To our customers,

Old Company Name in Catalogs and Other Documents

On April 1%, 2010, NEC Electronics Corporation merged with Renesas Technology
Corporation, and Renesas Electronics Corporation took over all the business of both
companies. Therefore, although the old company name remains in this document, it is a valid
Renesas Electronics document. We appreciate your understanding.

Renesas Electronics website: http://www.renesas.com

April 1%, 2010
Renesas Electronics Corporation

Issued by: Renesas Electronics Corporation (http://www.renesas.com)

Send any inquiries to http://www.renesas.com/inquiry.

LENESAS



10.

11

12.

Notice

All information included in this document is current as of the date this document isissued. Such information, however, is
subject to change without any prior notice. Before purchasing or using any Renesas Electronics products listed herein, please
confirm the latest product information with a Renesas Electronics sales office. Also, please pay regular and careful atention to
additional and different information to be disclosed by Renesas Electronics such as that disclosed through our website.

Renesas Electronics does not assume any liability for infringement of patents, copyrights, or other intellectual property rights
of third parties by or arising from the use of Renesas Electronics products or technical information described in this document.
No license, express, implied or otherwise, is granted hereby under any patents, copyrights or other intellectual property rights
of Renesas Electronics or others.

Y ou should not alter, modify, copy, or otherwise misappropriate any Renesas Electronics product, whether in whole or in part.

Descriptions of circuits, software and other related information in this document are provided only to illustrate the operation of
semiconductor products and application examples. Y ou are fully responsible for the incorporation of these circuits, software,
and information in the design of your equipment. Renesas Electronics assumes no responsibility for any lossesincurred by
you or third parties arising from the use of these circuits, software, or information.

When exporting the products or technology described in this document, you should comply with the applicable export control
laws and regulations and follow the procedures required by such laws and regulations. Y ou should not use Renesas
Electronics products or the technology described in this document for any purpose relating to military applications or use by
the military, including but not limited to the devel opment of weapons of mass destruction. Renesas Electronics products and
technology may not be used for or incorporated into any products or systems whose manufacture, use, or sale is prohibited
under any applicable domestic or foreign laws or regulations.

Renesas Electronics has used reasonable care in preparing the information included in this document, but Renesas Electronics
does not warrant that such information is error free. Renesas Electronics assumes no liability whatsoever for any damages
incurred by you resulting from errorsin or omissions from the information included herein.

Renesas Electronics products are classified according to the following three quality grades: “Standard”, “High Quality”, and
“Specific”. The recommended applications for each Renesas Electronics product depends on the product’ s quality grade, as
indicated below. Y ou must check the quality grade of each Renesas Electronics product before using it in aparticular
application. You may not use any Renesas Electronics product for any application categorized as “ Specific” without the prior
written consent of Renesas Electronics. Further, you may not use any Renesas Electronics product for any application for
which it is not intended without the prior written consent of Renesas Electronics. Renesas Electronics shall not bein any way
liable for any damages or losses incurred by you or third parties arising from the use of any Renesas Electronics product for an
application categorized as “ Specific” or for which the product is not intended where you have failed to obtain the prior written
consent of Renesas Electronics. The quality grade of each Renesas Electronics product is “ Standard” unless otherwise
expressly specified in a Renesas Electronics data sheets or data books, etc.

“Standard”: Computers; office equipment; communications equipment; test and measurement equipment; audio and visual
equipment; home electronic appliances, machine tools; personal electronic equipment; and industrial robots.
“High Quality”: Transportation equipment (automobiles, trains, ships, etc.); traffic control systems; anti-disaster systems; anti-
crime systems; safety equipment; and medical equipment not specifically designed for life support.
“Specific”: Aircraft; aerospace equipment; submersible repeaters; nuclear reactor control systems; medical equipment or
systems for life support (e.g. artificial life support devices or systems), surgical implantations, or heathcare
intervention (e.g. excision, etc.), and any other applications or purposes that pose adirect threat to human life.
Y ou should use the Renesas Electronics products described in this document within the range specified by Renesas Electronics,
especialy with respect to the maximum rating, operating supply voltage range, movement power voltage range, heat radiation
characteristics, installation and other product characteristics. Renesas Electronics shall have no liability for malfunctions or
damages arising out of the use of Renesas Electronics products beyond such specified ranges.
Although Renesas Electronics endeavors to improve the quality and reliability of its products, semiconductor products have
specific characteristics such as the occurrence of failure at a certain rate and malfunctions under certain use conditions. Further,
Renesas Electronics products are not subject to radiation resistance design. Please be sure to implement safety measures to
guard them against the possibility of physica injury, and injury or damage caused by fire in the event of the failure of a
Renesas Electronics product, such as safety design for hardware and software including but not limited to redundancy, fire
control and malfunction prevention, appropriate treatment for aging degradation or any other appropriate measures. Because
the evaluation of microcomputer software alone is very difficult, please evaluate the safety of the final products or system
manufactured by you.

Please contact a Renesas Electronics sales office for details as to environmental matters such as the environmental
compatibility of each Renesas Electronics product. Please use Renesas Electronics products in compliance with all applicable
laws and regulations that regulate the inclusion or use of controlled substances, including without limitation, the EU RoHS
Directive. Renesas Electronics assumes no liability for damages or losses occurring as aresult of your noncompliance with
applicable laws and regulations.

This document may not be reproduced or duplicated, in any form, in whole or in part, without prior written consent of Renesas
Electronics.

Please contact a Renesas Electronics sdes office if you have any questions regarding the information contained in this
document or Renesas Electronics products, or if you have any other inquiries.

(Note 1) “Renesas Electronics’ as used in this document means Renesas Electronics Corporation and also includes its majority-

owned subsidiaries.

(Note 2) “Renesas Electronics product(s)” means any product developed or manufactured by or for Renesas Electronics.
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Notes regarding these materials

1. This document is provided for reference purposes only so that Renesas customers may select the appropriate
Renesas products for their use. Renesas neither makes warranties or representations with respect to the
accuracy or completeness of the information contained in this document nor grants any license to any
intellectual property rights or any other rights of Renesas or any third party with respect to the information in
this document.

2. Renesas shall have no liability for damages or infringement of any intellectual property or other rights arising
out of the use of any information in this document, including, but not limited to, product data, diagrams, charts,
programs, algorithms, and application circuit examples.

3. You should not use the products or the technology described in this document for the purpose of military
applications such as the development of weapons of mass destruction or for the purpose of any other military
use. When exporting the products or technology described herein, you should follow the applicable export
control laws and regulations, and procedures required by such laws and regulations.

4. All information included in this document such as product data, diagrams, charts, programs, algorithms, and
application circuit examples, is current as of the date this document is issued. Such information, however, is
subject to change without any prior notice. Before purchasing or using any Renesas products listed in this
document, please confirm the latest product information with a Renesas sales office. Also, please pay regular
and careful attention to additional and different information to be disclosed by Renesas such as that disclosed
through our website. (http://www.renesas.com )

5. Renesas has used reasonable care in compiling the information included in this document, but Renesas
assumes no liability whatsoever for any damages incurred as a result of errors or omissions in the information
included in this document.

6. When using or otherwise relying on the information in this document, you should evaluate the information in
light of the total system before deciding about the applicability of such information to the intended application.
Renesas makes no representations, warranties or guaranties regarding the suitability of its products for any
particular application and specifically disclaims any liability arising out of the application and use of the
information in this document or Renesas products.

7. With the exception of products specified by Renesas as suitable for automobile applications, Renesas
products are not designed, manufactured or tested for applications or otherwise in systems the failure or
malfunction of which may cause a direct threat to human life or create a risk of human injury or which require
especially high quality and reliability such as safety systems, or equipment or systems for transportation and
traffic, healthcare, combustion control, aerospace and aeronautics, nuclear power, or undersea communication
transmission. If you are considering the use of our products for such purposes, please contact a Renesas
sales office beforehand. Renesas shall have no liability for damages arising out of the uses set forth above.

8. Notwithstanding the preceding paragraph, you should not use Renesas products for the purposes listed below:

(1) artificial life support devices or systems

(2) surgical implantations

(3) healthcare intervention (e.g., excision, administration of medication, etc.)

(4) any other purposes that pose a direct threat to human life
Renesas shall have no liability for damages arising out of the uses set forth in the above and purchasers who
elect to use Renesas products in any of the foregoing applications shall indemnify and hold harmless Renesas
Technology Corp., its affiliated companies and their officers, directors, and employees against any and all
damages arising out of such applications.

9. You should use the products described herein within the range specified by Renesas, especially with respect
to the maximum rating, operating supply voltage range, movement power voltage range, heat radiation
characteristics, installation and other product characteristics. Renesas shall have no liability for malfunctions or
damages arising out of the use of Renesas products beyond such specified ranges.

10. Although Renesas endeavors to improve the quality and reliability of its products, IC products have specific
characteristics such as the occurrence of failure at a certain rate and malfunctions under certain use
conditions. Please be sure to implement safety measures to guard against the possibility of physical injury, and
injury or damage caused by fire in the event of the failure of a Renesas product, such as safety design for
hardware and software including but not limited to redundancy, fire control and malfunction prevention,
appropriate treatment for aging degradation or any other applicable measures. Among others, since the
evaluation of microcomputer software alone is very difficult, please evaluate the safety of the final products or
system manufactured by you.

11. In case Renesas products listed in this document are detached from the products to which the Renesas
products are attached or affixed, the risk of accident such as swallowing by infants and small children is very
high. You should implement safety measures so that Renesas products may not be easily detached from your
products. Renesas shall have no liability for damages arising out of such detachment.

12. This document may not be reproduced or duplicated, in any form, in whole or in part, without prior written
approval from Renesas.

13. Please contact a Renesas sales office if you have any questions regarding the information contained in this
document, Renesas semiconductor products, or if you have any other inquiries.
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General Precautions in the Handling of MPU/MCU Products

The following usage notes are applicable to all MPU/MCU products from Renesas. For detailed usage notes

on the products covered by this manual, refer to the relevant sections of the manual. If the descriptions under
General Precautions in the Handling of MPU/MCU Products and in the body of the manual differ from each

other, the description in the body of the manual takes precedence.

1. Handling of Unused Pins

Handle unused pins in accord with the directions given under Handling of Unused Pins in

the manual.

— The input pins of CMOS products are generally in the high-impedance state. In
operation with an unused pin in the open-circuit state, extra electromagnetic noise is
induced in the vicinity of LSI, an associated shoot-through current flows internally, and
malfunctions may occur due to the false recognition of the pin state as an input signal.
Unused pins should be handled as described under Handling of Unused Pins in the
manual.

2. Processing at Power-on

The state of the product is undefined at the moment when power is supplied.

— The states of internal circuits in the LSI are indeterminate and the states of register
settings and pins are undefined at the moment when power is supplied.
In a finished product where the reset signal is applied to the external reset pin, the
states of pins are not guaranteed from the moment when power is supplied until the
reset process is completed.
In a similar way, the states of pins in a product that is reset by an on-chip power-on
reset function are not guaranteed from the moment when power is supplied until the
power reaches the level at which resetting has been specified.

3. Prohibition of Access to Reserved Addresses
Access to reserved addresses is prohibited.
— The reserved addresses are provided for the possible future expansion of functions. Do

not access these addresses; the correct operation of LSl is not guaranteed if they are
accessed.
4. Clock Signals

After applying a reset, only release the reset line after the operating clock signal has

become stable. When switching the clock signal during program execution, wait until the

target clock signal has stabilized.

— When the clock signal is generated with an external resonator (or from an external
oscillator) during a reset, ensure that the reset line is only released after full stabilization
of the clock signal. Moreover, when switching to a clock signal produced with an
external resonator (or by an external oscillator) while program execution is in progress,
wait until the target clock signal is stable.

5. Differences between Products

Before changing from one product to another, i.e. to one with a different type number,

confirm that the change will not lead to problems.

— The characteristics of MPU/MCU in the same group but having different type numbers
may differ because of the differences in internal memory capacity and layout pattern.
When changing to products of different type numbers, implement a system-evaluation
test for each of the products.
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Preface

The SH7760 RISC (Reduced Instruction Set Computer) microcomputer includes a Renesas
Technology-original RISC CPU as its core, and the peripheral functions required to configure a
system.

Target Users: This manual was written for users who will be using this LSI in the design of
application systems. Users of this manual are expected to understand the
fundamentals of electrical circuits, logical circuits, and microcomputers.

Objective: ~ This manual was written to explain the hardware functions and electrical
characteristics of this LSI to the above users.

Notes on reading this manual:

e In order to understand the overall functions of the chip

Read the manual according to the contents. This manual can be roughly categorized into parts
on the CPU, system control functions, and peripheral functions.

Rules: Bit order: The MSB is on the left and the LSB is on the right.

Related Manuals:  The latest versions of all related manuals are available from our web site.
Please ensure you have the latest versions of all documents you require.
http://www.renesas.com

Refer to the SH-4 Software Manual for details on the instruction set.
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Main Revisions for This Edition

Item Page

Revision (See Manual for Details)

All —

Company name and brand names amended
(Before) Hitachi, Ltd. — (After) Renesas Technology Corp.

1.1 SH7760 Features 2
Table 1.1 Features

Table amended

Item Features
LS| e Packages: 256-pin BGA (Size: 17 x 17 mm, pin pitch: 0.8 mm)
cPu e RISC-type instruction set (upward-compatible with SH-1, SH-2, and SH-3)

FPU * Floating-point registers: 32 bits x 16 x 2 banks
— (single-precision: 32-bit x 16 or double-precision: 64-bit x 8) x 2 banks

9

"Product lineup" added

1.2 Block Diagram 10

Figure 1.1 SH7760
Block Diagram

Figure amended

External bus
interface

26-bit 32-bit |
address data !
bus bus I

I

1.3 Pin Arrangement 11

Figure 1.2 SH7760 Pin
Arrangement (BP-
256F/BP-256FV)

Figure added

Figure 1.3 SH7760 Pin 12
Arrangement (BP-
256B/BP-256BV)

Figure title amended

1.4 Pin Description 13

Description amended

Table 1.2 lists the pin configuration of the BP-256F (21 mm#*'),
and table 1.3 lists the pin configuration of the BP-256B (17
mm*?).

