO to IRQ5 individually: rising edge, falling edge, or low level. This register, initialized to
H'4000 at power-on reset or manual reset, is not initialized in the standby mode.

Bit.: 15 14 13 12 11 10 9 8
\ MAI \ IRQLVL \ BLMSK \ — \ IRQ51S \ IRQ50S \ IRQ41S \ IRQ40S ]
Initial value: 0 1 0 0 0 0 0 0
RW: RW RW  RW — RW RW RW RW
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

RW: RW RW RW RW RW RW RW RW

Bit 15—Mask All Interrupts (MAI): Masks NMI interrupts in standby mode when set to 1. Also
selects whether or not all interrupt requests are masked when a low level is being input to the NMI

pin.

Bit 15: MAI Description

0 All interrupt requests are not masked while NMI pin is receiving low-level input
(Initial value)

1 All interrupt requests are masked while NMI pin is receiving low-level input

Bit 14—Interrupt Request Level Detect IRQLVL): Selects whether the IRQ3 to IRQO pins are
used as four independent interrupt pins or as 15-level interrupt pins encoded as IRL3 to IRLO.

Bit 14: IRQLVL Description
0 Used as four independent interrupt request pins IRQ3 to IRQO

1 Used as encoded 15-level interrupt pins as IRL3 to IRLO (Initial value)

Bit 13—BL Bit Mask (BLMSK): Specifies whether NMI interrupts are masked when the BL bit
of the SR register is 1.
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Bit 13: BLMSK Description

0 NMI interrupts are masked when the BL bit is 1 (Initial value)

1 NMI interrupts are accepted regardless of the BL bit setting

Bit 12—Reserved: This bit is always read as 0. The write value should always be 0.

Bits 11 and 10—IRQ5 Sense Select (IRQ51S and IRQ50S): Select whether the interrupt signal
to the IRQS pin is detected at the rising edge, at the falling edge, or at low level.

Bit 11: 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—IRQ4 Sense Select (IRQ41S and IRQ40S): Select whether the interrupt signal to
the IRQ4 pin is detected at the rising edge, at the falling edge, or at low level.

Bit 9: IRQ41S Bit 8: IRQ40S Description

0 0 An interrupt request is detected at IRQ4 input falling edge
(Initial value)

1 An interrupt request is detected at IRQ4 input rising edge
1 0 An interrupt request is detected at IRQ4 input low level
Reserved

Bits 7 and 6—IRQ3 Sense Select (IRQ31S and IRQ30S): Select whether the interrupt signal to
the IRQ3 pin is detected at the rising edge, at the falling edge, or at low level.

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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Bits 5 and 4—IRQ2 Sense Select (IRQ21S and IRQ20S): Select whether the interrupt signal to
the IRQ2 pin is detected at the rising edge, at the falling edge, or at low level.

Bit 5: IRQ21S Bit 4: IRQ20S Description

0 0 An interrupt request is detected at IRQ2 input falling edge
(Initial value)

1 An interrupt request is detected at IRQ2 input rising edge
1 0 An interrupt request is detected at IRQ2 input low level
Reserved

Bits 3 and 2—IRQ1 Sense Select (IRQ11S and IRQ10S): Select whether the interrupt signal to
the IRQ1 pin is detected at the rising edge, at the falling edge, or at low level.

Bit 3: IRQ11S  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—IRQO0 Sense Select (IRQO01S and IRQO00S): Select whether the interrupt signal to
the IRQO pin is detected at the rising edge, at the falling edge, or at low level.

Bit 1: IRQ01S Bit 0: IRQ00S 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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7.3.4 Interrupt Control Register 2 (ICR2)

The ICR2 is a 16-bit read/write register that sets the detection mode to external interrupt input pins
PINTO to PINT15. This register is initialized to H'0000 at power-on reset or manual reset, but is
not initialized in standby mode.

Bitt 15 14 13 12 11 10 9 8
‘PINT158‘PINT14S‘PINT13S‘PINT14S‘PINT11S‘PINT1OS‘ PINT9S \ PINTSS ]
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
\ PINT7S \ PINT6S \ PINT5S \ PINT4S \ PINT3S \ PINT2S \ PINT1S \ PINTOS \
Initial value: 0 0 0 0 0 0 0 0

RW: RW RW RW RW RW RW RW RW

Bits 15 to 0—PINT15 to PINTO Sense Select (PINT15S to PINTO0S): Select whether interrupt
request signals to PINT15 to PINTO are detected at low levels or high levels.

Bits 15 to 0:
PINT15S to PINTO0S Description
0 Interrupt requests are detected at low level input to the PINT pins
(Initial value)
1 Interrupt requests are detected at high level input to the PINT pins
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7.3.5 Interrupt Control Register 3 (ICR3)

The ICR3 is a 16-bit read/write register that sets the mask to PC Card controller. This register is
initialized to H'0000 at power-on reset or manual reset, but is not initialized in standby mode.

Bitt 15 14 13 12 11 10 9 8
‘ — ‘PCOSWIM‘ PCOIRIM ‘PCOSCIM‘PCOCDIM‘PCORCIM‘PCOBWIM‘PCOBDIM‘
Initial value: 0 0 0 0 0 0 0 0

RW: RW RW RW RW RW RW RW RW

Bit: 7 6 5 4 3 2 1 0

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

Bit 15—Reserved: This bit is always read as 0. The write value should always be 0.

Bit 14—PCOSWIM: PC Card controller0 SWI mask.

Bit 14:

PCOSWIM Description

0 Interrupt requests is masked (Initial value)
1 Interrupt requests is not masked

Bit 13—PCOIRIM: PC Card controller0 IRI mask.

Bits 13:

PCOIRIM Description

0 Interrupt requests is masked (Initial value)
1 Interrupt requests is not masked

Bit 12—PCO0SCIM: PC Card controller0 SCI mask.

Bit 12:

PCO0SCIM Description

0 Interrupt requests is masked (Initial value)
1 Interrupt requests is not masked
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Bit 11—PCOCDIM: PC Card controller0 CDI mask.

Bit 11:

PCOCDIM Description

0 Interrupt requests is masked (Initial value)
1 Interrupt requests is not masked

Bit 10—PCORCIM: PC Card controller0 RCI mask.

Bit 10:

PCORCIM Description

0 Interrupt requests is masked (Initial value)
1 Interrupt requests is not masked

Bit 9—PCOBWIM: PC Card controller0 BWI mask.

Bit 9:

PCOBWIM Description

0 Interrupt requests is masked (Initial value)
1 Interrupt requests is not masked

Bit 8—PCOBDIM: PC Card controller0 BDI mask.

Bit 8:

PCOBDIM Description

0 Interrupt requests is masked (Initial value)
1 Interrupt requests is not masked

Bits 7 to 0— Reserved: These bits are always read as 0. The write value should always be 0.
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7.3.6 PINT Interrupt Enable Register (PINTER)

The PINTER is a 16-bit read/write register that enables interrupt requests input to external
interrupt input pins PINTO to PINT15. This register is initialized to H'0000 at power-on reset or
manual reset, but is not initialized in standby mode.

Bitt 15 14 13 12 11 10 9 8
‘PINT15E‘PINT14E‘PINT13E‘PINT12E‘PINT11E‘PINT1OE‘ PINTOE \ PINTSE ]
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
\ PINT7E \ PINT6E \ PINT5E \ PINT4E \ PINT3E \ PINT2E \ PINT1E \ PINTOE \
Initial value: 0 0 0 0 0 0 0 0

RW: RW RW RW RW RW RW RW RW

Bits 15 to 0—PINT15 to PINTO Interrupt Enable (PINT15E to PINTOE): Enable whether the
interrupt requests input to the PINT15 to PINTO pins.

Bits 15 to 0:

PINT15E to PINTOE Description

0 Disables PINT input interrupt requests (Initial value)
1 Enables PINT input interrupt requests

When all or some of these pins, PINTO to PINT15 are not used as an interrupt input, a bit
corresponding to a pin unused as an interrupt request should be set to 0.

7.3.7 Interrupt Request Register 0 (IRR0)

The IRRO is an 8-bit register that indicates interrupt requests from external input pins IRQO to
IRQ5 and PINTO to PINT15. This register is initialized to H'00 at power-on reset or manual reset,
but is not initialized in standby mode.

Bit.: 7 6 5 4 3 2 1 0
‘PINTOR‘PINT1R‘ 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
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When using edge sensing for IRQ interrupts, do the following to clear IRO0.

To clear bits IRQ5R to IRQOR to 0, read from IRRO before writing. After confirming that the bits
to be cleared to 0 are set to 1, write O to them. In this case write 0 only to the bits to be cleared;
write 1 to the other bits. The values of the bits to which 1 is written do not change.

When level sensing is used for IRQ interrupts, bits IRQ5R to IRQOR indicate whether or not an
interrupt request has been input. They can be set and cleared by the values input to pins IRQ5R to
IRQOR alone.