Notes added
Notes: 1. HD6417760BP200AD, HD6417760BP200ADV

2. HD6417760BL200A, HD6417760BL200AV,
HD6417760BL200AD, HD6417760BL200ADV

Table 1.2 Pin 13to 21

Configuration (BP-
256F: 21 mm)

Table added

Rev. 2.00 Feb. 12,2010 Page vii of Ixxxii
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Item Page Revision (See Manual for Details)

Table 1.3 Pin 22 Table title amended

Configuration (BP-

256B: 17 mm)

1.5 Pin Function 31 Table amended

Table 1 .4 Pin Pin No. MFI mode@:o) LCDC mcde@:1) Other modes Register

Functions 17 mm*' 2imm*2 Function Pin Name /O Function Pin Name IIQ Function Pin Name VO GPIO GPIOSemng IP Selection
Notes added

Notes: 1. HD6417760BL200A, HD6417760BL200AV,
HD6417760BL200AD, HD6417760BL200ADV

2. HD6417760BP200AD, HD6417760BP200ADV

Table 1.5 Pin 321034 Table amended
Functions ) )
Pin No. Register
17 mm*' 21 mm*2 Function 1 Pin Name /O Function 2 Pin Name VO_ Function 3_PinName IO GPIO GPIO Setting _IP Selection
34 Notes added

Notes: 1. HD6417760BL200A, HD6417760BL200AV,
HD6417760BL200AD, HD6417760BL200ADV

2. HD6417760BP200AD, HD6417760BP200ADV

Table 1.6 Pin 35 t0 38 Table amended
Functions Pin No. Memory Interface
17 mm*' 21 mm*? Function Pin Name /0 SRAM SDRAM PCMCIA MPX Remarks
38 Notes added

Notes: 1. HD6417760BL200A, HD6417760BL200AV,
HD6417760BL200AD, HD6417760BL200ADV

2. HD6417760BP200AD, HD6417760BP200ADV

2.2.1 Privileged Mode 41 Table amended
and Banks Type Registers Initial Value*
Table 21 Inmal Control registers SR :\’(IAI?AS:(:=11,1F:? :in:';)j;ezlért\),i;; ;i}SFE(?Yit =0,
Register Values others =undefined
3.1 Features 51 Description amended
¢ Designed to meet IEEE754 standard
3.7 Usage Notes 63 to 66 Newly added
4.4 Usage Note 84 to 86 Newly added
Section 5 Pipelining 87 Description amended

The definitions in this section may not be applied to the SH-4
products other than the SH7760.

5.4 Usage Note 112 Newly added
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Item Page Revision (See Manual for Details)

6.2.3 Page Table 124 Description amended

Entry Assistance When performing access from the CPU in SH7760 to the

Register (PTEA) PCMCIA interface area with the AT bit in MMUCR cleared to 0,

access is always performed using the values of the
SA and TC bits in this register.

7.3.9 NoteonUsing 164to Newly added

Cache Enhanced Mode 166

8.5.1 Resets 195 Description amended

(1) Power-On Reset SR.IMASK = B'1111;

(2) Manual Reset 196 Description amended

SR.IMASK = B'1111;

(3) H-UDI Reset 197 Description amended

SR.IMASK = B'1111;

(4) Instruction TLB 198 Description amended

Multiple-Hit Exception SR.IMASK = B'1111;

(5)Data TLB Multlple 199 Description amended

Hit Exception SR.IMASK = B'1111;

8.7.1 Restrictionson 220 Note added

First In§truct|on in o When the UBDE bit in BRCR is set to 1 and the user break

Exception Handling ) ,

Routine debug support function* is used, do not locate a BT, BF,
BT/S, BF/S, BRA, or BSR instruction at the address
indicated by DBR.

Note: * See section 31.5, User Break Debug Support Function.

9.1 Features 222 Figure amended

Figure 9.1 Block

Diagram of INTC |

' Interrupt

}’ request

i SR

T _mask]

o CPU___
9.2 Input/Output Pins 223 Table amended

Table 91 Pln Pin Name Abbreviation 1/0 Function
; . IRL interrupt input pins  IRL3 10 IRLO _ Input _Input of IRL interrupt request signals
Configuration “ (maskable by the IMASK bits in SR)
Rev. 2.00 Feb. 12,2010 Page ix of Ixxxii
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Item Page Revision (See Manual for Details)

9.4.5 Interrupt 242 Table amended

Exception Handling and INTEVT

Priority Interrupt Source .....S%% .
MFI MFII H'E80

Table 9.7 Interrupt
Exception Handling
Sources and Priority

Order
10.5 Register 259 Note amended
Descriptions Notes: 1. For details, refer to the descriptions of SDMR.

Table 10.6 Register
Configuration (2)

10.5.5 Wait Control 273 Note added
Register 1 (WCR1) Notes:

Table 10.7 Idle 2. On the MPX interface, a WCR1 idle wait may be inserted

Insertion between before an access (either read or write) to the same area

Accesses after a write access. An example of idle wait insertion in
accesses to the same area is shown below.

(a) Synchronous DRAM set to RAS down mode
(b) Synchronous DRAM accessed by on-chip DMAC

Under conditions other than conditions (a) and (b) above, an
idle wait is also inserted between an MPX interface write
access and an immediately following access to the same area.

10.5.7 Wait Control 282 Table and note amended
Register 3 (WCR3) Bit Initial

Bit Name Value R/W Description

4n+1  AnH1* Al R/W Area n Data Hold Time

4n AnHO* Al RW For writing, specifies the number of cycles to be inserted
during the data hold time after the write strobe is
negated. For reading, specifies the number of cycles to
be inserted during the data hold time after the data
sampling timing. Valid only for SRAM interface, byte
control SRAM interface, and burst ROM interface:

Cycles to be inserted during the data hold time

00: O
01: 1
10: 2
11: 8

4m+3 AmRDH AllO R/W Read-Strobe Negate Timing

For reading, these bits specify the timing for the negation
of read strobe. These bits should be cleared to 0 when
byte control SRAM interface is in use.

See figure 10.12.

Notes: n=0to6; m=1and 4

* For area 1, only use the combinations listed in table
10.9 for the settings.
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Item Page Revision (See Manual for Details)
10.5.8 Wait Control 282 Description amended
Register 4 (WCR4) WCR4 is a 32-bit readable/writable register that specifies the
negation period for the CS1 signal. Specifying bits CSH1 and
CSHO can insert the negation cycles from 0 to 3. If the CS1
negate period is set, it must be set to match the WCR3 data
hold time (A1H[1:0]). If the CS1 negate period is not specified
(CSH[1:0] = 00), there is no need to match the WCRS3 data
hold time (A1H[1:0]).
283 Table amended and note added
Bit Initial
Bit Name Value R/W Description
31t02 All O R Reserved
These bits are always read as 0, and the write value
should always be 0.
1 CSH1* 0 R/W CS Hold Cycle Setting
0 CSHo* 0 RW Specifies the number of wait cycles inserted during data
hold after CS1 is negated.
Wait cycles to be inserted
00: O
o1: 1
10: 2
11: 8
If a value other than 00 is set, set WCR3.A1RDH to 1.
Note: * Only use the combinations listed in table 10.9 for the
settings.
Table 10.9 WCRS3 and Newly added
WCR4 Settings for Area
1
10.5.9 Memory 285 Table amended

Control Register (MCR)

Bit Initial
Bit Name Value R/W Description
30 MRSET 0  RMW  Mode RegisterSet

Set this bit to 1 to make the mode register setting for
synchronous DRAM. See the description of power-on
sequence in section 10.6.4, (10) Power-On Sequence.

0: All-bank precharge
1: Mode register setting

10.5.12 Refresh Timer 294

Table amended

Control/Status Register Bit Initial
(RTCSR) Bit Name Value R/W Description
15t08 — AllO Reserved
These bits are always read as 0.
10.6.2 Areas 308 Description amended
(5) Area 4 In addition, any number of wait cycles can be inserted in each

bus cycle by the external wait pin (RDY).
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Item Page

Revision (See Manual for Details)

11.3.4 DMA Channel 396
Control Register
(CHCR)

Table amended
Bit Bit Name Initial Value R/W

Description

3 CHSET 0 R/W

Channel Setting

Since the internal state of the acceptance unit for

the corresponding channel external and DMABRG

requests are cleared when 1 is written to this bit in

DMABRG mode, write 1 to this bit when setting up

the corresponding channel. Note, however, that

this bit always reads out as 0.

Note: This operation is invalid in external request
2-channel mode.

11.4.4 Types of DMA 432
Transfer

Figure amended

External  External
Figure 11.6 Data Flow ﬁg:ress data bus
in Single Address Mode SH7760 (\
i »  External
DMAC E memory
E_ | External device
""" 1 with DACK
DACK I
DREQ
---»: Data flow
11.4.5 Number of Bus 460 Figure amended
Cycles and DREQ Pin UL

Sampling Timing
Figure 11.30 Single
Address Mode/Burst
Mode in DMABRG
Mode External Device
— External Bus/DREQ
(Level Detection)/32
Byte Block Transfer
(Bus Width: 32 bits,
SDRAM: row hit write)

A[25:0] i

D[31:0] |

m@—@n:

(Level |
detection) |

oreat |

DRAKO

Bus cycle |

oo i

11.4.6 Ending DMA 463

Transfer
(3) Notes on Transfer

Description amended
e External requests

See item 5 in External Request Acceptance Conditions in

End section 11.4.2, DMA Transfer Requests (2) External
Request Mode.
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Item Page Revision (See Manual for Details)
11.6.2 DMABRG 468 Description deleted
Reset Do not access the registers of the HAC, SSI, USB, LCDC,

and DMAC (except for DMAPCR) while the BRGRST bit is 1.

Operation is not guaranteed when these registers are

accessed in this state.

Note: * Make sure to write 1 to the CHSET bit in CHCRO
before re-specifying the DMAC registers in the case
of DMAC reactivation (DMA transfer will be resumed).

11.6.5 DMA Audio 471 Figure amended
T it ti ;
.ransml Opera on C HAC DMA transmit setting ) .
Figure 11.32 !
Example of HAC DMA |
Transfer Operation by cotine PRCIACELR
FIOW | |
Reset HAC and set operating mode i
-
Enable interrupt (if necessary) E
Enable HAC DMA E
HACACR.*DMA*EN = 1 !
_________________ ..
11.6.11 LCDC DMA 478 Description amended
Transfer

Figure 11.38 Example
of LCDC Data Transfer
Flow

[1] Set DMAOR, DMARCR, and DMARSRA so that DMABRG

can be used.

12.3 Clock Operating 491

Table amended

MOdeS Frequency
Clock Pin Combination (vs. Input Clock)

Table 12.2 Clock Operating CPU  Bus  Peripheral FRQCR

Operating MOdeS Mode MD2 MD1 MDO PLL1 PLL2 Clock Clock Clock Initial Value
0 0 0 0 On (x12) On 12 3 3 H'OE1A
1 0 0 1 On (x12) On 12 32 3/2 H'0E2C
2 0 1 0 On (x6) On 6 2 1 H'OE13
3 0 1 1 On (x12) On 12 4 2 H'OE13
4 1 0 0 On (x6) On 6 3 32 H'0OEOA
6 1 1 0 Off (x6)  Off 1 12 12 H'0808

14.4 Usage Note 531 Newly added
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15.3 Register 536 Table amended

Descriptions Manual Reset Standby

. Power-on by RESET Sleep by

Table 15.2 Reg|3ter Reset by Pin/WDT/ by Sleep Software/

Configuration (2) RESET Pin/  Multiple Instruction/ by Each
Ch. Register Name Abbrev. WDT/H-UDI  Exception Deep Sleep Hardware Module
Common Timer start register TSTR  H'00 H'00 Retained # H'00

15.6.3 External Clock 545
Frequency

Description amended

Ensure that the external clock (TCLK) frequency for each
channel does not exceed Pck/8.

16.3.4 IRQ Status 557
Register (CMTIRQS)

Table amended
Bit Bit Name Initial Value R/W

11 103 0 R/WCO0* Channel 3 to 0 Interrupt Overflow

10 102 0 R/WCO* A bit for each channel indicates if the up-counters
or updown-counters have wrapped i.e. overflowed

9 101 0 R/WCO* from H'FFFF to H'0000 or underflowed from

100 0 R/WC0* H'0000 to H'FFFF.

0: The count has not overflowed or underflowed
1: The count has overflowed or underflowed

7 IC3 0 R/WCO* Channel 3 to 0 Interrupt Compare

6 Ic2 0 R/WCO* A bit for each channel indicates whether in timer
mode, the free-running timer has become equal to

5 IC1 0 R/WCO* the channel times.

4 ICo 0 R/WCO0* 0: Timer has not become equal to the channel

time value
1: Timer has become equal to the channel time
value

3 IE3 0 R/WCO0* Channel 3 to 0 Interrupt Edge

2 IE2 0 R/WCO* A bit for each channel indicates whether an edge
that wil cause an action (active edge) has been

1 IE1 0 R/WCO0* gefected.

0 IEO 0 R/WCO0* 0: Channel 3 to 0 has not received an active edge
1: Channel 3 to 0 has received an active edge

Note added

Note: * Writing O to clear the bit to 0 is allowed.

16.4.4 16-Bit Timer: 562
Input Capture

Description amended

The counters will  be cleared to H'0000 by disabling the timer

enable bits.

16.4.5 16-Bit Timer: 563
Qutput Compare

Description amended

The counters will  be cleared to H'0000 by disabling the timer

enable bits.