Bit 7—PINTO to PINT7 Interrupt Request (PINTOR): Indicates whether interrupt requests are
input to PINTO to PINT7 pins.

Bit 7: PINTOR Description
0 Interrupt requests are not input to PINTO to PINT7 pins (Initial value)

1 Interrupt requests are input to PINTO to PINT7 pins.

Bit 6—PINTS8 to PINT15 Interrupt Request (PINT1R): Indicates whether interrupt requests are
input to PINTS to PINT15 pins.

Bit 6: PINTIR Description
0 Interrupt requests are not input to PINT8 to PINT15 pins (Initial value)

1 Interrupt requests are input to PINT8 to PINT15 pins.

Bit 5—IRQS Interrupt Request (IRQ5R): Indicates whether an interrupt request is input to the
IRQS5 pin. When edge detection mode is set for IRQS5, an interrupt request is cleared by clearing
the IRQS5R bit.

Bit 5: IRQ5R Description

0 An interrupt request is not input to IRQ5 pin (Initial value)

1 An interrupt request is input to IRQ5 pin
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Bit 4—IRQ4 Interrupt Request (IRQ4R): Indicates whether an interrupt request is input to the
IRQ4 pin. When edge detection mode is set for IRQ4, an interrupt request is cleared by clearing
the IRQA4R bit.

Bit 4: IRQ4R Description

0 An interrupt request is not input to IRQ4 pin (Initial value)

1 An interrupt request is input to IRQ4 pin

Bit 3—IRQ?3 Interrupt Request (IRQ3R): Indicates whether an interrupt request is input to the
IRQ3 pin. When edge detection mode is set for IRQ3, an interrupt request is cleared by clearing
the IRQ3R bit.

Bit 3: IRQ3R Description

0 An interrupt request is not input to IRQ3 pin (Initial value)

1 An interrupt request is input to IRQ3 pin

Bit 2—IRQ?2 Interrupt Request (IRQ2R): Indicates whether an interrupt request is input to the
IRQ2 pin. When edge detection mode is set for IRQ2, an interrupt request is cleared by clearing
the IRQ2R bit.

Bit 2: IRQ2R Description

0 An interrupt request is not input to IRQ2 pin (Initial value)

1 An interrupt request is input to IRQ2 pin

Bit 1—IRQ1 Interrupt Request (IRQ1R): Indicates whether an interrupt request is input to the
IRQ1 pin. When edge detection mode is set for IRQ1, an interrupt request is cleared by clearing
the IRQ1R bit.

Bit 1: IRQ1R Description

0 An interrupt request is not input to IRQ1 pin (Initial value)

1 An interrupt request is input to IRQ1 pin

Bit 0—IRQO Interrupt Request (IRQOR): Indicates whether an interrupt request is input to the
IRQO pin. When edge detection mode is set for IRQO, an interrupt request is cleared by clearing
the IRQOR bit.
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Bit 0: IRQOR Description

0 An interrupt request is not input to IRQO pin (Initial value)

1 An interrupt request is input to IRQO pin

7.3.8 Interrupt Request Register 1 (IRR1)

The IRR1 is an 8-bit read-only register that indicates whether DMAC or interrupt requests are
generated. This register is initialized to H'00 at power-on reset or manual reset, but is not
initialized in standby mode.

Bit. 7 6 5 4 3 2 1 0
‘ — ‘ — ‘ — ‘ — ‘ DEI3R ‘ DEI2R ‘ DEIMR ‘ DEIOR ‘

Initial value: 0 0 0 0 0 0 0 0

RW: R R R R R R R R

Bits 7 to 4—Reserved: These bits are always read as 0. The write value should always be 0.

Bit 3—DEI3 Interrupt Request (DEI3R): Indicates whether a DEI3 (DMAC) interrupt request
is generated.

Bit 3: DEI3R Description

0 A DEI3 interrupt request is not generated (Initial value)

1 A DEI3 interrupt request is generated

Bit 2—DEI2 Interrupt Request (DEI2R): Indicates whether a DEI2 (DMAC) interrupt request
is generated.

Bit 2: DEI2R Description

0 A DEI2 interrupt request is not generated (Initial value)

1 A DEI2 interrupt request is generated

Bit 1—DEI1 Interrupt Request (DEI1R): Indicates whether a DEI1 (DMAC) interrupt request
is generated.

Bit 1: DEMR Description

0 A DEI1 interrupt request is not generated (Initial value)

1 A DEI interrupt request is generated
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Bit 0—DEIO Interrupt Request (DEIOR): Indicates whether a DEIO (DMAC) interrupt request
is generated.

Bit 0: DEIOR Description

0 A DEIO interrupt request is not generated (Initial value)

1 A DEIO interrupt request is generated

7.3.9 Interrupt Request Register 2 (IRR2)

The IRR2 is an 8-bit read-only register that indicates whether A/D converter, or SCIF interrupt
requests are generated. This register is initialized to H'00 at power-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

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 is
generated.

Bit 4: ADIR Description

0 An ADI interrupt request is not generated (Initial value)

1 An ADI interrupt request is generated

Bit 3—TXI2 Interrupt Request (TXI2R): Indicates whether a TXI2 (SCIF) interrupt request is
generated.

Bit 3: TXI2R Description

0 A TXI2 interrupt request is not generated (Initial value)

1 A TXI2 interrupt request is generated
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Bit 2—BRI2 Interrupt Request (BRI2R): Indicates whether a BRI2 (SCIF) interrupt request is
generated.

Bit 2: BRI2R Description

0 A BRI2 interrupt request is not generated (Initial value)

1 A BRI2 interrupt request is generated

Bit 1—RXI2 Interrupt Request (RXI2R): Indicates whether an RXI2 (SCIF) interrupt request is
generated.

Bit 1: RXI2R Description

0 An RXI2 interrupt request is not generated (Initial value)

1 An RXI2 interrupt request is generated

Bit 0—ERI2 Interrupt Request (ERI2ZR): Indicates whether an ERI2 (SCIF) interrupt request is
generated.

Bit 0: ERI2R Description
0 An ERI2 interrupt request is not generated (Initial value)

1 An ERI2 interrupt request is generated

7.3.10  Interrupt Request Register 3 (IRR3)

The IRR3 is a 16-bit read-only register that indicates whether PC Card controller, USB Controller
or LCDC interrupt requests are generated. This register is initialized to H'0000 at power-on reset
or manual reset, but is not initialized in standby mode.

Bit: 15 14 13 12 11 10 9 8
‘ LCDCIR ‘PCOSWIR‘ PCOIRIR ‘PCOSCIR‘PCOCDIR‘PCORCIR‘PCOBWIR‘ PCOBDIR‘
Initial value: 0 0 0 0 0 0 0 0
RW: R R R R R R R R
Bit: 7 6 5 4 3 2 1 0
‘USBHIR‘USBFOIR‘USBFHR‘ AFEIFIR‘ — ‘ — ‘ — ‘ — ‘
Initial value: 0 0 0 0 0 0 0 0
RW: R R R R
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Bit 15—LCDCI interrupt request (LCDCIR): Indicates whether a LCDCI (LCDC) interrupt
request is generated.

Bit 15: LCDCIR Description

0 A LCDCI interrupt request is not generated (Initial value)

1 A LCDCI interrupt request is generated

Bit 14—PCOSWI Interrupt Request (PCOSWIR): Indicates whether a PCOSWI (PCCO0)
interrupt request is generated.

Bit 14: PCOSWIR  Description
0 A PCOSWI interrupt request is not generated (Initial value)

1 A PCOSW!I interrupt request is generated

Bit 13—PCOIRI Interrupt Request (PCOIRIR): Indicates whether a PCOIREQ (PCCO) interrupt
request is generated.

Bit 13: PCOIRIR Description

0 A PCOIRI interrupt request is not generated (Initial value)

1 A PCOIRI interrupt request is generated

Bit 12—PCO0SCI Interrupt Request (PCOSCIR): Indicates whether a PCOSCI (PCCO) interrupt
request is generated.

Bit 12: PCOSCIR  Description

0 A PCOSCI interrupt request is not generated (Initial value)

1 A PCOSCI interrupt request is generated

Bit 11—PCOCDI Interrupt Request (PCOCDIR): Indicates whether a PCOCDI (PCCO) interrupt
request is generated.

Bit 11: PCOCDIR  Description

0 A PCOCDI interrupt request is not generated (Initial value)

1 A PCOCDI interrupt request is generated
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Bit 10—PCORCI Interrupt Request (PCORCIR): Indicates whether a PCORCI (PCCO) interrupt
request is generated.

Bit 10: PCORCIR  Description

0 A PCORCI interrupt request is not generated (Initial value)

1 A PCORCI interrupt request is generated

Bit 9—PCOBWI Interrupt Request (PCOBWIR): Indicates whether a PCOBWI (PCCO0)
interrupt request is generated.