16.4.7 Counter: Up- 565
Counter with Capture

Description amended

The counter will  be cleared to H'0000 by disabling the timer

enable bit.
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17.3 Register 574 Table amended
Descriptions Sync
. . Register Name R/W P4 Address Area7 Address Size Clock
Table 17.2 Register -
Configuraton(1) g0
Receive FIFO data count SCRFDRO R H'FE60 0020 H'1E60 0020 16 Pck
register 0
1 Transmit FIFO data count SCTFDR1 R H'FE61 001C H'1E61 001C 16 Pck
register 1
Receive FIFO datacount ¢ SCRFDR1 R HFE610020  H1E610020 16  Pok
register 1
575 e
Ch. Register Name Abbrev. R/W P4 Address Area 7 Address Size  Clock
2 Transmit FIFO data count SCTFDR2 R H'FE62 001C H'1E62 001C 16 Pck
register 2
Receive FIFO data count SCRFDR2 R H'FE62 0020 H'1E62 0020 16 Pck
register 2
17.3.14 Serial Error 601 Figure and table amended
Register (SCRER) Bt 15 14 13 12 11 9 8 7 6 5 4 3 2 1 0
- |PEH6|PER5 |PEH4|PEH3|PER2| PER1|PERO| - | FER6| FEHSlFEFMlFEHS | FER2|FER1 | FERO|
Initial value: 0 0 0 0 0 o0 0 0 0 o0 o0 o0 0 0 0
RW: R R R R R R R R R R R R R R R R
Bit Bit Name Initial Value R/W Description
15 — 0 R Reserved
This bit is always read as 0. The write value
should always be 0.
14 PER6 0 R Number of Parity Errors
13 PER5 0 R These bits indicate the number of data bytes in
12 PER4 0 R which a parity error occurred in the receive data
1" PER3 0 R stored in SCFRDR.
10 PER2 0 R After the ER bit in SCFSR is set, the value
9 PER1 0 R indicated by bits PER6 to PERO is the number of
8 PERO 0 R data bytes in which a parity error occurred.
If all 128 bytes of receive data in SCFRDR have
parity errors, the value indicated by bits PER6 to
PERO will be 0.
7 - 0 R Reserved
This bit is always read as 0. The write value
should always be 0.
6 FER6 0 R Number of Framing Errors
5 FER5 0 R These bits indicate the number of data bytes in
4 FER4 0 R which a framing error occurred in the receive data
3 FER3 0 R stored in SCFRDR.
2 FER2 0 R After the ER bit in SCFSR is set, the value
1 FER1 0 R indicated by bits FER6 to FERO is the number of
0 FERO 0 R data bytes in which a framing error occurred.
If all 128 bytes of receive data in SCFRDR have
framing errors, the value indicated by bits FER6 to
FERO will be 0.
17.6 Usage Notes 626 Description added
(7) Notes on the TEND
Flag
19.3.1 Slave Control 667 Table amended

Register (ICSCR) Bit BitName Initial Value R/W  Description
2 s o RW  Slave Interface Enable
Ensure to set this bit to 1 to have the slave to
operate. If this bit is low, the slave interface is
reset.
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19.3.5 Master Control 674
Register (ICMCR)

Table amended
Bit Bit Name Initial Value R/W

Description

Force Stop onto the Bus

Setting FSB to 1 will have the master issue a stop
onto the bus at the end of the current transfer. If
ESG is also 1, the master immediately issues a
start and begins transmitting a new data packet. If
ESG is 0, the master enters the idle state.

Set FSB to 1 when the TEND flag is set to 1
during transmission in the FIFO buffer mode, or
when the RDF flag is set to 1 during reception in
the FIFO buffer mode.

In single buffer mode, when the last bit of a byte
is transmitted/received, the I°C module latches the
FSB value and enters the STOP state. Therefore,
to stop the transfer after a specified number of
bytes are transferred, the FSB bit must be set to 1
before the last byte is transferred.

Note: Check section 19.7, Usage Notes, when

using this bit.
19.3.6 Master Status 676 Table amended
Register (ICMSR) Bit  BitName Initial Value RW  Description
2 Mot o RW+  Master Data Transmission
The master has transmitted a byte of data to the
slave on the bus. This status bit becomes 1 after
the falling edge of SCL during the last data bit
transmission.
0 MAT 0 R/W* Master Address Transmission

The master has transmitted the slave address
byte of a data packet. This bit becomes 1 after the
falling edge of SCL during the output of the ack bit
which is sent after an address.

19.3.14 Receive FIFO 687
Data Count Register
(ICRFDR)

Description amended

H'0000 0000 indicates that ICRXD contains no receive data,
while H'0000 0010 indicates that it holds 16 bytes of receive

data.

19.3.15 Transmit FIFO 687
Data Count Register
(ICTFDR)

Description amended

H'0000 0000 indicates that ICTXD contains no transmit data,
while H'0000 0010 indicates that it holds 16 bytes of transmit

data.
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19.4.8 Master
Transmit Operation
(Single Buffer Mode)

693

Description amended

This section describes the transmit procedure and operations
in master transmit mode. Figures 19.9 to 19.11 are the timing
charts in master transmit mode. Setting the MDBS bit to 1 in
the master control register has the 12C module enter single
buffer mode.

1. For initial setting, set clock control bits in the clock control
register and interrupt generation bits in the master interrupt
enable register, according to the slave address, transmit
data, and the transmit speed. Since the slave mode is also
required even when only the master mode is used, set the
device address to the slave address register.

Do not modify either the master control register MDBS bit
or the slave control register SDBS bit during operation.
Incorrect operation may occur if these bits are changed
during operation.

19.5.1 Master

Transmitter Operation

(FIFO Buffer Mode)

697, 698 Description amended

Notes:

2. FSB must be set to 1 at least one SCL clock cycle after the
transmit FIFO data empty flag (TDFE) is set, and within 9
SCL clock cycles following that flag being set. (See figure
19.15.)* For example, to transfer 3 bytes of data, after 3
bytes of data have been written to the FIFO and transferred,
verify that TDFE = 1 either by poling or with the transmit
FIFO data empty (TXI) interrupt and then set FSB after the
first SCL clock cycle and before the ninth SCL clock cycle
completes following TDFE being set to 1. Note that care is
required concerning the timing with which FSB is set in
application system, in particular, check the interrupt
response and handling times carefully.

Note: * If FSB is not set with this timing, the stop condition (P)
may not be issued correctly.

19.6.1 Master 699 Description amended
Transmitter (Single (a) Wait for a master event (the MDE bit in the master status
Buffer Mode) register).
(4) Monitofr ctjh? ot (b) Load the next data byte into the transmit data register.*
fr:aongsrrisi:sci)on'a abyte Note: * There is no need to observe the limitation that

’ "execution must continue until the first data byte has

been output” in this case.

19.6.4 Master 702 Description amended

Transmitter (FIFO
Buffer Mode)

8. Set FSB to 1 after 1 SCL clock period has completed and
before 9 SCL clock periods have completed after TDFE was
setto 1.

(See figure 19.15)
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19.6.5 Master 703 3. Set the RDF trigger value to ICFCR.
Receiver (FIFO Buffer Verify that RDF is 0. (If RDF is 1, read the data from ICRXD
Mode) and then clear RDF to 0.)

4. ICMCR=H'0000 0009 (set ESG) /ESG=1, MIE=1, MDBS=0.
(At this point, the slave address is output onto I-C bus.)

5. Wait for MAT, and clear ESG.

6. Wait for RDF, and read the data received from ICRXD.

ICFSR=H'0000 0000 (clear the flag)
(Repeat)
7. Wait for RDF, and set FSB to 1.

8. Wait for one bit period after setting RDF to 1 and read the
data received from ICRXD.

19.7.1 Restriction 1 703, 704 Description replaced

19.7.2 Restriction 2 704, 705 Description replaced

20.3 Register 709 Table amended

Descriptions Syne
Ch. Register Name Abbrev. R/W P4 Address  Area 7 Address Size  Clock

Table 20.2 Register e e s

SSITDRO RW H'FE68 0008 H'1E68 0008 32 Pck
Conflguratlon (1 ) SSITDR1 R/W H'FE69 0008 H'1E69 0008 32 Pck
20.3.1 Control 711 Table amended
Register (SSlCR) Bit Bit Name Initial Value R/W Description
15 SCKD 0 R/W Serial Bit Clock Direction
0: Serial clock input, slave mode
1: Serial clock output, master mode
Note: In uncompressed mode (CPEN = 0),
(SCKD, SWSD) may only be set to (0, 0)
or (1, 1).
14 SWSD 0 R/W Serial WS Direction
0: Serial word select input, slave mode
1: Serial word select output, master mode
Note: In uncompressed mode (CPEN = 0),
(SCKD, SWSD) may only be set to (0, 0)
or(1,1).
743 Bit  BitName InitialValue RW  Description
41 spop T o TTRW T Serial Padding Polarity

This bit is ignored if CPEN = 1.

0: Padding bits are low

1: Padding bits are high

Note: When MUEN = 1, the padding bits will be
at the low level. (The muting function
takes priority.)
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20.3.1 Control 714 Table amended
Register (SSICR)

Serial Data Delay

0: 1 clock cycle delay between SSI_WS and
SSI_SDATA

: No delay between SSI_WS and SSI_SDATA
This bit must be set to 1 when CPEN = 1. A
one-clock cycle delay is not supported when
the SSI module is configured to be a slave
transmitter (SWSD = 0 and TRMD = 1). In this
situation, this bit should be set to 0.

Description

"""""""""""""""""""""""""" Compressed Mode Enable
0: Compressed mode disabled
1: Compressed mode enabled

Note: In compressed mode (CPEN = 1), only
use operations other than slave
transmitter (SWSD = 0 and TRMD = 1).

715

20.3.2 Status Register 720 Table amended
(SS'SR) Bit Bit Name Initial Value R/W Description

0 IDST 1 R Idle Mode Status Flag
Indicates that the serial bus activity has ceased.
This bit is cleared if EN = 1 and the Serial Bus is
currently active.
This bit can be set to 1 automatically under the
following conditions.
SSI = Serial bus master transmitter (SWSD = 1
and TRMD = 1):
This bit is set to 1 if the EN bit is cleared and the
current system word is completed. It can also be
set to 1 when the EN bit has been cleared and the
data that has been written to SSITDR is output on
the serial data input/output pin (SSI_SDATA), j.e.,
the serial data of the system word length is output.
SSI = Serial bus master receiver (SWSD = 1 and
TRMD = 0):
This bit is set to 1 if the EN bit is cleared and the
current system word is completed.
SSI = Slave transmitter/ receiver (SWSD = 0):
This bit is set to 1 if the EN bit is cleared and the
current system word is completed. To terminate
the transfer, clear SSICR.EN to 0 and continue to
input the WS signal until SSICR.IDST becomes 1.
Note: If the external device stops the serial bus
clock before the current system word is
completed then this bit will never be set.

20.3.3 Transmit Data 721 Figure amended
Register (SS'TDR) Bt 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
Initialvalue: _© 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
Bt 15 14 13 12 1110 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

RW: RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW
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20.4.1 Bus Format 722 Table amended
Table 20.3 Bus slz|2
Formats of SSI Module 2lzlel8] |Elzlolzlz|oclslsl8le S 5|2
BusFormatE%§§E§EE%§%§§%%§%E§
Non-Compressed o|o0|0|oO Control bits Configuration bits
Slave Receiver
Non-Compressed 1/]0]|0|0
Slave Transmitter
Non-Compressed ojo |11
Master Receiver
Non-Compressed 11011
Master Transmitter
Compressed Slave | 0 | 1 [0/1| O Control bits 1 Ignored |Configu-| Ignored
Receiver ration
bits
Compressed Slave Cannot be used
Transmitter
Compressed 0|1 (011 Control bits 1 Ignored |Configu-| Ignored
Master Receiver ration
Compressed 1] 1]011 [ 1] s
Master Transmitter
20.4.2 Non- 727 Figure amended
Compressed Modes SCKP =0, SWSP =0, DEL = 1, CHNL = 01, SPDP = don't
Figure 20.6 care, SDTA = don't care...
Multichannel Format (4
Channels, No Padding)
Figure 20.7 Figure amended
Multichannel Format (6 SCKP = 0, SWSP = 0, DEL = 1, CHNL = 10, SPDP = 1,...
Channels with High
Padding)
Figure 20.8 728 Figure amended
Multichannel Format (8 SCKP = 0, SWSP = 0, DEL = 1, CHNL = 11, SPDP =0, ...
Channels, with Padding
Bits First, Followed by
Serial Data, with
Padding)
20.4.3 Compressed 732 Figure amended
Modes TRMD =1, CPEN = 1, SCKD = 1, SWSD = 1, SWSP =0,
Figure 20.18 BREN =0
Compressed Data
Format, Master
Transmitter, Burst
Mode Disabled
Figure 20.19 Figure amended
Compressed Data TRMD =1, CPEN = 1, SCKD = 1, SWSD = 1, SWSP =0,
Format, Master BREN = 1
Transmitter, and Burst
Mode Enabled
(2) Slave Transmitter 733 Description amended

This mode cannot be used.
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20.5.2 Notes on 742
Stopping SSI Module
Slave Mode Operation

Newly added

Section 21 USB Host 743
Module (USB)

Description amended

The USB Host Controller module supports Open Host
Controller Interface (Open HCI) Specification®* for the
Universal Serial Bus (USB) as well as the Universal Serial Bus
specification ver.1.1%",

21.1 Features 743 Note added
e Supports the register set compliant with the Open Host
Controller Interface (Open HCI) Specification Release 1.0*
e Compatible with the Universal Serial Bus Ver.1.1*'
Specifications.
Notes:
1. Moreover, refer to the USB Host Electrical Characteristics
section for the electrical characteristics of USB Host.
2. Part of registers is not supported. For details, see section
21.3, Register Descriptions and section 21.6, Restrictions
on HcRhDescriptorA.
21.4 Memory 782 Description amended

When USB HC (Host controller) reads the data at the following
4 Kbyte boundary address in the USB shared memory, the
wrong data may be returned to USB HC.

The wrong access address whish USB HC (Host controller) is
using.

H'0000 OFFC—H'0000 OFFF

H'0000 1FFC—H'0000 1FFF

21.5.1 Storage Format 783
of Transfer Data

Description amended

The USB host assumes that data will be stored sequentially,
in little endian order, from low to high addresses, regardless
of the CPU endian setting. Figure 21.3 shows USB read
operation.
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21.5.1 Storage Format 783 Description amended

of Transfer Data The data in memory mentioned above and the data read by
the USB host must always correspond. When reading data
from external memory, the USB host always reads data in
longword units regardless of the endian setting. The USB
host assumes that read data is in the little endian order, that
is, the byte order that places the first byte in the lowest
address and the last byte in the highest address. That is,
during operation of this IC, data must be stored sequentially
in longword units in little endian order from low to high
addresses, regardless of whether the endian setting is little
endian or big endian.

An example of failure is shown in figure 21.4.

In this example, USB host controller does not receive #H'12,
which is the expected transfer data.

The USB host controller, when writing, stores data
sequentially starting with the low order bits in memory in little
endian order, so that the data is read/written correctly from
both sides regardless of the endian setting. That is, the data
is always aligned in little endian format.

22.5.4 |Interrupt 818 Table amended
Request Register Bit Bit Name Initial Value R/W Description
(CAN'RR) 15 — 0 R Reserved

The write value should always be 0. The read
value is not guaranteed.

819 Table amended

Bit Bit Name Initial Value R/W Description

11,10 — AllO R Reserved
The write value should always be 0. The read
value is not guaranteed.