Bit 9: PCOBWIR Description
0 A PCOBW!I interrupt request is not generated (Initial value)

1 A PCOBW!I interrupt request is generated

Bit 8—PCOBDI Interrupt Request (PCOBDIR): Indicates whether a PCOBDI (PCCO) interrupt
request is generated.

Bit 8: PCOBDIR Description

0 A PCOBDI interrupt request is not generated (Initial value)

1 A PCOBDI interrupt request is generated

Bit 7—USBHI Interrupt Request (USBHIR): Indicates whether a USBHI (USB Host) interrupt
request is generated.

Bit 7: USBHIR Description
0 A USBHI interrupt request is not generated (Initial value)
1 A USBHI interrupt request is generated

Bit 6—USBFOI Interrupt Request (USBFOIR): Indicates whether a USBFOI (USB function)
interrupt request is generated.

Bit 6: USBFOIR Description
0 A USBFOlI interrupt request is not generated (Initial value)

1 A USBFOI interrupt request is generated
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Bit 5—USBF1I Interrupt Request (USBF1IR): Indicates whether a USBF11 (USB function)
interrupt request is generated.

Bit 5: USBF1IR Description

0 A USBF 1l interrupt request is not generated (Initial value)

1 A USBF1l interrupt request is generated

Bit 4—AFEIFI Interrupt Request (AFEIFIR): Indicates whether a AFEIFI (AFE I/F) interrupt
request is generated.

Bit 4: AFEIFIR Description

0 An AFE I/F interrupt request is not generated (Initial value)

1 An AFE I/F interrupt request is generated

Bits 3 to 0—Reserved: These bits are always read as 0.

7.3.11 Interrupt Request Register 4 (IRR4)

The IRR4 is a 16-bit read-only register that indicates whether SIOF interrupt requests are
generated. This register is initialized to H'0000 at power-on reset or manual reset, but is not
initialized in standby mode.

Bit: 15 14 13 12 11 10 9 8
-l -1-71-71T-1=-71-=-7=1
Initial value: 0 0 0 0 0 0 0 0
R/W:
Bit: 7 6 5 4 3 2 1 0
‘ — \ — \ — \ — \ ERI \ I \ RXI \ ccl ]
Initial value: 0 0 0 0 0 0 0 0
R/W: R R R R R R R R

Bits 15 to 4—Reserved: These bits are always read as 0. The write value should always be 0.
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Bit 3—ERI Interrupt Request (ERI): Indicates whether a ERI (SIOF) interrupt request is
generated.

Bit 3: ERI Description
0 ERI interrupt request is not generated (Initial value)
1 ERI interrupt request is generated

Bit 2—TXI Interrupt Request (TXI): Indicates whether a TXI (SIOF) interrupt request is

generated.

Bit 2:TXI Description

0 TXl interrupt request is not generated (Initial value)
1 TXl interrupt request is generated

Bit 1—RXI Interrupt Request (RXI): Indicates whether a RXI (SIOF) interrupt request is
generated.

Bit 1: RXI Description
0 RXI interrupt request is not generated (Initial value)
1 RXI interrupt request is generated

Bit 0—CCI Interrupt Request (CCI): Indicates whether a CCI (CCI) interrupt request is
generated.

Bit 0: CClI Description
0 CCl interrupt request is not generated (Initial value)
1 CCl interrupt request is generated
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7.4 INTC Operation

7.4.1 Interrupt Sequence

The sequence of interrupt operations is explained below. Figure 7.3 is a flowchart of the
operations.

1. The interrupt request sources send interrupt request signals to the interrupt controller.

® W

The interrupt controller selects the highest priority interrupt from the interrupt requests sent,
following the priority levels set in interrupt priority registers A to G (IPRA to IPRG). Lower
priority interrupts are held pending. If two of these interrupts have the same priority level or if
multiple interrupts occur within a single module, the interrupt with the highest default priority
or the highest priority within its IPR setting unit (as indicated in tables 7.4 and 7.5) is selected.
The priority level of the interrupt selected by the interrupt controller is compared with the
interrupt mask bits (I3 to I0) in the status register (SR) of the CPU. If the request priority level
is higher than the level in bits I3 to 10, the interrupt controller accepts the interrupt and sends
an interrupt request signal to the CPU.

Detection timing: The INTC operates, and notifies the CPU of interrupt requests, in
synchronization with the peripheral clock (P@). The CPU receives an interrupt at a break in
instructions.

The interrupt source code is set in the interrupt event registers INTEVT and INTEVT2).

The status register (SR) and program counter (PC) are saved to SSR and SPC, respectively.
The block bit (BL), mode bit (MD), and register bank bit (RB) in SR are set to 1.

The CPU jumps to the start address of the interrupt handler (the sum of the value set in the
vector base register (VBR) and H'00000600). This jump is not a delayed branch. The interrupt
handler may branch with the INTEVT and INTEVT?2 register value as its offset in order to
identify the interrupt source. This enables it to branch to the processing routine for the
individual interrupt source.

Notes: 1. The interrupt mask bits (I3 to 10) in the status register (SR) are not changed by

acceptance of an interrupt in the SH7727.

2. The interrupt source flag should be cleared in the interrupt handler. To ensure that an
interrupt request that should have been cleared is not inadvertently accepted again, read
the interrupt source flag after it has been cleared, then wait for the interval shown in
table 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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Figure 7.3 Interrupt Operation Flowchart
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7.4.2 Multiple Interrupts

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

1. Branch to a specific interrupt handler corresponding to a code set in INTEVT and INTEVT2.
The code in INTEVT and INTEVT2 can be used as a branch-offset for branching to the
specific handler.

Clear the cause of the interrupt in each specific handler.

Save SSR and SPC to the memory.

Clear the BL bit in SR, and set the accepted interrupt level in the interrupt mask bits in SR.
Handle the interrupt.

A

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.

7.5 Interrupt Response Time

The time from generation of an interrupt request until interrupt exception handling is performed
and fetching of the first instruction of the exception handler is started (the interrupt response time)
is shown in table 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 an instruction that clears BL to 0.
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Table 7.8  Interrupt Response Time

Number of States

Item NMI IRQ PINT

Peripheral
Modules

Notes

Time for priority 0.5 x Icyc 0.5 x Icyc 0.5 x Icyc
decision and SR mask +0.5xBcyc + 1 xBcyc + 3.5 x Pcyc
bit comparison +0.5xPcyc +4.5x Pcyc*4

0.5 x Icyc
+1.5 x Pcyc™®

0.5 x Icyc

+ 3 x Pcyc™®

Wait time until end of X(=0)xlcyc X(=0)xlcyc X(=0)xIcyc
sequence being
executed by CPU

X (20) xlcyc

Interrupt exception
handling is kept
waiting until the
executing instruction
ends. If the number of
instruction execution
states is S*', the
maximum wait time is:
X=8-1.

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

Time from interrupt 5 x Icyc 5 x |cyc 5 x |cyc
exception handling

(save of SR and PC)

until fetch of first

instruction of

exception handler is

started

5 x lcyc
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Section 7 Interrupt Controller (INTC)

Number of States

Peripheral
Item NMI IRQ PINT Modules Notes
Response Total (5.5 +X) (5.5 +X) (5.5 +X) (55 +X)
time xlcyc+0.5 xlcyc+1 xlcyc+3.5 xlcyc+1.5
xBcyc+0.5 xBcyc+4.5 xPcyc™ x Pcyc™®
x Pcyc x Pcyc**
(5.5 + X)
xlcyc + 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 s
Maximum 8.5+ S 26.5+S 185+8S 10.5 + ™ At 60-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.

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, SCIF, LCDC, PCC, USB host, USB function, AFE interface

o oA wN
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Section 7 Interrupt Controller (INTC)

Interrupt Start of interrupt
acceptance processing

0.5 x Icyc

+ 0.5 x Beyc

+2xPcyc 5 x Ic ;

: yc '

IRL - >< >§
Instruction (instruction : :
replaced by interrupt | IF | ID | EX | EX | EX | EX

exception processing) !

Overrun fetch IE

First instruction of interrupt
handler

F b | ex

IF: Instruction fetch: Instruction is fetched from memory in which program is stored.
ID: Instruction decode: Fetched instruction is decoded.
EX: Instruction execution: Data operation and address calculation are performed in

accordance with result of decoding.

Figure 7.4 Example of Pipeline Operations when IRL Interrupt is Accepted
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Section 8 User Break Controller

8.1

Section 8 User Break Controller

Overview

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

8.1.1

Features

The UBC has the following features:

e The following break comparison conditions can be set.

Number of break channels: two channels (channels A and B)

User break can be requested as either the independent or sequential condition on channels A
and B (sequential break setting: channel A and, then channel B match with logical AND, but
not in the same bus cycle).