22.5.5 Interrupt Mask 824 Table amended
Register (CAN'MR) Bit Bit Name Initial Value R/W Description
15,11, — All 1 R Reserved
10 The write value should always be 1. The read

value is not guaranteed.
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22.6.2 HCAN2 Settings 841 Figure amended
Figure 22.5 Reset Reset sequence
Sequence Configuration mode

| Power on/software reset*! |

!

| Clear MCRO |

!

Clear all Mailboxes*2
(MSG control,data,
time stamp,LAFM)

l

This takes
23 clocks

| Clear IRRO |
[ clear required canmr | HCAN2 is in normal mode
l Set CANTXPR to start
transmission or stay idle
| Set LAFM | for reception
l Normal mode
[ setcanTGRand canTcmR |
l Detect 11 recessive bits and
join the CAN bus activity
Mailbox settings ‘
(STD-ID, EXT-ID, DLC, RTR, l l

IDE, MBC, MBIMR, DART,
ATX, NMC, LAFM)

]

| Set CANBCR{{, 0] |

[

Receive*3 Transmit*3

| Timer start+

22.6.4 Message 845 Figure amended
Reception Sequence e [ ”””””””
Figure 22.8 Message 3

Receive Sequence ! [ Read Mailbox(NJ*

Read RXPR[N]=1

Read IRR

ECPU received interrupt
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22.7 Usage Notes 848

Newly added

23.4.5 HSPI Software 864
Reset

Description deleted

The data transmission after the HSPI software reset should
protect transmitting and receiving protocol of HSPI, and
please perform it from the first. A guarantee of operation is
not offered other than it.

24.1 Features 867

Description deleted

For details of multiplexed pins, refer to table 24.1, Multiplexed
Pins Controlled by Port Control Registers. For pin
multiplexing in this LSI, refer to table 1.3 and 1.4. By default,
each pin of the ports is pulled up.

Table 24.1 Multiplexed 868

Table amended

Pins Controlled by Port MFI Mode LCD Mode  Register
Control Registers P e e Pot GPIO .....mo7=0) . (MD7 =1)  Setting
VCPWC/IRQ4 E PTE1 input/output IRQ LCDC
VEPWC/IRQ5 E PTEO input/output IRQ LCDC
24.2.21 GPIO Interrupt 892 Table amended
Control Register Bit Name Pin Pin Name Port Interrupt Type
(GPIOIC) PTIREN15 T2 MFI-RW/LCD_FLM PTE2 GPIO interrupt
PTIREN14 T MFI-RS/LCD_M_DISP PTE3
PTIREN13 R2 MFI-MD/LCD_CL2 PTE4
PTIREN12 R1 MFI-E/LCD_CL1 PTE5
PTIREN11 P2 MFI-CS/LCD_DON PTE6
PTIREN10 P1 MF-INT/LCD_CLK PTE7
PTIREN9 A13 SCIF2_CTS PTH6
STBRT8 A4 SCIF2_RTS PTH5
STBRT7 c18 USB_PENC PTH1
STBRT6 J20 FCE/AUDATA[3] PTK7
STBIRQ5 E2 VEPWC/IRQ5 PTEO IRQ interrupt
STBIRQ4 Ed VCPWC/IRQ4 PTEA
STBIRL3 M19 R3 IRL interrupt
STBIRL2 M20 R2
STBIRL1 N19 RLT
STBIRLO N20 TRLO

24.2.35 Peripheral 905
Module Select Register
(IPSELR)

Table amended
Bit Bit Name Initial Value R/W Description

11 IPSELR11 0 R/W  Out of the modules SSI[1]/[0] and HAC[1]/[0], select
10 IPSELR10 0 R/w the one using the pins
SSI0_SCK/HAC_SD_IN0/BS2,
SSI0_WS/HAC_SYNCO,
SSI0_SDATA/HAC_SD_OUTO,
SSI1_SCK/HAC_SD_INT,
SSI1_SDATA/HAC_SD_OUT1,
SSI1_WS/HAC_SYNCH1,
HAC_BIT_CLKO, and HAC_BIT_CLK1
00: SSI[0], SSI[1]
01: HAC[O]. SSI[1]
10:Setting prohibited
11:HACI[0], HAC[1]
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25.3.7 TX Status
Register (HACTSR)

920

Table amended
Bit Bit Name Initial Value R/W**

Description

31 CMDAMT 1 R/W

Command Address Empty

0: CSAR Tx buffer contains untransmitted data.

1: CSAR Tx buffer is empty and ready to store
data.*'

For details of HAC initialization steps, see the
operational flow in 25.5.5.

25.5.5 Restrictions
Related to
HACTCR.CMDAMT

Deleted

25.5.5 Initialization
Sequence

Figure 25.4 Sample
Flowchart for Off-Chip
Codec Register Write

930

Figure amended

Write to codec.

Set RetryCnt to 0.

Prerequisite:
HACACR.TX12_ATOMIC=1

Disable interrupts.

B
e

Write 0 to HACTSR.CMDAMT.
Write 0 to HACTSR.CMDDMT.

Set data in HACCSDR.

Set Addr in HACCSAR.
Enable interrupts.

Clear LoopCnt to 0.

Y

TSR.CMDAMT = 1&
TSR.CMDDMT = 1

Return

Notes: E1: Loop count required in the target system
(21<E1<1000)
Input: Addr: Address of codec register to be written to
Data: Data to be written to codec register
RetryCnt: Software counter for error detection
LoopCht: Software counter for wait insertion

7 Retrying procedure*

No

* Some CODEC devices may not complete accessing CODEC register within 1 slot time.

In this case, please execute this retrying procedure.
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25.5.5 Initialization 932 Figure amended
Seq uence Input: RegN (address of the codec register to be read)

Figure 25.6 Sample
Flowchart for Off-Chip

Codec Register Read

(cont)

WaitLoop_CMDAMT

No

| Return | | Error |

Input: RegN (address of the codec register to be read)
Clear LoopCnt2 to 0.

WaitLoop_RSR

I

No
Assign HACCSAR read _
m
‘k%b """"""""""""""" " ! Retrying procedure*
Addr (R) = RegN? : — ]
Yes 0 Wait for 5 ps. :
: LoopCnt2 ++ j
Assign HACCSDR read ]
value to DataT. : ;
| |
' 7 '
DataT is returned. | | Error |

Note: E2: Loop count required in the target system
(13<E2)
LoopCnt2: Software counter for wait insertion
Addr: Variable to hold HACCSAR read value
DataT: Variable to hold HACCSDR read value

* Some CODEC devices may not complete accessing CODEC register within 1 slot time.
In this case, please execute this retrying procedure.

26.8 Usage Note 994 Newly added

Section 28 User 1019 The H-UDI consists of six pins: TCK, TMS, TDI, TDO, TRST,

Debug Interface (H- and ASEBRK/BRKACK. The pin functions and serial

uDl) communication protocol comprise a subset of the JTAG
standard.
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Section 28 User 1020 Figure amended
Debug Interface (H- CANO_NERR/AUDSYNC
uDlI) CAN1_NERR/AUDCK
. CANO_TX/AUDATA[O]
Figure 28.1 H-UDI CAN1_TX/AUDATA[1] IPSELR PFG
Block Diagram CANO_RX/AUDATA[2] 5
CAN1_RX/AUDATA[3] 3
=3
Reserved/aUDSYNG ) DX g2
Reserved/AUDCK £ |- Trace controller
ADTRG/AUDATA[O]
Reserved/AUDATA[1]
Reserved/AUDATA[2]
Reserved/AUDATA[3]
28.1 Input/Output Pins 1022 Figure amended
i When Not
Table 281 Pin Pin Name Abbreviation  1/0 Function in Use
Conflguratlon Emulator AUDSYNC/ Output Emulator Connection Open**
AUDCK/ When bit 13 of IPSELR in the PFC is set to 1,
AUDATA[3] to signals are output to the following pins.
AUDATA[0] CANO_TX/AUDATA[0]
CAN1_TX/AUDATA[1]
CANO_RX/AUDATA[2]
CAN1_RX/AUDATA[3]
CANO_NERR/AUDCK
CAN1_NERR/AUDSYNC
When bit 12 of IPSELR in the PFC is setto 1,
signals are output to the following pins.
ADTRG/AUDATA[0]
Reserved/AUDATA[1]
Reserved/AUDATA[2]
Reserved/AUDATA[3]
Reserved/AUDCK
Reserved/AUDSYNC
29.1 Features 1039 Description amended
e A/D conversion can be externally triggered (except in multi
mode)
29.3.2 A/D 1045 Table amended
Control/Status Register Bit Initial
(ADCSR) Bit Name Value R/W Description
i3 ApsT o TTTRW T AD St T
Starts or stops A/D conversion. This bit remains set to 1
during A/D conversion. It can also be set to 1 by external
trigger input (ADTRG) pin (except in multi mode).
0: A/D conversion is stopped
1:
1046 Bt it
1046 Bit Name Value R/W Description
11 TRGE1 0 R/W Trigger Enable
10 TRGEO 0 R/W External trigger input permits or prohibits A/D conversion.

These bits must be set while conversion is stopped.

00: When an external trigger is input, A/D conversion
does not start

01: Setting prohibited

10: Setting prohibited

11: A/D conversion starts at the falling edge of an input
signal from the external trigger input pin (ADTRG)
(except in multi mode)

Note: Clear bits TRGE1 and TRGEO to 0 before

switching the trigger signal.
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29.4.2 Multi Mode 1049 Description amended
1. When the ADST bit in ADCSR is set to 1 by software, A/D
conversion starts with the first channel (ANO).
29.4.5 External 1055 Description amended
Trigger Input Timing A/D conversion can also be started by an external trigger input
(except in multi mode)....
29.7.5 Notice of the 1059 Newly added
DMA transmission of
A/D converter
29.7.6 Notice of Scan 1060, Newly added
mode and Multi mode 1061
of A/D conversion
29.7.7 Notice of Multi 1061 Newly added
mode of A/D conversion
30.3 Register 1065 Table amended
Configuration Modification
. Area7 Sync During
Table 30.2 Register Register Name Abbrev. R/W P4 Address Address  Size Clock Display*
Conflguratlon (1) LCDC input clock register LDICKR  R/W HFE300C00 H1E300C00 16 Pck  No
LCDC module type register LDMTR R/W HFE30 0C02 H1E300C02 16 Pck No
LCDC data format register LDDFR R/W HFE30 0C04 H'1E300C04 16 Pck No
LCDC scan mode register LDSMR R/W HFE30 0C06 H'1E300C06 16 Pck No
LCDC display start address LDSARU R/W H'FE300C08 H'1E300C08 32 Pck Yes
register - upper
LCDC display start address LDSARL  R/W H'FE300C0C H1E300C0C 32 Pck Yes
register - lower
LCDC display line address offset LDLAOR ~ R/W HFE300C10 H1E300C10 16 Pck Yes
register
LCDC palette control register LDPALCR R/W H'FE300C12 H1E300C12 16 Pck No
Palette data registers 00 to FF~ LDPR00 to R/W H'FE30 0800 H'1E300800 32 Pck Yes
FF*
LCDC horizontal character LDHCNR R/W H'FE30 0C14 H'1E300C14 16 Pck No
number register
LCDC horizontal synchronization LDHSYNR R/W H'FE30 0C16 H'1E300C16 16 Pck No
signal register
LCDC vertical display line numberLDVDLNR R/W H'FE30 0C18 H'1E300C18 16 Pck No
register
LCDC vertical total line number LDVTLNR R/W HFE30 0C1A H'1E300C1A 16 Pck No
register
LCDC vertical synchronization ~ LDVSYNR R/W H'FE30 0C1C H1E300C1C 16 Pck No
signal register
LCDC AC modulation signal LDACLNR R/W HFE300C1E H1E300C1E 16 Pck Yes
toggle line number register
LCDC interrupt control register ~ LDINTR R/W HFE300C20 H1E300C20 16 Pck No
LCDC power management mode LDPMMR  R/W H'FE30 0C24 H'1E300C24 16 Pck No
register
1086 Modification
Area7 Sync During
Register Name Abbrev. R/W P4 Address Address Size Clock Display**
LCDC power supply sequence LDPSPR  R/W H'FE300C26 H'1E300C26 16 Pck No
period register
LCDC control register LDCNTR R/W H'FE300C28 H'1E300C28 16 Pck No
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30.3 Register Notes added

Configuration Notes: 1. There are 256 registers: LDPR00, LDPROT, ...... |
Table 30.2 Register LDPRFF. These registers are allocated to H'FE30
Configuration (1) 0800, H'FE30 0804, ...... , HFE30 0BFC.

2. Modification During Display - Yes: Modification
during display on the LCD allowed, No: Modification
during display on the LCD not allowed.

30.3.10 LCDC 1080 Note amended
Horizontal Character Note: The values set in HDCN and HTCN must satisfy the
Number Register relationship of HTCN > HDCN + 3.
(LDHCNR)
30.3.17 LCDC Power 1088 Table amended
Management Mode Bit Bit Name Initial Value R/W  Description
Register (LDPMMR) 4 DONE 1 R/W  LCD_DON Pin Enable
Sets whether or not to enable a power-supply
control sequence using the LCD_DON pin.
0: Disabled: LCD_DON pin output is masked and
fixed low
1: Enabled: LCD_DON pin output is asserted and
negated according to the power-on or power-off
sequence
30.4.6 Power Supply 1099 Figure amended
Control Sequence AP S R S S
Processing (out) ° ‘ms‘zg\/sigf: :| Low. X Arbitrary Low
Figure 30.4 Power-
Supply Control
Sequence and States of
the LCD Module
Figure 30.5 Power- Figure amended
Supply Control s o e
Sequence and States of (oun Dispiay date, 1 Tow X Arbirary X Tow
the LCD Module i R R S S
Figure 30.6 Power- 1100 Figure amended
Supply Control '(;L{{[i.;,;.;;;;{;"("'L;;v"":'U'm;,"n'""""""""';n;i;r;y' """"""""""""""""""

Sequence and States of
the LCD Module

Figure 30.7 Power-
Supply Control

timing signal

Figure amended

(out) Display data, :

Sequence and Statesof e —— — —
the LCD Module

30.6 Usage Notes 1117 Newly added

32.2 Register Bits 1178 Table amended

Bit31/ Bit30/ Bit29/ Bit28/ Bit27/ Bit26/ Bit25/ Bit24/

Abbrev. 23/15/7  22/14/6 21/13/5 20/12/4 19/11/3 18/10/2 17/9/1  16/8/0 Module
SCRERO — PER6 PERS PER4 PER3 PER2 PER1 PERO
— FER6 FER5 FER4 FER3 FER2 FER1 FERO
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32.2 Register Bits 1179 Table amended
Bit31/ Bit30/ Bit29/ Bit28/ Bit27/ Bit26/ Bit25/ Bit24/
Abbrev. 23/15/7 22/14/6 21/13/5 20/12/4 19/11/3 18/10/2 17/9/1 16/8/0 Module
1 1 80 Bit 31/ Bit29/ Bit28/ Bit27/ Bit26/ Bit25/ Bit24/
Abbrev. 23/15/7 22/14/6 21113/5 20/12/4 19/11/3 18/10/2 17/9/1 16/8/0 Module
SCRERZ = PER6  PERS  PER4  PERS  PER2  PER1  PERO
— FER6 FERS FER4 FER3 FER2 FER1 FERO
33.1 Absolute 1225 Table amended
Maximum Ratings ltem Symbol Value Unit
1/0, CPG, ADC power supply V. 0.3t0 4.6 \
Tablg 33.1 Apsolute voliage v
Maximum Ratings v
Internal power supply voltage Voo 0.3t02.1 \
VDDPLUEA
Input voltage V., -0.3 10 V,,,+0.3, -0.5 to 5.5+ A
Operating temperature** T, —20 to 75/-40 to 85 °C
Storage temperature Te -551t0 125 °C
Note added
Notes: 1. The LS| may be permanently damaged if the
maximum ratings are exceeded.
2. The LSI may be permanently damaged if any of the
VSS pins are not connected to GND.
3. For the powering-on and powering-off sequence,
see Appendix F, Power-On and Power-Off
Procedures.
*1 For 1I2C0_SCL, I12C0_SDA, I12C1_SCL, I12C1_SDA.
*2 See table G.1.
33.2 DC 1226 Table amended
Characteristics O ! Symbol Min. Typ. _ Max. Unit _Test Conditions
Input voltage  12C1_SCL, I2C1_SDA V,, Vo,w — 55
Table 33-? .DC 12C0_SCL, 12C0_SDA x 0.7
Characteristics (Ta= Other input pins 22 — V.,
—20 to 75°C/-40 to +03
85°C)
o907  tem Symbol Min. Typ.  Max. Unit  Test Conditions
Input voltage  12C1_SCL, I2C1_SDA V_ -05 — Voo V
,,,,,,,,,,,,,,,,, 12C0_SCL, 12C0_SDA L X88 .
Output voltage All output pins* Vo Voo A
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, MO8
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33.2 DC 1227 Note amended

Characteristics Notes:

Table 33.2 DC

Characteristics (Ta=
—20 to 75°C/-40 to
85°C)

1. Regardless of whether or not the PLL is used, please supply
the same voltage to Vooa, AVcc_aoc, Voo-crs, SUpply the same
voltage Voo zzand Voo, connect Vss, Vsscra, and Voo-pu 12310
GND. The LSI may be damage when not filling this.

* ]2Cn_ SCL and I12Cn_SDA pins are removed.

33.3.1 Clock and 1229 Table condition amended
Control Signal Timing (Vooa =3.0t0 3.6 V, Voo = 1.5 V, Ta = =20 to 75°C/-40 to
Table 33.5 Clock and 85°C, CL =30 pF, PLL2 on)
Control Signal Timing
33.3.2 Control Signal 1236 Table condition and table amended
Timing (Vooa = 3.01t0 3.6 V, Voo = 1.5 V, Ta = —20 to 75°C/-40 to
Table 33.6 Control 85°C, C. = 30 pF, PLL2 on)
Signal Tlmlng Item Symbol Min. Max. Unit  Figure
“Bus tr-state delay ime to standby mode  t., - T see )
Bus buffer on time taont — 12 ns 33.15
Bus buffer on time from standby toons — 2 t 33.16 (2)
STATUS 0/1 delay time ten — 6 ns 33.16 (1)
toros _ 2 t 33.16 (1) (2)
tros _ 2 t,, 33.16 (2)
Figure 33.16 (1) Pin 1237,  Figure replaced
Drive Timing for Reset 1238
or Sleep Mode
Figure 33.16 (2) Pin
Drive Timing for
Software Standby Mode
33.3.3 Bus Timing 1239 Table condition amended
Table 33.7 Bus Timing (Vopa=3.0t03.6 V, Voo = 1.5V, Ta = -20 to 75°C/-40 to
85°C, C. = 30 pF, PLL2 on)
33.3.4 INTC Module 1272 Table condition amended
Signal Timing (Vooa = 3.0 0 3.6 V, Voo = 1.5 V, T = 20 to 75°C/-40 to
Table 33.8 INTC 85°C, C. = 30 pF, PLL2 on)
Module Signal Timing
33.3.5 DMAC Module 1272 Table condition amended
Signal Timing (Vooa = 3.00 3.6 V, Voo = 1.5 V, Ta = ~20 to 75°C/-40 to
Table 33.9 DMAC 85°C, C. =30 pF, PLL2 on)
Module Signal Timing
33.3.6 TMU Module 1273 Table condition amended

Signal Timing
Table 33.10 TMU
Module Signal Timing

(Voo = 3.0 10 3.6 V, Voo = 1.5 V, Ta = —20 to 75°C/-40 to
85°C, C. = 30 pF, PLL2 on)
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33.3.7 SCIF Module 1274 Table condition amended

Signal Timing (Vooa = 3.010 3.6 V, Voo = 1.5 V, Ta = —20 to 75°C/-40 to

Table 33.11 SCIF 85°C, CL = 30 pF, PLL2 on)

Module Signal Timing

33.3.8 H-UDI Module 1275 Table condition amended

Signal Timing (Vooa =3.0t0 3.6 V, Voo = 1.5 V, Ta = =20 to 75°C/—40 to 85°C,

Table 33.12 H-UDI CL =30 pF, PLL2 on)

Module Signal Timing

33.3.9 CMT Module 1276 Table condition added and table amended

Signal Timing (Vooa = 3.010 3.6 V, Voo = 1.5 V, Ta = —20 to 75°C/-40 to 85°C,

Table 33.13 CMT CL =30 pF, PLL2 on)

Module Slgnal Tlmlng ltem Symbol Min. Max. Unit Figure
CMT_CTR output delay time too — 8 ns 33.58
CMT_CTR input setup time tos 6 — ns 33.58
CMT_CTRinputholdtime b g L B

33.3.10 HCAN2 1277 Table condition added and table amended

Module Signal Timing (Vooa = 3.010 3.6 V, Voo = 1.5 V, Ta = —20 to 75°C/-40 to 85°C,

Table 33.14 HCAN2 CL =30 pF, PLL2 on)

Module Signal Timing Item Symbol Min.  Max. Unit  Figure
CAN_TX output delay time tomo — 6 ns 33.60
CAN_RX input setup time toans 4 — ns 33.60
CAN_RX input hold time toant 215) - ns 33.60

33.3.11 GPIO Signal 1278 Table condition added and table amended

Timing (Vopa=3.0t03.6 V, Voo = 1.5V, Ta = —20 to 75°C/-40 to 85°C,

Table 33.15 GPIO CL =30 pF, PLL2 on)

Signal Timing ltem Symbol  Min.  Max. Unit  Figure
GPIO output delay time toro — 9 ns 33.61
GPIO input setup time tops 7 — ns 33.61
GPIO input hold time topn 5 — ns 33.61

33.3.12 [FC Electrical 1279 Table condition added and table amended

Characteristics (Vooa = 3.0 10 3.6 V, Voo = 1.5 V, Ta = 20 to 75°C/-40 to 85°C,

Table 33.17 I°CDC CL =30 pF, PLL2 on)

Characteristics Item symbol  Min. Max. Unit  Test Condition
Input Voltage ~ V,, Vipo X 0.7 5.5 \

V. -0.5 Ve X0.3 V
-:I'gt;l-é-?;é?{-s-nlz-é-gljé“- 1280 Table condition added and table amended

(Vooa = 3.0 t0 3.6 V, Voo = 1.5 V, Ta = —20 to 75°C/—40 to 85°C,
CL =30 pF, PLL2 on)

ltem Symbol  Min. Typ. Max. Unit
12Cn_SCL frequency e — — 400 kHz
12Cn_SCL/I2Cn_SDArisetme | t,  20404cb* — 800 ns
12Cn_SCL/I2Cn_SDA fall time t, 20 +0.1 cb* — 300 ns
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33.3.12 [F’C Electrical 1280 Note added
Characteristics Notes: teee: ONE Pck cycle time
2,

Table 33.18 I'C Bus * Cb is the total capacity of one bus line. (max. 400 pF)
Interface Module Signal
Timing
Table 33.19 I’C 1280 Table condition added and table amended
Schmitt characteristics (Vooa =3.0t0 3.6 V, Voo = 1.5 V, Ta = —20 to 75°C/—40 to 85°C,

C.L =30 pF, PLL2 on)

ltem Symbol Min. Max. Unit Notes

Threshold voltage VTT+ Ve 0.7 — V  Threshold voltage: L - H

VTT- = Ve X 0.8 V. Threshold voltage: H — L
AVTT Ve X 0.05 — V. reference value between VTT+ and VTT—
33.3.13 HSPI Module 1282 Table condition added
Signal Timing (Vooa =3.0t0 3.6 V, Voo = 1.5 V, Ta = —20 to 75°C/—40 to 85°C,
Table 33.20 HSPI CL =30 pF, PLL2 on)
Module Signal Timing
Figure 33.64 HSPI 1283 Figure amended
Data Output/Input T T T T el T e
Timing - i X
tSUSP\FD( ‘HLSP\HX
e S i R R )
tsuspIT: tospiTx
Sggi& MTB MSB-1 X:

33.3.14 USB Electrical 1284 Table condition added
Characteristics (Vooa =3.0t0 3.6 V, Voo = 1.5 V, Ta = —20 to 75°C/-40 to
Table 33.21 USB DC 85°C)
characteristics
Table 33.22 USBAC 1285 Table condition added
characteristics (Vooa = 3.010 3.6 V, Voo = 1.5 V, Ta = —20 to 75°C/-40 to

85°C, C. = 30 pF, PLL2 on)
33.3.15 MFI Electrical 1287 Table condition added
Characteristics (Vooa =3.0t0 3.6 V, Voo = 1.5 V, Ta = —20 to 75°C/-40 to
Table 33.23 AC 85°C, C. = 30 pF, PLL2 on)
Characteristics of 68
Series Bus
Table 33.24 AC 1288 Table condition added

Characteristics of 80
Series Bus

(Vooa =3.0t0 3.6 V, Voo = 1.5V, Ta = 20 to 75°C/-40 to
85°C, C. = 30 pF, PLL2 on)
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33.3.16 SIM Module 1290 Table condition added
Signal Timing (Vooa = 3.010 3.6 V, Voo = 1.5 V, Ta = —20 to 75°C/-40 to
Table 33.25 SIM 85°C, C. = 30 pF, PLL2 on)
Module Signal Timing
33.3.17 MMCIF 1290 Table condition added
Module Signal Timing (Vooa =3.0t0 3.6 V, Voo = 1.5 V, Ta = —20 to 75°C/-40 to
Table 33.26 MMCIF 85°C, C. = 30 pF, PLL2 on)
Module Signal Timing
Figure 33.78 MMCIF — Deleted
Receive Timing (falling
edge sampling)
33.3.18 LCDC Module 1292 Table condition added
Signal Timing (Vooa =3.0t0 3.6 V, Voo = 1.5 V, Ta = —20 to 75°C/-40 to
Table 33.27 LCDC 85°C, C. = 30 pF, PLL2 on)
Module Signal Timing
33.3.19 HAC Interface 1293 Table condition added and table amended
Module Signal Timing (Vooa = 3.010 3.6 V, Voo = 1.5 V, Ta = —20 to 75°C/-40 to 85°C,
Table 33.28 HAC CL =30 pF, PLL2 on)
Interface Module Signal Item Symbol  Min. Max. Unit  Figure
Timing HAC BIT CLK input high level width Yo 2t ST ns 3381
HAC_BIT_CLK input low level width ter cow 2xt,.. — ns 33.81
33.3.20 SSI Interface 1294 Table condition added and table amended
Module Signal Timing (Vooa = 3.0 10 3.6 V, Voo = 1.5 V, Ta = 20 to 75°C/-40 to 85°C,
Table 33.29 SSI CL =30 pF, PLL2 on)
Interface Module Slgnal Item Symbol Min. Max. Unit Notes Figure
T|m|ng Output cycle time tosox 40 710 ns  output 33.83
Input cycle time teox 80 3300 ns input 33.83
Input high level width/Output high tyd/toe 30 — ns input, output  33.83
level width
Input low level width/Output low level t, /t,, 20 — ns  input, output  33.83
width
33.4 A/D Converter 1296 Table condition added
Characteristics (Ta = 25°C)
Table 33.30 A/D
Converter
Characteristics
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33.5 AC Characteristic 1297

Test Conditions

Figure amended

loL
Figure 33.88 Output
Load Circuit
LSI output pin DUT output
;|; C, ,]; VRer
loH
A. Package 1299 Figure replaced
Dimensions
Figure A.1 Package
Dimensions (BP-
256F/BP-256FV)
Figure A.2 Package 1300 Figure added
Dimensions (BP-
256B/BP-256BV)
B. Mode Pin Settings 1301 Table amended
External Fi
Table B1 C|OCk Clock Pin C;n?lr)ri':ation (vs. ::;:?g‘;gck)
Operating Modes Operating CPU  Bus _ Peripheral FRQCR
(SH7760) Mode MD2 MD1 MDO PLL1 PLL2 Clock Clock Module Clock Initial Value
0 0 0 0 On (x12) On 12 3 3 HOE1A
1 1 On (x12) On 12 3/2 3/2 H'OE2C
2 1 0 On(x6) On 6 2 1 H'0E13
3 1 On (x12) On 12 4 2 H'0E13
4 1 0 0 On (x6) On 6 3 3/2 H'OEOA
6 1 0 Off (x6)  Off 1 12 1/2 H'0808
C.1 Pin States 1304 Table amended
Table C.1 Pin States Reset Standby Bus
in Reset POWer'DOWn Signal Name Pin Name o Power-on Manual Sleep Software  Hardware Release
’ MD2+ | i | | z z |
State, and Bus- 272 —
MD3/CE2A* 110 PI* | 1/0° Z¥H z |
Released State MD4/CE2B+ [1le) PI¥ 1 /0 Z#H z 1
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C.2 Handling of
Unused Pins

1312

Description amended

When USB is not used

USB_DP: Pull-down outside the LSI.
USB_DM: Pull-down outside the LSI.
USB_PENC: Pull-up outside the LSI.
USB_OVC: Pull-up outside the LSI.
UCLK: Pull-up outside the LSI.
When ADC is not used

AV oo: Power supply

AV o0 Power supply

ANO to AN3: Pull-down outside the LSI.
Hardware Standby is not used

CA: Pull-up* outside the LSI

Note: * To prevent unwanted effects on other pins when using

external pull-up resistor, use independent pull-up
resistor for individual pin. For other unused pins, it is
recommended to handle the pin individually.