O

O
0
O
0

Address (Compares 40 bits comprised of a 32-bit logical address prefixed with an ASID
address

Comparison bits are maskable in 32-bit units, user can easily program it to mask addresses
at bottom 12 bits (4-k page), bottom 10 bits (1-k page), or any size of page, etc.

The 8-bit ASID checking is from MMU control to indicate hit or not hit.)

One of four address buses (CPU address bus (LAB), cache address bus (IAB),

X-memory address bus (XAB) and Y-memory address bus (YAB)) can be selected.

Data (only on channel B, 32-bit maskable)

One of the four data buses (CPU data bus (LDB), cache data bus (IDB), X-memory data
bus (XDB) and Y-memory data bus (YDB)) can be selected.

Bus master: CPU cycle or DMAC cycle
Bus cycle: instruction fetch or data access
Read/write

Operand size: byte, word, or longword

» User break is generated upon satisfying break conditions. A user-designed user-break
condition exception processing routine can be run.

* Inan instruction fetch cycle, it can be selected that a break is set before or after an instruction
is executed.
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Section 8 User Break Controller

+  Maximum repeat times for the break condition: 2'* — 1 times. (It is only for channel B)

* Eight pairs of branch source/destination buffers.

8.1.2 Block Diagram

Figure 8.1 is a block diagram of the UBC.

XAB/YAB
A\ IAB LAB MDB

A
. Access
* | comparator BBRA |————————— |
BARA
BAMRA
ASID

<]
comparator.} BASRA

r*+— Channel A

Access
Control A

A A
\

-

> Address
__ | comparator

i

Y

pocess |, ogrgle o
comparator EERE

> BARB
»| Address
comparator
> BAMRB
ASID

comparator\ BASRB [ ——————»

Data BDRB
| comparator

BDMRB
l«— Channel B BETR |« >

— BRSR
— BRDR

Y —| CONTROL <—>_<—>BRCR
i
\ Y
LDB/IDB/ User break request

"

» PC Trace

XDB/YDB CPU state
signals
[ uBC Location CCN Location
Legend
BBRA: Break bus cycle register A BASRB: Break ASID register B
BARA: Break address register A BDRB: Break data register B
BAMRA: Break address mask register A BDMRB: Break data mask register B
BASRA: Break ASID register A BETR: Break execution times register
BBRB: Break bus cycle register B BRSR: Branch source register
BARB: Break address register B BRDR: Branch destination register
BAMRB: Break address mask register B BRCR: Break control register

Figure 8.1 Block Diagram of User Break Controller
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Section 8 User Break Controller

8.1.3 Register Configuration
Table 8.1 Register Configuration

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 uUBC
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'FFFFFFAQ0 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 HFFFFFF94 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 UBC
register
Branch source register BRSR R Undefined* HFFFFFFAC 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/MW  Undefined H'FFFFFFE8 8 CCN

Notes: 1.
resets.

Initialized by power-on reset. Values held in standby state and undefined by manual

2. Bit 31 of BRSR and BRDR (valid flag) is initialized by power-on resets. But other bits

are not initialized.
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Section 8 User Break Controller

8.2 Register Descriptions

8.2.1 Break Address Register A (BARA)

Bit: 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

BAA | BAA | BAA | BAA | BAA | BAA | BAA | BAA | BAA | BAA | BAA | BAA | BAA | BAA | BAA | BAA
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

Initial value: 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
RW: RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW

Bit: 15 14 13 12 1 10 9 8 7 6 5 4 3 2 1 0

BAA | BAA | BAA | BAA | BAA | BAA | BAA | BAA | BAA | BAA | BAA | BAA | BAA | BAA | BAA | BAA
15 14 13 12 1 10 9 8 7 6 5 4 3 2 1 0

Initial value: 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
RW: RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW

BARA is a 32-bit read/write register. BARA specifies the address used as a break condition in
channel A. A power-on reset initializes BARA to H'00000000.

Bits 31 to 0—Break Address A31 to A0 (BAA31 to BAAO): Stores the address on the LAB or
IAB specifying break conditions of channel A.

8.2.2 Break Address Mask Register A (BAMRA)

Bit: 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

BAMA|BAMA BAMA BAMA|BAMA|BAMA BAMA BAMA| BAMA | BAMA BAMA |BAMA|BAMA  BAMA BAMA|BAMA
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

Initial value: 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
RW: RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW

Bit: 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

BAMA|BAMA BAMA BAMA|BAMA|BAMA BAMA BAMA| BAMA | BAMA BAMA |BAMA|BAMA  BAMA  BAMA|BAMA
15 14 13 12 1" 10 9 8 7 6 5 4 3 2 1 0

Initial value: 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
RW: RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW

BAMRA is a 32-bit read/write register. BAMRA specifies bits masked in the break address
specified by BARA. A power-on reset initializes BAMRA to H'00000000.
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Section 8 User Break Controller

Bits 31 to 0—Break Address Mask Register A31 to A0 (BAMA31 to BAMAUO): Specifies bits
masked in the channel A break address bits specified by BARA (BAA31 to BAAO).

Bits 31 to 0:
BAMAN Description
0 Break address bit BAAn of channel A is included in the break condition
(Initial value)
1 Break address bit BAAn of channel A is masked and is not included in the break
condition
n=31t00

8.2.3 Break Bus Cycle Register A (BBRA)

Bit: 15 14 13 12 1 10 9 8 7 6 5 4 3 2 1 0

‘ — ‘ — ‘ — ‘ — ‘ — ‘ — ‘ — ‘ — ‘CDA1‘CDAO‘IDA1‘IDAO‘RWA1‘RWAO‘SZA1‘SZAO‘
Initial value: 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

RW: R R R R R R R R RW RW RW RW RW RW RW RW

Break bus cycle register A (BBRA) is a 16-bit read/write register, which specifies (1) CPU cycle
or DMAC cycle, (2) instruction fetch or data access, (3) read or write, and (4) operand size in the
break conditions of channel A. A power-on reset initializes BBRA to H'0000.

Bits 15 to 8—Reserved: 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): Selects the CPU cycle or
DMAC cycle as the bus cycle of the channel A break condition.

Bit 7: CDA1 Bit 6: CDAO Description

0 0 Condition comparison is not performed (Initial value)
* 1 The break condition is the CPU cycle
1 0 The break condition is the DMAC cycle

Note: * Don’t care
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Section 8 User Break Controller

Bits 5 and 4—Instruction Fetch/Data Access Select A (IDA1, IDAO): Selects the instruction
fetch cycle or data access cycle as the bus cycle of the channel A break condition.

Bit 5: IDA1 Bit 4: IDAO Description

0 0 Condition comparison is not performed (Initial value)
1 The break condition is the instruction fetch cycle

1 0 The break condition is the data access cycle
1 The break condition is the instruction fetch cycle or data access

cycle

Bits 3 and 2—Read/Write Select A (RWA1, RWAO0): Selects the read cycle or write cycle as the
bus cycle of the channel A break condition.

Bit 3: RWA1 Bit 2: RWAO Description

0 0 Condition comparison is not performed (Initial value)
1 The break condition is the read cycle

1 0 The break condition is the write cycle
1 The break condition is the read cycle or write cycle

Bits 1 and 0—Operand Size Select A (SZA1, SZAO0): Selects the operand size of the bus cycle
for the channel A break condition.

Bit 1: SZA1 Bit 0: SZA0 Description

0 0 The break condition does not include operand size
(Initial value)

The break condition is byte access

1 0 The break condition is word access

The break condition is longword access
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Section 8 User Break Controller

8.2.4 Break Address Register B (BARB)

Bit: 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

BAB | BAB | BAB | BAB | BAB | BAB | BAB | BAB | BAB | BAB | BAB | BAB | BAB | BAB | BAB | BAB
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

Initial value: 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
RW: RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW

Bit: 15 14 13 12 1 10 9 8 7 6 5 4 3 2 1 0

BAB
15

BAB
14

BAB
13

BAB
12

BAB
1"

BAB
10

BAB
9

BAB
8

BAB
7

BAB
6

BAB
5

BAB
4

BAB
3

BAB
2

BAB
1

BAB

Initial value: 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
RW: RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW

BARB is a 32-bit read/write register. BARB specifies the address used as a break condition in
channel B. Control bits XYE and XY'S in the BBRB selects an address bus for break condition B.
If the XYE is 0, then BARB specifies the break address on logic or internal bus, LAB or IAB. If
the XYE is 1, then the BAB31 to 16 specifies the break address on XAB (bits 15 to 1) and the
BABI15 to 0 specifies the break address on YAB (bits 15 to 1). However, you have to choose one
of two address buses for the break. A power-on reset initializes BARB to H'00000000.