F. Power-on and
Power-off Procedures

1325 to
1327

Description replaced

G. Product Lineup

1328

Newly added

All trademarks and registered trademarks are the property of their respective owners.
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Section 1 Overview

Section 1 Overview

1.1 SH7760 Features

This LSI is a microcomputer, featuring an LCD controller, USB host, and other peripheral
functions. The SuperH™ RISC engine is a Renesas Technology-original 32-bit RISC (Reduced
Instruction Set Computer) microcomputer. The SuperH™ RISC engine employs a fixed-length 16-
bit instruction set, allowing an approximately 50% reduction in program size over a 32-bit
instruction set.

This LSI features the SH-4 CPU, which at the instruction set level is upwardly compatible with the
SH-1, SH-2, and SH-3 microcomputers. This LSI has an instruction cache, an operand cache that
can be switched between copy-back and write-through modes, a 4-entry full-associative
instruction TLB (translation look aside buffer), and MMU (memory management unit) with 64-
entry full-associative shared TLB. The sizes of the instruction cache and operand cache are 16
Kbytes and 32 Kbytes.

This LSI also features the bus state controller (BSC) that can connect to synchronous DRAM.
Also, because of its on-chip functions, such as an LCD controller, a USB host, timers, and serial
communication functions, required for multimedia and OA equipment, this LSI enables a dramatic
reduction in system costs.
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Section 1 Overview

The features of this LSI are listed in table 1.1.

Table 1.1  Features

Item Features

LSI ¢ Operating frequency: 200 MHz
e Performance: 360MIPS, 1.4 GFLOPS
e Voltage: 1.5V (internal), 3.3 V (I/O)
e Superscalar architecture: Parallel execution of two instructions
e Packages: 256-pin BGA (Size: 17 x 17 mm, pin pitch: 0.8 mm)
e External buses:
— Separate 26-bit address and 32-bit data buses
— External bus frequency: 67MHz
e Choice of MFI mode or LCD mode:

— MFI mode: 8-/16-bit parallel interface
(supports 68-/80-family interface)

— LCD mode: LCD controller/data output

CPU o Original Renesas Technology SuperH architecture

e 32-bit internal data bus

o General register file:
— Sixteen 32-bit general registers (and eight 32-bit shadow registers)
— Seven 32-bit control registers
— Four 32-bit system registers

¢ RISC-type instruction set (upward-compatible with SH-1, SH-2, and SH-3)
— Fixed 16-bit instruction length for improved code efficiency
— Load-store architecture
— Delayed branch instructions
— Conditional execution
— C-based instruction set

e Superscalar architecture (providing simultaneous execution of two
instructions) including FPU

e Instruction execution time: Maximum 2 instructions/cycle

o Virtual address space: 4 Gbytes (448-Mbyte external memory space)
e Space identifier ASIDs: 8 bits, 256 virtual address spaces

¢ On-chip multiplier

e 5-stage pipeline
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Section 1 Overview

Item

Features

FPU

On-chip floating-point coprocessor

Supports single-precision (32 bits) and double-precision (64 bits)
Supports IEEE754-compliant data types and exceptions

Two rounding modes: Round to Nearest and Round to Zero

Handling of denormalized numbers: Truncation to zero or interrupt
generation for compliance with IEEE754

Floating-point registers: 32 bits x 16 x 2 banks

— (single-precision: 32-bit x 16 or double-precision: 64-bit x 8) x 2 banks

32-bit CPU-FPU floating-point communication register (FPUL)

Supports FMAC (multiply-and-accumulate) instruction

Supports FDIV (divide) and FSQRT (square root) instructions

Supports FLDIO/FLDI1 (load constant 0/1) instructions

Instruction execution times:

— Latency (FMAC/FADD/FSUB/FMUL): 3 cycles (single-precision), 8
cycles (double-precision)

— Pitch (FMAC/FADD/FSUB/FMUL): 1 cycle (single-precision), 6 cycles
(double-precision)

Note: FMAC is supported for single-precision only.

3-D graphics instructions (single-precision only):

— 4-dimensional vector conversion and matrix operations (FTRV): 4
cycles (pitch), 7 cycles (latency)

— 4-dimensional vector inner product (FIPR): 1 cycle (pitch), 4 cycles
(latency)

5-stage pipeline
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Section 1 Overview

Item Features
Clock pulse ¢ Choice of main clock: 1, 6, or 12 times EXTAL
generator (CPG)

e Clock modes:

— CPU frequency: 1, 1/2, 1/3, 1/4, 1/6, or 1/8 times main clock

— Bus frequency: 1, 1/2, 1/3, 1/4, 1/6, or 1/8 times main clock

— Peripheral frequency: 1/2, 1/3, 1/4, 1/6, or 1/8 times main clock
e Power-down modes:

— Sleep mode

— Deep sleep mode

— Standby mode

— Hardware standby mode

— Module standby mode

¢ Single-channel watchdog timer

Memory e 4-Gbyte address space, 256 address space identifiers (8-bit ASIDs)
management

unit (MMU) Single virtual mode and multiple virtual memory mode

e Supports multiple page sizes: 1 Kbyte, 4 Kbytes, 64 Kbytes, 1 Mbyte
e 4-entry fully-associative TLB for instructions
e 64-entry fully-associative TLB for instructions and operands

e Supports software-controlled replacement and random-counter
replacement algorithm

e TLB contents can be accessed directly by address mapping
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Section 1 Overview

Item

Features

Cache memory

Instruction cache (IC)

— 16-Kbyte, 2-way set associative (LRU)

— 256 entries, 32-byte block length

— Cache-double-mode (16-Kbyte cache)

— Index mode

Operand cache (OC)

— 32-Kbyte, 2-way set associative (LRU)

— 512 entries, 32-byte block length

— Cache-double-mode (32-Kbyte cache)

— Index mode

— RAM mode (16-Kbyte cache + 16-Kbyte RAM)

— Choice of write method (copy-back or write-through)
Single-stage copy-back buffer, single-stage write-through buffer

Cache memory contents can be accessed directly by address mapping
(usable as on-chip memory)

Store queue (32 bytes x 2 entries)

Interrupt controller
(INTC)

Nine independent external interrupts: NMI, IRL3 to IRLO, and IRQ7 to
IRQ4

15-level signed external interrupts: IRL3 to IRLO

On-chip peripheral module interrupts: Priority level can be set for each
module

User break
controller (UBC)

Supports debugging by means of user break interrupts
Two break channels

Address, data value, access type, and data size can all be set as break
conditions

Supports sequential break function
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Section 1 Overview

Item Features

Bus state e Supports external memory access

controller (BSC) e External memory space divided into seven areas, each of up to 64

Mbytes, with the following parameters settable for each area:
— Bus size (8, 16, or 32 bits)
— Number of wait cycles (hardware wait function also supported)
— SRAM, synchronous DRAM, or burst ROM
— Supports PCMCIA interface (only in little endian mode)
¢ Synchronous DRAM refresh functions:
— Programmable refresh interval
— Supports auto refresh mode and self-refresh mode
e Synchronous DRAM burst access function

¢ Big endian or little endian mode can be set

Direct memory ¢ 8-channel physical address DMA controller
?Sﬁﬂe:é)controller e Transfer data size: 8, 16, 32, or 64 bits, or 32 bytes
¢ Address modes:
— 1-bus-cycle single address mode
— 2-bus-cycle dual address mode
e Transfer requests: External, peripheral module, or auto-requests
e Choice of DACK or DRAK (four external pins)
e Bus modes: Cycle-steal or burst mode

e Supports on-chip FIFO bridge (16-stage x 32-bit FIFO x 7) to achieve
high-speed transfer for HAC/SSI, USB and LCDC

Timer unit (TMU) e 3-channel auto-reload 32-bit timer
e Input-capture function (only channel 2)
e Choice of six types counter input clocks (external and peripheral clocks)

Compare match e 4-channel auto-reload 32-bit timers
timer (CMT) ¢ Choice of 16 or 32 bits
¢ Choice of 1-shot or free-running operation

¢ Choice of an interrupt source or DMA transfer request from compare
match or overflow
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Item Features
Serial ¢ Three full-duplex communications channels
.communication e On-chip 128-byte FIFOs for all channels
interface
(SCIF) e Choice of asynchronous mode or synchronous mode
e Can select any bit rate generated by on-chip baud-rate generator
e On-chip modem control function (SCIF_RTS and SCIF_CTS) for channel
1and2
Audio codec ¢ Digital interface for audio codec

interface (HAC)

e Supports transfer for slot 1 to slot 4

¢ Choice of 16- or 20-bit DMA transfer

e Supports various sampling rates by adjusting slot data

e Generates interrupt: data ready, data request, overflow, and underrun

Serial sound
interface (SSI)

e 2-channel bi-directional transfer (maximum)
e Support multi-channel and compressed-data transfer
e Selectable frame size

I°C bus interface
("C)

e 2 channels (maximum)

e Master/slave

e 16-byte FIFO

¢ Supports high-speed mode (400 kbits/sec)
e Supports version 1.0

Multimedia card
interface (MMCIF)

e Supports MMC mode
A maximum bit rate of 20 Mbps at 20 MHz of peripheral clock

¢ Interface with MCCLK output for transfer clock output, MCCMD I/O for
command output/response input, MCDAT 1/O (data I/O)

o Four interrupt sources

Smart card interface
(SIM)

e Supports ISO/IEC7816-3 (Identification card)

¢ Asynchronous half-duplex transfer (8 bits)

¢ Can select any bit rate generated by on-chip baud-rate generator
e Generates and checks parity bit

e Four interrupt sources
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Item Features

Controller area .
network 2 (HCAN2) |

2 channels (maximum)

Supports CAN specification 2.0A and 2.0B

— Standard data and remote frame (11-bit ID)
— Extended data and remote frame (29-bit ID)

32 independent message buffers using standard (11-bit) and extended
(29-bit) ID format

31 Mailboxes can be used for transmission or reception
One Mailbox can be used for only reception

Message reception filtering by IDs:

— Standard message 1D

— Extended message ID

Local reception filter for reception-only Mailbox (standard and extended
message ID) can be specified

Power-down sleep mode
A maximum of 1-Mbit/s CAN data transfer rate can be specified

Transmit message queue having internal priority sorting mechanism which
handle priority-inversion issue of real time applications

Data buffer access without hand-shaking

Serial peripheral o
interface (HSPI)

1 channel
Master/slave mode

Selectable bit rate generated by on-chip baud-rate generator

Multifunctional .
interface (MFI)

2-Kbyte internal memory can be read from or written to via the MFI pin in
32-bit units or by the CPU in 8-/16-/32-bit units.

Choice of 8- or 16-bit parallel interface
Supports 68-/80-family interface (can be switched during reset)
Endians can be switched

USB host .

1 channel

Supports USB version 1.1 and OHCI 1.0

Supports data transfer rate of 1.5 Mbps and 12Mbps

On-chip 8-Kbyte SRAM as shared memory defined in OHCI specification
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Section 1 Overview

Item

Features

LCD controller
(LCDC)

Supports 16 x 1 to 1024 x 1024 dots (8 bpp: a maximum of 640 x480
dots, 16 bpp: a maximum of 400 x 240 dots)

Supports 4, 8, 15, and 16 bpp color modes

Supports 1, 2, 4, and 6 bpp grayscale modes.

Supports TFT/DSTN/STN display

Selectable signal polarities

24-bit color palette memory (16 bits of 24 bits are valid: R: 5/G: 6/B: 5)

Unified graphics memory architecture

A/D converter (ADC) o

10-bit resolution

4-channel input

Three types of conversion modes

— Single mode: 1-channel A/D conversion

— Multi mode: 1- to 4-channel A/D conversion
— Scan mode: 1- to 4-channel A/D conversion
Conversion time: 8 us for are channel (maximum)
Absolute error + 4LSB

General I/0 (GPIO)

70 general I/O port (69 for I/0 and one for output)

Product lineup

Group Voltage Operating Frequency Part No. Package

SH7760 1.5V 200 MHz HD6417760BL200A  256-pin BGA

HD6417760BL200AY (B 2568)

HD6417760BL200AD
HD6417760BL200ADV
HD6417760BP200AD  256-pin BGA
HD6417760BP200ADYV (BF256F)
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1.2 Block Diagram
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Legend:

BSC : Bus state controller HAC
DMAC : Direct memory access controller SS|
FPU : Floating-point unit 2C
UBC : User break controller HSPI
ITLB : Instruction translation lookaside buffer SIM
UTLB : Unit translation lookaside buffer MMCIF
cPG : Clock pulse generator HCAN2
INTC : Interrupt controller MFI
TMU : Timer unit USB
H-UDI : User debug interface LCDC
CMT : Compare match timer ADC
SCIF : Serial communication interface with FIFO GPIO

: Audio codec interface

: Serial sound interface

1 12C bus interface

: Serial peripheral interface
: Smart card interface

: Multimedia card interface
: Controller area network 2
: Multifunctional interface

: USB host

: LCD controller

: A/D converter

: General port /0

Figure 1.1 SH7760 Block Diagram
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1.3 Pin Arrangement

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20
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Figure 1.2 SH7760 Pin Arrangement (BP-256F/BP-256FV)
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1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20
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Figure 1.3 SH7760 Pin Arrangement (BP-256B/BP-256BV)
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14 Pin Description

Table 1.2 lists the pin configuration of the BP-256F (21 mm#*"), and table 1.3 lists the pin
configuration of the BP-256B (17 mm*°). In the I/O column, I, O, and 10 indicate input, output,
and input/output, respectively. In the GPIO column, O indicates a pin which also functions as a
general /O port.