BAB31 to 16 BAB15 to 0
XYE =0 L(1) AB31 to 16 L(1) AB15 to 0
XYE = 1 XAB15 to 1 (XYS = 0) YAB15 to 1 (XYS = 1)
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8.2.5 Break Address Mask Register B (BAMRB)

Bit: 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

BAMB|BAMB | BAMB |BAMB|BAMB|BAMB |BAMB | BAMB|BAMB|BAMB | BAMB |BAMB|BAMB | BAMB | BAMB BAMB
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

Initial value: 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
RW: RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW

Bit: 15 14 13 12 1 10 9 8 7 6 5 4 3 2 1 0

BAMB|BAMB |BAMB
15 14 13

BAMB
12

BAMB
11

BAMB
10

BAMB
9

BAMB
8

BAMB
7

BAMB
6

BAMB
5

BAMB
4

BAMB BAMB|BAMB
3 1 0

Initial value: 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

BAMB
2

RW: RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW

BAMRB is a 32-bit read/write register. BAMRB specifies bits masked in the break address
specified by BARB. A power-on reset initializes BAMRB to H'00000000.

BAMB31 to 16 BAMB15 to 0
XYE=0 Mask L(l) AB31 to 16 Mask L(l) AB15to 0
XYE =1 Mask XAB15 to 1 (XYS = 0) Mask YAB15 to 1 (XYS =1)
Bits 31 to 0:
BAMBN Description
0 Break address BABn of channel B is included in the break condition (Initial value)
1 Break address BABN of channel B is masked and is not included in the break
condition

n=31t00
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8.2.6 Break Data Register B (BDRB)

Bit: 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

BDB | BDB | BDB | BDB | BDB | BDB | BDB | BDB | BDB | BDB | BDB | BDB | BDB | BDB | BDB | BDB
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

Initial value: 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
RW: RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW

Bit: 15 14 13 12 1 10 9 8 7 6 5 4 3 2 1 0

BDB
15

BDB
14

BDB
13

BDB
12

BDB
1"

BDB
10

BDB
9

BDB
8

BDB
7

BDB
6

BDB
5

BDB
4

BDB
3

BDB
2

BDB
1

BDB
0

Initial value: 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
RW: RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW

BDRB is a 32-bit read/write register. The control bits XYE and XYS in BBRB select a data bus
for break condition B. If the XYE is 0, then BDRB specifies the break data on LDB or IDB. If the
XYE is 1, then BDB 31 to 16 specifies the break data on XDB (bits 15 to 0) and BDB 15 to 0
specifies the break data on YDB (bits 15 to 0). However, you have to choose one of two data
buses for the break. A power-on reset initializes BDRB to H'00000000.

BDB31 to 16 BDB15 to 0
XYE =0 L(l) DB31 to 16 L(l) DB15 to O
XYE = 1 XDB15 to 0 (XYS = 0) YDB15 to 0 (XYS = 1)
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8.2.7 Break Data Mask Register B (BDMRB)

Bit: 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

BDMB|BDMB|BDMB|BDMB|BDMB|BDMB|BDMB|BDMB \BDMB|BDMB|BDMB |BDMB|BDMB|BDMB BDMB |BDMB
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

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

Bit: 15 14 13 12 1 10 9 8 7 6 5 4 3 2 1 0

BDMB|BDMB|BDMB
15 14 13

BDMB
12

BDMB
1"

BDMB
10

BDMB
9

BDMB
8

BDMB
7

BDMB
6

BDMB
5

BDMB|BDMB|BDMB|BDMB|BDMB
4 3 2 1 0

Initial value: 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

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

BDMRB is a 32-bit read/write register. BDMRB specifies bits masked in the break data specified
by BDRB. A power-on reset initializes BDMRB to H'00000000.

BDMB31 to 16 BDMB15to 0
XYE=0 Mask L(l) DB31 to 16 Mask L(l) DB15 to O
XYE =1 Mask XDB15 to 0 (XYS = 0) Mask YDB15 to 0 (XYS = 1)
Bits 31 to 0:
BDMBn Description
0 Break data BDBn of channel B is included in the break condition (Initial value)
1 Break data BDBnN of channel B is masked and is not included in the break
condition

n=31t00
Notes: 1. Specify an operand size when including the value of the data bus in the break condition.

2. When a byte size is selected as a break condition, the same break data (byte size)
must be set both in bits 15 to 8 and in bits 7 to 0 in BDRB.
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8.2.8 Break Bus Cycle Register B (BBRB)

Bit: 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

‘ — ‘ — ‘ — ‘ — ‘ — ‘ — ‘XYE‘XYS ‘CDB1‘CDBO‘IDB1‘IDBO ‘RWB1‘RWBO‘SZB1‘SZBO‘

Initial value: 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
RW: R R R R R R RW RW RW RW RW RW RW RW RW RW

Break bus cycle register B (BBRB) is a 16-bit read/write register, which specifies (1) logic or
internal bus (L or I bus), X bus, of Y bus, (2) CPU cycle or DMAC cycle, (3) instruction fetch or
data access, (4) read/write, and (5) operand size in the break conditions of channel B. A power-on
reset initializes BBRB to H'0000.

Bits 15 to 10—Reserved: These bits are always read as 0. The write value should always be 0.

Bit 9—X/Y Memory Bus Enable (XYE): Selects the logic bus or internal bus (L bus or I bus) or
the X/Y memory bus as the bus of the channel B break condition.

Bit 9: XYE Description
0 Select internal bus (I bus) for the channel B break condition
1 Select X/Y memory bus (X/Y bus) for the channel B break condition

Bits 8—X or Y Memory Bus Select (XYS): Selects the X bus or the Y bus as the bus of the
channel B break condition.

Bit 8: XYS Description
0 Select the X bus for the channel B break condition
1 Select the Y bus for the channel B break condition

Bits 7 and 6—CPU Cycle/DMAC Cycle Select B (CDB1 and CDBO0): Select the CPU cycle or
DMAC cycle as the bus cycle of the channel B break condition.

Bit 7: CDB1 Bit 6: CDBO Description

0 0 Condition comparison is not performed (Initial value)
* 1 The break condition is the CPU cycle
1 0 The break condition is the DMAC cycle

Note: * Don'’t care.

Rev. 5.00 Dec 12, 2005 page 213 of 1034
REJ09B0254-0500
RENESAS



Section 8 User Break Controller

Bits 5 and 4—Instruction Fetch/Data Access Select B (IDB1 and IDBO0): Select the instruction
fetch cycle or data access cycle as the bus cycle of the channel B break condition.

Bit 5: IDB1 Bit 4: IDBO Description

0 0 Condition comparison is not performed (Initial value)
1 The break condition is the instruction fetch cycle

1 0 The break condition is the data access cycle
1 The break condition is the instruction fetch cycle or data access

cycle

Bits 3 and 2—Read/Write Select B (RWB1 and RWB0): Sclect the read cycle or write cycle as
the bus cycle of the channel B break condition.

Bit 3: RWB1 Bit 2: RWBO0 Description

0 0 Condition comparison is not performed (Initial value)
1 The break condition is the read cycle

1 0 The break condition is the write cycle
1 The break condition is the read cycle or write cycle

Bits 1 and 0—Operand Size Select B (SZB1 and SZB0): Sclect the operand size of the bus
cycle for the channel B break condition.

Bit 1: SZB1 Bit 0: SZB0 Description

0 0 The break condition does not include operand size (Initial
value)

The break condition is byte access

1 0 The break condition is word access

The break condition is longword access
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8.2.9 Break Control Register (BRCR)

Bit: 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

— — — — — — — — — — | BAS | BAS | — — — —
MA | MB
Initial value: 0 0 0 0
R/W: R R R R R R R R R R RW R/W R R R R

Bit: 15 14 13 12 1 10 9 8 7 6 5 4 3 2 1 0

SCM | SCM | SCM | SCM |PCTE |PCBA| — — |DBEB|PCBB| — — |SEQ| — — |ETBE
FCA | FCB | FDA | FDB
Initial value: 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
RW: RW RW RW RW RW RW R R RW RW R R RW R R RW

BRCR sets the following conditions:

1.

A

Channels A and B are used in two independent channels condition or under the sequential
condition.

A break is set before or after instruction execution.

A break is set by the number of execution times.

Determine whether to include data bus on channel B in comparison conditions.
Enable PC trace.

Enable the ASID check.

The break control register (BRCR) is a 32-bit read/write register that has break conditions match
flags and bits for setting a variety of break conditions.

A power-on reset initializes BRCR to H'00000000.

Bits 31 to 22—Reserved: These bits are always read as 0. The write value should always be 0.

Bit 21—Break ASID Mask A (BASMA): Specifies whether the bits of the channel A break
ASID7 to ASIDO (BASA7 to BASAO) set in BASRA are masked or not.

Bit 21: BASMA Description

0

All BASRA bits are included in break condition, and ASID is checked
(Initial value)

No BASRA bits are included in break condition, and ASID is not checked
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Bit 20—Break ASID Mask B (BASMB): Specifies whether the bits of channel B break ASID7
to ASIDO (BASB7 to BASBO) set in BASRB are masked or not.