Notes: 1. HD6417760BP200AD, HD6417760BP200ADV

2. HD6417760BL200A, HD6417760BL200AV, HD6417760BL200AD,
HD6417760BL200ADV

Table 1.2  Pin Configuration (BP-256F: 21 mm)

Pin No. Pin Name 110 Function GPIO
A1 EXTAL | External input clock/crystal resonator

A2 XTAL (0] Crystal resonator

A3 VDD-CPG — CPG VDD

A4 VDD-PLLA — PLL1 VDD

A5 SSI0_SCK/HAC_SD_IN0/BS2 10/1/0 SSI serial clock input/HAC serial data/bus start2 O
A6 HSPI_TX/SIM_D/MCDAT O/IO/I0  HSPI transmit data/SIM data transfer/MMCIF data O
A7 HSPI_CLK/SIM_CLK/MCCLK 10/0/0  HSPI serial clock/SIM clock/MMCIF clock (6]
A8 CMT_CTR1 10 CMT counter (6]
A9 CMT_CTR3 10 CMT counter (6]
A10 SCIF2_CLK 10 SCIF serial clock (6]
A1 SCIF2_TXD (0} SCIF transmit data (6]
A12 SCIF2_RXD | SCIF receive data (6]
A13 SCIF2_CTS 10 SCIF modem control O
A4 SCIF2_RTS 10 SCIF modem control 0
A15 SCIFO_CLK 10 SCIF serial clock (6]
A16 SCIFO_TXD (0} SCIF transmit data (6]
A17 MD4/CE2B 10 Mode control 4/PCMCIA-CE

A18 DACKO (0] DMACO bus acknowledge

A19 VDD-PLL3 — PLL3 VDD

A20 UCLK | USB operation clock (6]
B1 RESET | Reset

B2 VSS-CPG — CPG GND

B3 VDD-PLL2 — PLL2 VDD
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Pin No. Pin Name 110 Function GPIO

B4 VSS-PLL1 — PLL1 GND

B5 SSI0_WS/HAC_SYNCO 10/0 SSI word selection/HAC from sync output (0]

B6 HSPI_RX | HSPI receive data input (0]

B7 HSPI_CS/SIM_RST/MCCMD 10/0/I0  HSPI chip selection/SIM reset/ MMCIF (0]
command/response

B8 CMT_CTRO/TCLK 10/1 CMT counter/TMU clock

B9 CMT_CTR2 10 CMT counter (6]

B10 NMI | Non-maskable interrupt

B11 SCIF1_CLK 10 SCIF serial clock (6]

B12 SCIF1_TXD (0} SCIF transmit data (6]

B13 SCIF1_RXD | SCIF receive data (6]

B14 SCIF1_CTS 10 SCIF modem control (0}

B15 SCIF1_RTS 10 SCIF modem control (0}

B16 SCIFO_RXD | SCIF receive data (6]

B17 MD3/CE2A 10 Mode control 3/PCMCIA-CE

B18 VSS-PLL3 — PLL3 GND

B19 USB_DM 10 USB D-transceiver

B20 VvDDQ — USB analog VDD

c1 RDY | Bus ready

c2 HAC_BIT_CLKO | HAC serial data clock/SSI divider input clock (6]

C3 VSS-PLL2 — PLL2 GND

c4 HAC_RES o] HAC reset (0]

C5 SSI0_SDATA/HAC_SD_OUTO 10/0 SSI serial data/HAC serial data

cé6 SSI1_SDATA/HAC-SD_OUT1 10/0 SSiI serial data/HAC serial data (6]

Cc7 VDD — Internal VDD

c8 ASEBRK/BRKACK 1/0 H-UDI emulator

Cc9 vDDQ — I/0 VDD

C10 T™MS | H-UDI mode

C11 vDDQ — I/0 VDD

c12 TDO (e} H_UDI data

C13 vDDQ — 1/0 VDD

C14 VDD — Internal VDD

C15 TCK | H-UDI clock
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Pin No. Pin Name 110 Function GPIO

Cc16 MD2 | Mode control 2

C17 DRAKO (0] DMAC 1 request acknowledgement

c18 USB_PENC (0] USB power-on enable control 0O #

c19 VvSSQ — USB analog VSS

C20 USB_DP 10 USB D+ transceiver

D1 DCK o Clock (OR

D2 SSI1_SCK/HAC_SD_IN1 10/1 SSI clock/HAC serial data (6]

D3 SSI1_WS/HAC_SYNCH1 10/0 SSI word selection/HAC frame sync output (0]

D4 HAC_BIT_CLKA1 — HAC serial data clock/SSI divider input clock (6]

D5 MRESET | Manual reset

D6 STATUSO (e} Status 0

D7 VSS — Internal GND

D8 STATUSH (o} Status 1

D9 VSSQ — I/0 GND

D10 TRST | H-UDI reset

D11 VvSSQ — I/0 GND

D12 TDI | H-UDI data

D13 VvSSQ — I/0 GND

D14 VSS — Internal GND

D15 VvSSQ — I/0 GND

D16 MDO | Mode control 0

D17 MD1 | Mode control 1

D18 DRAK1 (0] DMAC 1 request acknowledgement

D19 DACK1 (0] DMAC 1 bus acknowledgement

D20 USB_OVC | USB overcurrent detection 0

E1 VCPWC/IRQ4 o/l LCD panel power supply control (VCC)/external (6]
interrupt request 4

E2 VEPWC/IRQ5 o/l LCD panel power supply control (VEE)/external (0]
interrupt request 5

E3 CA | Chip active

E4 BREQ | Bus request

E17 VSSQ — I/0 GND

E18 VvDDQ — 1/0 VDD

E19 DREQO | DMAC 0 request
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Pin No. Pin Name 110 Function GPIO

E20 DREQT | DMAC 1 request

F1 MFI-D8/LCD_DATAS8 10/0 MFI data/LCD panel data (6]

F2 MFI-DO/LCD_DATAO 10/0 MFI data/LCD panel data (6]

F3 CSo o] Chip select 1

F4 BACK (0] Bus acknowledgement

F17 12C1_SCL 10 I’C serial clock

F18 12C1_SDA 10 I’C serial data

F19 12C0_SCL 10 I’C serial clock

F20 12C0_SDA 10 I’C serial data

G1 MFI-D9/LCD_DATA9 10/0 MFI data/LCD panel data (6]

G2 MFI-D1/LCD_DATA1 10/0 MFI data/LCD panel data (6]

G3 VDD — Internal VDD

G4 VSS — Internal GND

G17 VSS — Internal GND

G18 VDD — Internal VDD

G19 MD6/10IS16 I Mode control 6/I01S16 (PCMCIA)

G20 MD5 | Mode control 5

H1 MFI-D10/LCD_DATA10 10/0 MFI data/LCD panel data (6]

H2 MFI-D2/LCD_DATA2/IRQ6 10/0/1 MFI data/LCD panel data/external interrupt request O
6

H3 vDDQ — 10 VDD

H4 VSSQ — 10 GND

H17 MD7 | Mode control 7

H18 MD8 | Mode control 8

H19 Reserved/AUDCK [¢] Reserved/H-UDI emulator (0]

H20 Reserved/AUDSYNC o Reserved/H-UDI emulator (6]

Ji MFI-D11/LCD_DATA11 10/0 MFI data/LCD panel data (6]

J2 MFI-D3/LCD_DATA3/IRQ7 10/0/1 MFI data/LCD panel data/external interrupt request O
7

J3 Cs1 Chip select 1

J4 CS2 Chip select 2

J17 VSSQ — 10 GND

J18 vDDQ — 10 VDD

J19 Reserved/AUDATA[2] (0] Reserved/H-UDI emulator (0]
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Pin No. Pin Name 110 Function GPIO
J20 Reserved/AUDATA[3] (0] Reserved/H-UDI emulator 0O #
K1 MFI-D12/LCD_DATA12 10/0 MFI data/LCD panel data (0]
K2 MFI-D4/LCD_DATA4/DREQ2 10/0/1 MFI data/LCD panel data/DMAC2 request (0]
K3 VvDDQ — 10 VDD (0]
K4 VSSQ — 10 GND
K17 AVss_ADC — ADC analog GND
K18 AVcc_ADC — ADC analog VCC
K19 ADTRG/AUDATA[0] 110 A/D external trigger/H-UDI emulator (0}
K20 Reserved/AUDATA[1] (0] Reserved/H-UDI emulator (6]
L1 MFI-D13/LCD_DATA13 10/0 MFI data/LCD panel data (6]
L2 MFI-D5/LCD_DATA5/DRAK2/DACK2  I0/0/O/O MFI data/LCD panel data/DMAC2 request (0]
acknowledgement/DMAC2 bus acknowledgement
L3 Cs4 — Chip select 4 o
L4 A20 o Address bus
L17 AN3 | ADC analog input
L18 AN2 | ADC analog input
L19 ANA1 | ADC analog input
L20 ANO | ADC analog input
M1 MFI-D14/LCD_DATA14 10/0 MFI data/LCD panel data
M2 MFI-D6/LCD_DATA6/DREQ3 10/0/1 MFI data/LCD panel data/DMAC3 request (6]
M3 vDDQ — 10 VDD
M4 VSSQ — 10 GND
M17 VvSSQ — 10 GND
M18 vDDQ — 10 VDD
M19 1RL3 | IRL interrupt request 3
M20 RL2 | IRL interrupt request 2
N1 MFI-D15/LCD_DATA15 10/0 MFI data/LCD panel data (6]
N2 MFI-D7/LCD_DATA7/DRAK3/DACK3  10/0/O/O MFI data/LCD panel data/DMACS3 request (0]
acknowledgement/DMACS3 bus acknowledgement
N3 CS5 Chip select 5
N4 A21 Address bus
N17 VSSsQ — 10 GND
N18 vDDQ — 10 VDD
N19 RLT | IRL interrupt request 1
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Pin No. Pin Name 110 Function GPIO

N20 IRLO | IRL interrupt request 0

P1 MFI-INT/LCD_CLK o/l MFI interrupt/LCD clock o'

P2 MFI-CS/LCD_DON 110 MFI chip selection/LCD display-on signal o *

P3 VDD — Internal VDD

P4 VSS — Internal GND

P17 VSS — Internal GND

P18 VDD — Internal VDD

P19 CANO_NERR/AUDCK /0 HCANO bus error signal/H-UDI emulator (0]

P20 CAN1_NERR/AUDSYNC /0 HCANT1 bus error signal/H-UDI emulator (0]

R1 MFI-E/LCD_CLA 110 MFI enable/ LCD shift clock 1 (O

R2 MFI-MD/LCD_CL2 1/0 MFI mode/LCD shift clock 2 (O

R3 CS6 Chip select 6

R4 AO Address bus

R17 A24 Address bus

R18 A25 Address bus

R19 CANO_RX/AUDATA[2] /0 HCANO bus data receive signal/H-UDI emulator (0]

R20 CAN1_RX/AUDATA[3] /0 HCANT1 bus data receive signal/H-UDI emulator (0]

T1 MFI-RS/LCD_M_DISP /0 MFI register select/LCD current-alternating (O
signal/DISP signal

T2 MFI-RW/LCD_FLM /0 MFI read/write/LCD first line marker (O

T3 BS Bus start

T4 Al Address bus

T17 A22 Address bus

T18 A23 Address bus

T19 CANO_TX/AUDATAJO0] O/0 HCANO bus data transmit signal/H-UDI emulator (6]

T20 CAN1_TX/AUDATA[1] 0/0 HCANT1 bus data transmit signal/H-UDI emulator O

U1 DO 10 Data bus

u2 D15 10 Data bus

u3 D3 10 Data bus

u4 D11 10 Data bus

us VvSSQ — 10 GND

ue CKE (0] Clock output enable

u7 VSS — Internal GND
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Pin No. Pin Name 110 Function GPIO
us VvSSQ — 10 GND

U9 A17 (0] Address bus
u10 VSSQ — 10 GND

ut1 VSSQ — 10 GND

ut12 VSSsQ — 10 GND

u13 A18 o Address bus
ui4 VSS — Internal GND
uts A19 o Address bus
uie VSSsQ — 10 GND

ut7 D20 10 Data bus
uis D28 10 Data bus
u19 D16 10 Data bus
u20 D31 10 Data bus

V1 D1 10 Data bus

V2 D14 10 Data bus

V3 VvDDQ — 10 VDD

V4 D10 10 Data bus

V5 vDDQ — 10 VDD

V6 A2 (0] Address bus
v7 VDD — Internal VDD
V8 vDDQ — 10 VDD

Vo A7 (0] Address bus
V10 vDDQ — 10 VDD

Vi1 VvDDQ — 10 VDD

V12 vDDQ — 10 VDD

V13 A15 (0] Address bus
V14 VDD — Internal VDD
V15 A16 o Address bus
V16 vDDQ — 10 VDD

V17 D21 10 Data bus
V18 vDDQ — 10 VDD

V19 D17 10 Data bus
V20 D30 10 Data bus
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Pin No. Pin Name 110 Function GPIO
Wi D2 10 Data bus

W2 VSSsQ — 10 GND

W3 D4 10 Data bus

w4 D6 10 Data bus

W5 D7 10 Data bus

Wwe RD/WR o] Read/write

w7 WEO/DQMO/REG 0/0 Selection signal for D7 to DO/REG
w8 A4 o} Address bus

W9 A6 o} Address bus

W10 A8 (0] Address bus

W11 A10 o Address bus

W12 A12 (0] Address bus

W13 Al4 o Address bus

W14 WE2/DQM2/ICIORD 0/0 Selection signal for D23 to D16/ICIORD
W15 RAS (o} RAS

W16 D24 10 Data bus

W17 D25 10 Data bus

W18 D27 10 Data bus

W19 VSSsQ — 10 GND

W20 D29 10 Data bus

Y1 D13 10 Data bus

Y2 D12 10 Data bus

Y3 D5 10 Data bus

Y4 D9 10 Data bus

Y5 D8 10 Data bus

Y6 RD/CASS/FRAME 0O/0/0 Read/CAS/FRAME

Y7 WE1/DQM1 o} Selection signal for D15 to D8
Y8 A3 o} Address bus

Y9 A5 — Address bus

Y10 CKIO (0] Clock output

Y11 A9 (0] Address bus

Y12 A1 o Address bus

Y13 A13 (0] Address bus
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Pin No. Pin Name 110 Function GPIO
Y14 WES3/DQM3/ICIOWR 0/0 Selection signal for D31 to D24/ICIOWR

Y15 CS3 0 Chip select 3

Y16 D23 10 Data bus

Y17 D22 10 Data bus

Y18 D26 10 Data bus

Y19 D19 10 Data bus

Y20 D18 10 Data bus

Legend: Inthe I/O column, I, O, 10, and — indicate input, output, input/output, and no direction,
respectively.