Bit 20: BASMB Description

0 All BASRB bits are included in break condition, and ASID is checked
(Initial value)
1 No BASRB bits are included in break condition, and ASID is not checked

Bits 19 to 16—Reserved: These bits are always read as 0. The write value should always be 0.

Bit 15—CPU Condition Match Flag A (SCMFCA): When the CPU bus cycle condition in the
break conditions set for channel A is satisfied, this flag is set to 1 (not cleared to 0). In order to
clear this flag, write 0 into this bit.

Bit 15:

SCMFCA Description

0 The CPU cycle condition for channel A does not match (Initial value)
1 The CPU cycle condition for channel A matches

Bit 14—CPU Condition Match Flag B (SCMFCB): When the CPU bus cycle condition in the
break conditions set for channel B is satisfied, this flag is set to 1 (not cleared to 0). In order to
clear this flag, write 0 into this bit.

Bit 14:

SCMFCB Description

0 The CPU cycle condition for channel B does not match (Initial value)
1 The CPU cycle condition for channel B matches

Bit 13—DMAC Condition Match Flag A (SCMFDA): When the on-chip DMAC bus cycle
condition in the break conditions set for channel A is satisfied, this flag is set to 1 (not cleared to
0). In order to clear this flag, write 0 into this bit.

Bit 13:

SCMFDA Description

0 The DMAC cycle condition for channel A does not match (Initial value)
1 The DMAC cycle condition for channel A matches
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Bit 12—DMAC Condition Match Flag B (SCMFDB): When the on-chip DMAC bus cycle
condition in the break conditions set for channel B is satisfied, this flag is set to 1 (not cleared to
0). In order to clear this flag, write O into this bit.

Bit 12:

SCMFDB Description

0 The DMAC cycle condition for channel B does not match (Initial value)
1 The DMAC cycle condition for channel B matches

Bit 11—PC Trace Enable (PCTE): Enables PC trace.

Bit 11: PCTE Description
0 Disables PC trace (Initial value)
1 Enables PC trace

Bit 10—PC Break Select A (PCBA): Selects the break timing of the instruction fetch cycle for
channel A as before or after instruction execution.

Bit 10: PCBA  Description

0 PC break of channel A is set before instruction execution (Initial value)

1 PC break of channel A is set after instruction execution

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

Bit 7—Data Break Enable B (DBEB): Sclects whether or not the data bus condition is included
in the break condition of channel B.

Bit 7: DBEB Description

0 No data bus condition is included in the condition of channel B (Initial value)

1 The data bus condition is included in the condition of channel B

Bit 6—PC Break Select B (PCBB): Selects the break timing of the instruction fetch cycle for
channel B as before or after instruction execution.

Bit 6: PCBB Description

0 PC break of channel B is set before instruction execution (Initial value)

1 PC break of channel B is set after instruction execution
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Bits 5 and 4—Reserved: These bits are always read as 0. The write value should always be 0.

Bit 3—Sequence Condition Select (SEQ): Selects two conditions of channels A and B as
independent or sequential.

Bit 3: SEQ Description
0 Channels A and B are compared under the independent condition (Initial value)
1 Channels A and B are compared under the sequential condition

Bits 2 and 1—Reserved: These bits are always read as 0. The write value should always be 0.

Bit 0—The Number of Execution Times Break Enable (ETBE): Enable the execution-times

break condition only on channel B. If this bit is 1 (break enable), a user break is issued when the
number of break conditions matches with the number of execution times that is specified by the

BETR register.

Bit 0: ETBE Description

0 The execution-times break condition is disabled on channel B (Initial value)

1 The execution-times break condition is enabled on channel B

8.2.10  Execution Times Break Register (BETR)

Bit: 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Initial value: 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

RW: R R R R RW RW RW RW RW RW RW RW RW RW RW RW

When the execution-times break condition of channel B is enabled, this register specifies the
number of execution times to make the break. The maximum number is 2'> — 1 times. A power-on
reset initializes BETR to H'0000. When a break condition is satisfied, it decreases the BETR. A
break is issued when the break condition is satisfied after the BETR becomes H'0001. Bits 15 to
12 are always read as 0 and 0 should always be written in these bits.
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8.2.11 Branch Source Register (BRSR)

Bit: 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

SVF | PID2 | PID1 | PIDO | BSA | BSA | BSA | BSA | BSA | BSA | BSA | BSA | BSA | BSA | BSA | BSA
27 26 25 24 23 22 21 20 19 18 17 16

Initial value: 0 * * * * * * * * * * * * * * *

RW: R R R R R R R R R R R R R R R R

Bit: 15 14 13 12 1 10 9 8 7 6 5 4 3 2 1 0

BSA | BSA | BSA | BSA | BSA | BSA | BSA | BSA | BSA | BSA | BSA | BSA | BSA | BSA | BSA | BSA
15 14 13 12 1" 10 9 8 7 6 5 4 3 2 1 0
|n|t|a| Value- * * * * * * * * * * * * * * * *

RW: R R R R R R R R R R R R R R R R
Note: * Undefined

BRSR is a 32-bit read register. BRSR stores the last fetched address before branch and the pointer
(3 bits) which indicates the number of cycles from fetch to execution for the last executed
instruction. BRSR has the flag bit that is set to 1 when branch occurs. This flag bit is cleared to 0,
when BRSR is read and also initialized by power-on resets or manual resets. Other bits are not
initialized by reset. Eight BRSR registers have queue structure and a stored register is shifted
every branch.

Bit 31—BRSR Valid Flag (SVF): Indicates whether the address and the pointer by which the
branch source address can be calculated. When a branch source address is fetched, this flag is set
to 1. This flag is cleared to 0 in reading BRSR.

Bit 31: SVF Description
0 The value of BRSR register is invalid

1 The value of BRSR register is valid

Bits 30 to 28—Instruction Decode Pointer (PID2 to PIDO): PID is a 3-bit binary pointer (0 to
7). These bits indicate the instruction buffer number which stores the last executed instruction
before branch.

Bits 30 to 28:

PID Description

Even PID indicates the instruction buffer number.
Odd PiD+2 indicates the instruction buffer number
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Bits 27 to 0—Branch Source Address (BSA27 to BSA0): These bits store the last fetched
address before branch.

8.2.12  Branch Destination Register (BRDR)

Bit: 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

DVF | — — — | BDA | BDA | BDA | BDA | BDA | BDA | BDA | BDA | BDA | BDA | BDA | BDA
27 26 25 24 23 22 21 20 19 18 17 16

Initial value: 0 * * * * * * * * * * * * * * *

RW: R R R R R R R R R R R R R R R R

Bit: 15 14 13 12 1 10 9 8 7 6 5 4 3 2 1 0

BDA | BDA | BDA | BDA | BDA | BDA | BDA | BDA | BDA | BDA | BDA | BDA | BDA | BDA | BDA | BDA
15 14 13 12 1" 10 9 8 7 6 5 4 3 2 1 0

Initial value: * * * * * * * * * * * * * * % *

RW: R R R R R R R R R R R R R R R R
Note: * Undefined

BRDR is a 32-bit read register. BRDR stores the branch destination fetch address. BRDR has the
flag bit that is set to 1 when branch occurs. This flag bit is cleared to 0, when BRDR is read and
also initialized by power-on resets or manual resets. Other bits are not initialized by resets. Eight
BRDR registers have queue structure and a stored register is shifted every branch.

Bit 31—BRDR Valid Flag (DVF): Indicates whether a branch destination address is stored.
When a branch destination address is fetched, this flag is set to 1. This flag is cleared to 0 in
reading BRDR.

Bit 31: DVF Description

0 The value of BRDR register is invalid

1 The value of BRDR register is valid

Bits 30 to 28—Reserved: These bits are always read as 0. The write value should always be 0.

Bits 27 to 0—Branch Destination Address (BDA27 to BDAO): These bits store the first fetched
address after branch.
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8.2.13  Break ASID Register A (BASRA)

Bit: 7 6 5 4 3 2 1 0
‘BASA?‘ BASAG‘ BASA5‘ BASA4‘ BASAS‘ BASAZ‘ BASA1‘ 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) is an 8-bit read/write register that specifies the ASID that serves
as the break condition for channel A. It is not initialized by resets. It is located in CCN.

Bits 7 to 0—Break ASID A7 to 0 (BASA7 to BASA0): These bits store the ASID (bits 7 to 0)
that is the channel A break condition.

8.2.14  Break ASID Register B (BASRB)

Bit: 7 6 5 4 3 2 1 0
‘BASB?‘ BASBG‘ BASB5‘ BASB4‘ BASBS‘ BASBZ‘ BASB1‘ 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) is an 8-bit read/write register that specifies the ASID that serves
as the break condition for channel B. It is not initialized by resets. It is located in CCN.

Bits 7 to 0: Break ASID A7 to 0 (BASB7 to BASB0): These bits store the ASID (bits 7 to 0) that
is the channel B break condition.
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83

Operation Description

8.3.1 Flow of the User Break Operation

The flow from setting of break conditions to user break exception processing is described below:

1.

The break addresses and the corresponding ASIDs are loaded in the break address registers
(BARA and BARB) and break ASID registers (BASRA and BASRB in CCN). The masked
addresses are set in the break address mask registers (BAMRA and BAMRB). The break data
is set in the break data register (BDRB). The masked data is set in the break data mask register
(BDMRB). The breaking bus conditions are set in the break bus cycle registers (BBRA and
BBRB). Three groups of the BBRA and BBRB (CPU cycle/DMAC cycle select, instruction
fetch/data access select, and read/write select) are each set. No user break will be generated if
even one of these groups is set with 00. The respective conditions are set in the bits of the
BRCR.

When the break conditions are satisfied, the UBC sends a user break request to the interrupt
controller. The break type will be sent to CPU indicating the instruction fetch, pre/post
instruction break, data access break, or on-chip I/O access/LDTLB break. When conditions
match up, the CPU condition match flags (SCMFCA and SCMFCB) and DMAC condition
match flags (SCMFDA and SCMFDB) for the respective channels are set.

The appropriate condition match flags (SCMFCA, SCMFDA, SCMFCB, and SCMFDB) can
be used to check if the set conditions match or not. The matching of the conditions sets flags,
but they are not reset. 0 must first be written to them before they can be used again.

There is a chance that the data access break and its following instruction fetch break occur
around the same time, there will be only one break request to the CPU, but these two break
channel match flags could both be set.

8.3.2 Break on Instruction Fetch Cycle

. When CPU/instruction fetch/read/word or longword is set in the break bus cycle registers

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

An instruction set for a break before execution breaks when it is confirmed that the instruction
has been fetched and will be executed. This means this feature cannot be used on instructions
fetched by overrun (instructions fetched at a branch or during an interrupt transition, but not to
be executed). When this kind of break is set for the delay slot of a delay branch instruction, the
break is generated prior to execution of the instruction that then first accepts the break.
Meanwhile, the break set for pre-instruction-break on delay slot instruction and post-
instruction-break on SLEEP instruction are also prohibited.
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3.

4.

When the condition is specified to be occurred after execution, the instruction set with the
break condition is executed and then the break is generated prior to the execution of the next
instruction. As with pre-execution breaks, this cannot be used with overrun fetch instructions.
When this kind of break is set for a delay branch instruction, the break is generated at the
instruction that then first accepts the break.

When an instruction fetch cycle is set for channel B, break data register B (BDRB) is ignored.
There is thus no need to set break data for the break of the instruction fetch cycle.

8.3.3 Break by Data Access Cycle

1.
2.

The memory cycles in which CPU data access breaks occur are from instructions.

The relationship between the data access cycle address and the comparison condition for
operand size are listed in table 8.2:

Table 8.2  Data Access Cycle Addresses and Operand Size Comparison Conditions

Access Size Address Compared

Longword Compares break address register bits 31 to 2 to address bus bits 31 to 2
Word Compares break address register bits 31 to 1 to address bus bits 31 to 1
Byte Compares break address register bits 31 to 0 to address bus bits 31 to 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

When the data value is included in the break conditions on B channel:

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

When the DMAC data access is included in the break condition:

When the address is included in the break condition on DMAC data access, the operand size of
the break bus cycle registers (BBRA and BBRB) should be byte, word or no operand size
specification. When the data value is included, select either byte or word.
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8.3.4 Break on X/Y-Memory Bus Cycle

1.

The break condition on X/Y-memory bus cycle is specified only in channel B. If XYE in
BBRB is set to 1, break address and break data on X/Y-memory bus are selected. At this time,
select X-memory bus or Y-memory bus by specifying XYS in BBRB. The Break condition
cannot include both X-memory and Y-memory at the same time. The break condition is
applied to X/Y-memory bus cycle by specifying CPU/data access/read or write/word or no
operand size specification in the break bus cycle register B (BBRB).

When X-memory address is selected as the break condition, specify X-memory address in
upper 16 bits in BARB and BAMRB. When Y-memory address is selected, specify Y-memory
address in lower 16 bits. Specification of X/Y-memory data is the same for BDRB and
BDMRB.

8.3.5 Sequential Break

. By specifying SEQ in BRCR is set to 1, the sequential break is issued when channel B break

condition matches after channel A break condition matches. A user break is ignored even if
channel B break condition matches before channel A break condition matches. When channels
A and B condition match at the same time, the sequential break is not issued.

In sequential break specification, internal/X/Y bus can be selected and the execution times
break condition can be also specified. For example, when the execution times break condition
is specified, the break condition is satisfied at channel B condition match with BETR = H'0001
after channel A condition match.

8.3.6 Value of Saved Program Counter

The PC when a break occurs is saved to the SPC in user breaks. The PC value saved is as 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.

When instruction fetch (after instruction execution) is specified as a break condition:

The PC value saved is the address of the instruction to be executed following the instruction in
which the break condition matches. The fetched instruction is executed, and a break occurs
before the execution of the next instruction.
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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.

When data access (address + data) is specified as a break condition:

The PC value is the start address of the instruction that follows the instruction already executed
when break processing started up. When a data value is added to the break conditions, the
place where the break will occur cannot be specified exactly. The break will occur before the
execution of an instruction fetched around the data access where the break occurred.

8.3.7 PC Trace

1.

Setting PCTE in BRCR to 1 enables PC traces. When branch (branch instruction, repeat, and
interrupt) is generated, the address from which the branch source address can be calculated and
the branch destination address are stored in BRSR and BRDR, respectively. The branch
address and the pointer, which corresponds to the branch, are included in BRSR.

The branch address before branch occurs can be calculated from the address and the pointer
stored in BRSR. The expression from BSA (the address in BRSR), PID (the pointer in BRSR),
and IA (the instruction address before branch occurs) is as follows: IA = BSA — 2 * PID.

Notes are needed when an interrupt (a branch) is issued before the branch destination
instruction is executed. In case of the next figure, the instruction “Exec” executed immediately
before branch is calculated by IA = BSA — 2 * PID. However, when branch “branch” has delay
slot and the destination address is 4n + 2 address, the address “Dest” which is specified by
branch instruction is stored in BRSR (Dest = BSA). Therefore, as IA = BSA — 2 * PID is not
applied to this case, this PID is invalid. The case where BSA is 4n + 2 boundary is applied
only to this case and then some cases are classified as follows:

Exec: branch Dest

Dest: instr (not executed)
interrupt
Int: interrupt routine

If the PID value is odd, instruction buffer indicates PID+2 buffer. However, these expressions
in this table are accounted for it. Therefore, the true branch source address is calculated with
BSA and PID values stored in BRSR.
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3. The branch address before branch occurrence, IA, has different values due to some kinds of
branch.

a. Branch instruction
The branch instruction address
b. Repeat
The instruction before the last instruction of a repeat loop
Repeat _Start:inst (1); - BRDR
inst (2);

inst (n-1); - the address cal cul ated from BRSR
Repeat End: inst (n);
c. Interrupt
The last instruction executed before interrupt
The top address of interrupt routine is stored in BRDR.

In a repeat loop with instructions less than three, no instruction fetch cycle appears and branch
source address is unknown. Therefore, PC trace is disabled.

4. BRSR and BRDR have eight pairs of queue structures. The top of queues is read first when the
address stored in the PC trace register is read. BRSR and BRDR share the read pointer. Read
BRSR and BRDR in order, the queue only shifts after BRDR is read. When reading BRDR,
longword access should be used. Also, the PC trace has a trace pointer, which initially points
to the bottom of the queues. The first pair of branch addresses will be stored at the bottom of
the queues, then push up when next pairs come into the queues. The trace pointer will points to
the next branch address to be executed, unless it got push out of the queues. When the branch
address has been executed, the trace pointer will shift down to next pair of addresses, until it
reaches the bottom of the queues. After switching the PCTE bit (in BRCR) off and on, the
values in the queues are invalid. The read pointer stay at the position before PCTE is switched,
but the trace pointer restart at the bottom of the queues.
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8.3.8 Usage Examples

Break Condition Specified to a CPU Instruction Fetch Cycle

1.

Register specifications

BARA = H'00000404, BAMRA = H'00000000, BBRA = H'0054, BARB = H'00008010,
BAMRB = H'00000006, BBRB = H'0054, BDRB = H'00000000, BDMRB = H'00000000,
BRCR =H'00300400

Specified conditions: Channel A/channel B independent mode
e Channel A
Address:  H'00000404, Address mask: H'00000000

Bus cycle: CPU/instruction fetch (after instruction execution)/read (operand size is not
included in the condition)

No ASID check is included

* Channel B
Address:  H'00008010, Address mask: H'00000006
Data: H'00000000, Data mask: H'00000000

Bus cycle: CPU/instruction fetch (before instruction execution)/read (operand size is not
included in the condition)

No ASID check is included

A user break occurs after an instruction of address H'00000404 is executed or before
instructions of adresses H'00008010 to H'00008016 are executed.

Register specifications

BARA =H'00037226, BAMRA = H'00000000, BBRA = H'0056, BARB = H'0003722E,
BAMRB = H'00000000, BBRB = H'0056, BDRB = H'00000000, BDMRB = H'00000000,
BRCR =H'00000008, BASRA = H'80, BASRB = H'70

Specified conditions: Channel A/channel B sequence mode
e Channel A

Address:  H'00037226, Address mask: H'00000000, ASID = H'80

Bus cycle: CPU/instruction fetch (before instruction execution)/read/word
* Channel B

Address:  H'0003722E, Address mask: H'00000000, ASID = H'70

Data: H'00000000, Data mask: H'00000000

Bus cycle: CPU/instruction fetch (before instruction execution)/read/word
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An instruction with ASID = H'80 and address H'00037226 is executed, and a user break occurs
before an instruction with ASID = H'70 and address H'0003722E is executed.

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

* Channel A
Address:  H'00027128, Address mask: H'00000000
Bus cycle: CPU/instruction fetch (before instruction execution)/write/word
No ASID check is included

e Channel B
Address:  H'00031415, Address mask: H'00000000
Data: H'00000000, Data mask: H'00000000

Bus cycle: CPU/instruction fetch (before instruction execution)/read (operand size is not
included in the condition)

No ASID check is included

On channel A, no user break occurs since instruction fetch is not a write cycle. On channel B,
no user break occurs since instruction fetch is performed for an even address.

4. Register specifications

BARA =H'00037226, BAMRA = H'00000000, BBRA = H'005A, BARB = H'0003722E,
BAMRB = H'00000000, BBRB = H'0056, BDRB = H'00000000, BDMRB = H'00000000,
BRCR =H'00000008, BASRA = H'80, BASRB = H'70

Specified conditions: Channel A/channel B sequence mode
* Channel A

Address:  H'00037226, Address mask: H'00000000, ASID: H'80

Bus cycle: CPUlinstruction fetch (before instruction execution)/write/word
* Channel B

Address:  H'0003722E, Address mask: H'00000000, ASID: H'70

Data: H'00000000, Data mask: H'00000000

Bus cycle: CPU/instruction fetch (before instruction execution)/read/word

Since instruction fetch is not a write cycle on channel A, a sequence condition does not match.
Therefore, no user break occurs.
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5. Register specifications

BARA =H'00000500, BAMRA = H'00000000, BBRA = H'0057, BARB = H'00001000,
BAMRB = H'00000000, BBRB = H'0057, BDRB = H'00000000, BDMRB = H'00000000,
BRCR =H'00300001, BETR = H'0005

Specified conditions: Channel A/channel B independent mode
*  Channel A

Address:  H'00000500, Address mask: H'00000000

Bus cycle: CPU/instruction fetch (before instruction execution)/read/longword
e Channel B

Address:  H'00001000, Address mask: H'00000000

Data: H'00000000, Data mask: H'00000000

Bus cycle: CPU/instruction fetch (before instruction execution)/read/longword

The number of execution-times break enable (5 times)

On channel A, a user break occurs before an instruction of address H'00000500 is executed.
On channel B, a user break occurs before the fifth instruction execution after instructions of
address H'00001000 are executed four times.

6. Register specifications

BARA = H'00008404, BAMRA = H'00000FFF, BBRA = H'0054, BARB = H'00008010,
BAMRB = H'00000006, BBRB = H'0054, BDRB = H'00000000, BDMRB = H'00000000,
BRCR =H'00000400, BASRA = H'80, BASRB = H'70

Specified conditions: Channel A/channel B independent mode
* Channel A
Address:  H'00008404, Address mask: H'00000FFF, ASID: H'80

Bus cycle: 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

Bus cycle: CPU/instruction fetch (before instruction execution)/read (operand size is not
included in the condition)

A user break occurs after an instruction with ASID = H'80 and address H'00008000 to
H'00008FFE is executed or before instructions with ASID = H'70 and addresses H'00008010
to H'00008016 are executed.
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Break Condition Specified to a CPU Data Access Cycle

1.

Register specifications

BARA =H'00123456, BAMRA = H'00000000, BBRA = H'0064, BARB = 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
* Channel A

Address:  H'00123456, Address mask: H'00000000, ASID: H'80

Bus cycle: CPU/data access/read (operand size is not included in the condition)
* Channel B

Address:  H'000ABCDE, Address mask: H'000000FF, ASID: H'70

Data: H'0000A512, Data mask: H'00000000

Bus cycle: CPU/data access/write/word

On channel A, a user break occurs with ASID = H'80 during longword read to address
H'00123454, word read to address H'00123456, or byte read to address H'00123456. On
channel B, a user break occurs with ASID = H'70 when word H'A512 is written in addresses
H'000ABCO00 to H'000ABCFE.

Register specifications

BARA =H'01000000, BAMRA = H'00000000, BBRA = H'0066, BARB = H'0000F000,
BAMRB = HFFFF0000, BBRB = H'036A, BDRB = H'00004567, BDMRB = H'00000000,
BRCR =H'00300080

Specified conditions: Channel A/channel B independent mode
e Channel A
Address:  H'01000000, Address mask: H'00000000
Bus cycle: CPU/data access/read/word
No ASID check is included
e Channel B
Y Address: H'0001F000, Address mask: HFFFF0000
Data: H'00004567, Data mask: H'00000000
Bus cycle: CPU/data access/write/word
No ASID check is included

On channel A, a user break occurs during word read to address H'01000000 on the memory
space. On channel B, a user break occurs when word H'4567 is written in address H'0001F000
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on Y memory space. The X/Y-memory space is changed by a mode specification.

Break Condition Specified to a DMAC Data Access Cycle

1.

8.3.9

1.

Register specifications

BARA =H'00314156, BAMRA = H'00000000, BBRA = H'0094, BARB = H'00055555,
BAMRB = H'00000000, BBRB = H'00A9, BDRB = H'00000078, BDMRB = H'0000000F,
BRCR =H'00000080, BASRA = H'80, BASRB = H'70

Specified conditions: Channel A/channel B independent mode

Channel A

Address:  H'00314156, Address mask: H'00000000, ASID: H'80

Bus cycle:  DMAC/instruction fetch/read (operand size is not included in the condition)
Channel B

Address:  H'00055555, Address mask: H'00000000, ASID: H'70

Data: H'00000078, Data mask: H'0000000F

Bus cycle: DMAC/data access/write/byte

On channel A, no user break occurs since instruction fetch is not performed in DMAC cycles.
On channel B, a user break occurs with ASID = H'70 when the DMAC writes byte H'7* in
address H'00055555.

Usage Notes

Only CPU can read/write UBC registers.

2. UBC cannot monitor CPU and DMAC access in the same channel.

3. Notes in specification of sequential break are described below:

(1) A condition match occurs when B-channel match occurs in a bus cycle after an A-channel

match occurs in another bus cycle in sequential break setting. Therefore, no condition
match occurs even if a bus cycle, in which an A-channel match and a channel B match
occur simultaneously, is set.

(2) Since the CPU has a pipeline configuration, the pipeline determines the order of an

instruction fetch cycle and a memory cycle. Therefore, when a channel condition matches
in the order of bus cycles, a sequential condition is satisfied.

(3) When the bus cycle condition for channel A is specified as a break before execution

(PCBA =0 in BRCR) and an instruction fetch cycle (in BBRA), the attention is as follows.
A break is issued and condition match flags in BRCR are set to 1, when the bus cycle
conditions both for channels A and B match simultaneously.
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4. The change of a UBC register value is executed in MA (memory access) stage. Therefore,
even if the break condition matches in the instruction fetch address following the instruction in
which the pre-execution break is specified as the break condition, no break occurs. In order to
know the timing UBC register is changed, read the last written register. Instructions after then
are valid for the newly written register value.

5. Notes in specifying the instruction during repeat execution with repeat instruction as the break
condition are as follows: When the instruction during repeat execution is specified as the break
condition,

(1) The break is not issued during repeat execution, which has fewer than three instructions.

(2) When the execution times break is set, no instruction fetch from memory occurs during
repeat execution under three instructions. Therefore, the execution times register BETR is
not decreased.

6. The branch instruction should not be executed as soon as PC trace register BRSR and BRDR
are read.

7. When PC breaks and TLB exceptions or errors occur in the same instruction. The priority is as
follows:

(1) Break and instruction fetch exceptions: Instruction fetch exception occurs first.
(2) Break before execution and operand exception: Break before execution occurs first.

(3) Break after execution and operand exception: Operand exception occurs first.
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