Notes: 1. Can be used as a GPIO interrupt pin.

2. Can be used as a GPIO interrupt pin. When an interrupt occurs, this LSI exits standby
mode.

3. Only outputs.
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Table 1.3  Pin Configuration (BP-256B: 17 mm)

Pin No. Pin Name 110 Function GPIO

A1 EXTAL | External input clock/crystal resonator

A2 XTAL (0] Crystal resonator

A3 VDD-CPG — CPG VDD

A4 VDD-PLLA — PLL1 VDD

A5 SSI0_SCK/HAC_SD_IN0/BS2 10/1/0 SSI serial clock input/HAC serial data/bus start2 O

A6 HSPI_TX/SIM_D/MCDAT O/IO/I0  HSPI transmit data/SIM data transfer/MMCIF data O

A7 HSPI_CLK/SIM_CLK/MCCLK 10/0/0  HSPI serial clock/SIM clock/MMCIF clock (6]

A8 CMT_CTR1 10 CMT counter (6]

A9 CMT_CTR3 10 CMT counter (6]

A10 SCIF2_CLK 10 SCIF serial clock (6]

A1 SCIF2_TXD (0} SCIF transmit data (6]

A12 SCIF2_RXD | SCIF receive data (6]

A13 SCIF2_CTS 10 SCIF modem control (OR

A4 SCIF2_RTS 10 SCIF modem control 0 #

A15 SCIFO_CLK 10 SCIF serial clock (6]

A16 SCIFO_TXD (0} SCIF transmit data (6]

A17 MD4/CE2B 10 Mode control 4/PCMCIA-CE

A18 DACKO (0] DMACO bus acknowledge

A19 VDD-PLL3 — PLL3 VDD

A20 UCLK | USB operation clock (6]

B1 RESET | Reset

B2 VSS-CPG — CPG GND

B3 VDD-PLL2 — PLL2 VDD

B4 VSS-PLL1 — PLL1 GND

B5 SSI0_WS/HAC_SYNCO 10/0 SSI word selection/HAC from sync output (0]

B6 HSPI_RX | HSPI receive data input (0]

B7 HSPI_CS/SIM_RST/MCCMD 10/0/I0  HSPI chip selection/SIM reset/ MMCIF
command/response

B8 CMT_CTRO/TCLK 10/1 CMT counter/TMU clock (6]

B9 CMT_CTR2 10 CMT counter (6]

B10 NMI | Non-maskerable interrupt

B11 SCIF1_CLK 10 SCIF serial clock (6]
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Pin No. Pin Name 110 Function GPIO

B12 SCIF1_TXD o} SCIF transmit data (6]

B13 SCIF1_RXD | SCIF receive data (6]

B14 SCIF1_CTS 10 SCIF modem control 0

B15 SCIF1_RTS 10 SCIF modem control 0

B16 SCIFO_RXD | SCIF receive data (6]

B17 MD3/CE2A 10 Mode control 3/PCMCIA-CE

B18 VSS-PLL3 — PLL3 GND

B19 USB_DM 10 USB D-transceiver

B20 VvDDQ — USB analog VDD

Ci RDY | Bus ready

c2 HAC_BIT_CLKO | HAC serial data clock/SSI divider input clock (0]

C3 VSS-PLL2 — PLL2 GND

c4 HAC_RES o] HAC reset

C5 SSI0_SDATA/HAC_SD_OUTO 10/0 SSl serial data/HAC serial data (6]

C6 SSI1_SDATA/HAC-SD_OUT1 10/0 SSiI serial data/HAC serial data (6]

c7 VDD — Internal VDD

cs ASEBRK/BRKACK 110 H-UDI emulator

C9 vDDQ — 1/0 VDD

c10 TMS | H-UDI mode

C11 vDDQ — 1/0 VDD

c12 TDO (0} H_UDI data

C13 vDDQ — I/0 VDD

C14 VDD — Internal VDD

C15 TCK | H-UDI clock

Cc16 MD2 | Mode control 2

C17 DRAKO DMAC 1 request acknowledgement

c18 USB_PENC USB power-on enable control 0O #

c19 VSSQ — USB analog VSS

C20 USB_DP 10 USB D+ transceiver

D1 DCK o Clock (OR

D2 SSI1_SCK/HAC_SD_IN1 10/1 SSI clock/HAC serial data (6]

D3 SSI1_WS/HAC_SYNC1 10/0 SSI word selection/HAC frame sync output (0]

D4 HAC_BIT_CLKA1 — HAC serial data clock/SSI divider input clock (6]
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Pin No. Pin Name 110 Function GPIO

D5 MRESET | Manual reset

D6 STATUSO (0} Status 0

D7 VSS — Internal GND

D8 STATUSH (e} Status 1

D9 VSSQ — I/0 GND

D10 TRST | H-UDI reset

D11 VSSsQ — I/0 GND

D12 TDI | H-UDI data

D13 VSSsQ — I/0 GND

D14 VSS — Internal GND

D15 VSSQ — I/0 GND

D16 MDO | Mode control 0

D17 MD1 | Mode control 1

D18 DRAK1 (0] DMAC 1 request acknowledgement

D19 DACK1 (0] DMAC 1 bus acknowledgement

D20 USB_OVC | USB overcurrent detection 0

E1 MFI-D8/LCD_DATAS8 10/0 MFI data/LCD panel data (6]

E2 VEPWC/IRQ5 o/l LCD panel power supply control (VEE)/external (0]
interrupt request 5

E3 CA | Chip active

E4 BREQ | Bus request

E17 VSSQ — I/0 GND

E18 vDDQ — 1/0 VDD

E19 DREQO | DMAC 0 request

E20 DREQT | DMAC 1 request

F1 MFI-D9/LCD_DATA9 10/0 MFI data/LCD panel data (6]

F2 MFI-DO/LCD_DATAO 10/0 MFI data/LCD panel data (6]

F3 CSo o] Chip select 1

F4 VCPWC/IRQ4 o/l LCD panel power supply control (VCC)/external (6]
interrupt request 4

F17 12C1_SCL 10 I’C serial clock

F18 12C1_SDA 10 I’C serial data

F19 12C0_SCL 10 I’C serial clock

F20 12C0_SDA 10 I’C serial data
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Pin No. Pin Name 110 Function GPIO
G1 MFI-D10/LCD_DATA10 10/0 MFI data/LCD panel data (6]
G2 MFI-D1/LCD_DATAA1 10/0 MFI data/LCD panel data (6]
G3 VDD — Internal VDD
G4 VSS — Internal GND
G17 VSS — Internal GND
G18 VDD — Internal VDD
G19 MD6/10IS16 I Mode control 6/I01S16 (PCMCIA)
G20 MD5 | Mode control 5
H1 Cs1 o} Chip select 1
H2 MFI-D2/LCD_DATA2/IRQ6 10/0/1 MFI data/LCD panel data/external interrupt request O
6
H3 vDDQ — 10 VDD
H4 VSSQ — 10 GND
H17 MD7 | Mode control 7
H18 MD8 | Mode control 8
H19 Reserved/AUDCK o Reserved/H-UDI emulator (6]
H20 Reserved/AUDSYNC (¢] Reserved/H-UDI emulator (0]
J1 MFI-D11/LCD_DATA11 10/0 MFI data/LCD panel data (6]
J2 MFI-D3/LCD_DATA3/IRQ7 10/0/1 MFI data/LCD panel data/external interrupt request O
7
J3 CS2 Chip select 2
J4 BACK Bus acknowledgement
J17 VSSQ — 10 GND
J18 vDDQ — 10 VDD
J19 Reserved/AUDATA[2] (0] Reserved/H-UDI emulator (6]
J20 Reserved/AUDATA[3] (0] Reserved/H-UDI emulator 0O #
K1 MFI-D12/LCD_DATA12 10/0 MFI data/LCD panel data (0]
K2 Cs4 — Chip select 4
K3 MFI-D4/LCD_DATA4/DREQ2 10/0/1 MFI data/LCD panel data/DMAC2 request (6]
K4 VSSQ — 10 GND
K17 AVss_ADC — ADC analog GND
K18 AVcc_ADC — ADC analog VCC
K19 ADTRG/AUDATA[0] /0 A/D external trigger/H-UDI emulator 0
K20 Reserved/AUDATA[1] (0] Reserved/H-UDI emulator (0]
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Pin No. Pin Name 110 Function GPIO

L1 MFI-D13/LCD_DATA13 10/0 MFI data/LCD panel data (6]

L2 MFI-D6/LCD_DATA6/DREQ3 10/0/1 MFI data/LCD panel data/DMAC3 request (6]

L3 MFI-D5/LCD_DATA5/DRAK2/DACK2  10/0/O/O MFI data/LCD panel data/DMAC2 request (6]
acknowledgement/DMAC2 bus acknowledgement

L4 A20 o Address bus

L17 AN3 | ADC analog input

L18 AN2 | ADC analog input

L19 AN1 | ADC analog input

L20 ANO | ADC analog input

M1 MFI-D14/LCD_DATA14 10/0 MFI data/LCD panel data (0]

M2 MFI-D7/LCD_DATA7/DRAK3/DACK3  10/0/O/O MFI data/LCD panel data/DMAC3 request (6]
acknowledgement/DMACS3 bus acknowledgement

M3 A21 O Address bus

M4 vDDQ — 10 VDD

M17 VSSsQ — 10 GND

M18 vDDQ — 10 VDD

M19 IRL3 | IRL interrupt request 3

M20 IRL2 | IRL interrupt request 2

N1 CS5 o] Chip select 5

N2 MFI-INT/LCD_CLK o/ MFI interrupt/LCD clock O *

N3 MFI-CS/LCD_DON 110 MFI chip selection/LCD display-on signal O '

N4 VSSQ — 10 GND

N17 VSSsQ — 10 GND

N18 vDDQ — 10 VDD

N19 IRLT | IRL interrupt request 1

N20 IRLO | IRL interrupt request 0

P1 MFI-D15/LCD_DATA15 10/0 MFI data/LCD panel data (6]

P2 CS6 o Chip select 6

P3 VSS — Internal GND

P4 VDD — Internal VDD

P17 VSS — Internal GND

P18 VDD — Internal VDD

P19 CANO_NERR/AUDCK /0 HCANO bus error signal/H-UDI emulator

P20 CAN1_NERR/AUDSYNC /0 HCANT1 bus error signal/H-UDI emulator (0]
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Pin No. Pin Name 110 Function GPIO

R1 A1l o} Address bus

R2 BS o] Bus start

R3 MFI-E/LCD_CL1 1/0 MFI enable/ LCD shift clock 1 (O

R4 A0 o} Address bus

R17 A24 (0] Address bus

R18 A25 o Address bus

R19 CANO_RX/AUDATA[2] /0 HCANO bus data receive signal/H-UDI emulator (0]

R20 CAN1_RX/AUDATA[3] /0 HCANT1 bus data receive signal/H-UDI emulator (0]

T MFI-RW/LCD_FLM /0 MFI read/write/LCD first line marker (O

T2 MFI-RS/LCD_M_DISP /0 MFI register select/LCD current-alternating (O
signal/DISP signal

T3 D11 10 Data bus

T4 MFI-MD/LCD_CL2 l{e} MFI mode/LCD shift clock 2 (O

T17 A22 o Address bus

T18 A23 O Address bus

T19 CANO_TX/AUDATAIO] 0/0 HCANO bus data transmit signal/H-UDI emulator O

T20 CAN1_TX/AUDATA[1] 0O/0 HCANT1 bus data transmit signal/H-UDI emulator O

Ut D15 10 Data bus

u2 DO 10 Data bus

(OK] D3 10 Data bus

u4 VvDDQ — 10 VDD

us VSSQ — 10 GND

ue CKE (0] Clock output enable

u7 VSS — Internal GND

us VSSQ — 10 GND

u9 A17 o Address bus

uto VSSsQ — 10 GND

ut1 VSSQ — 10 GND

ut12 VSSsQ — 10 GND

u13 A18 o Address bus

ut4 VSS — Internal GND

u1s A19 O Address bus

u1é VvSSQ — 10 GND
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Pin No. Pin Name 110 Function GPIO
ut7 D20 10 Data bus
uis D28 10 Data bus
u19 D16 10 Data bus
u20 D31 10 Data bus

V1 D14 10 Data bus

V2 D1 10 Data bus

V3 vDDQ — 10 VDD

V4 D10 10 Data bus

V5 vDDQ — 10 VDD

V6 A2 (0] Address bus
v7 VDD — Internal VDD
V8 vDDQ — 10 VDD

V9 A7 o} Address bus
V10 vDDQ — 10 VDD

Vi1 vDDQ — 10 VDD

Vi2 vDDQ — 10 VDD

V13 A15 (0] Address bus
V14 VDD — Internal VDD
V15 A16 (0] Address bus
V16 vDDQ — 10 VDD

V17 D21 10 Data bus
V18 vDDQ — 10 VDD

V19 D17 10 Data bus
V20 D30 10 Data bus

Wi D2 10 Data bus
W2 VSSQ — 10 GND

W3 D4 10 Data bus
W4 D6 10 Data bus
W5 D7 10 Data bus
Wwe RD/WR o] Read/write
w7 WEO/DQMO/REG 0/0 Selection signal for D7 to DO/REG
w8 A4 o} Address bus
W9 A6 o} Address bus
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Pin No. Pin Name 110 Function GPIO
W10 A8 Address bus
W11 A10 Address bus
W12 A12 Address bus
W13 A14 Address bus
w14 WE2/DQM2/ICIORD 0/0 Selection signal for D23 to D16/ICIORD
W15 RAS (o} RAS
W16 D24 10 Data bus
W17 D25 10 Data bus
W18 D27 10 Data bus
W19 VSSsQ — 10 GND
W20 D29 10 Data bus
Y1 D13 10 Data bus
Y2 D12 10 Data bus
Y3 D5 10 Data bus
Y4 D9 10 Data bus
Y5 D8 10 Data bus
Y6 RD/CASS/FRAME 0O/0/0 Read/CAS/FRAME
Y7 WE1/DQM1 o Selection signal for D15 to D8
Y8 A3 o} Address bus
Y9 A5 — Address bus
Y10 CKIO (0] Clock output
Y11 A9 (0] Address bus
Y12 A1 o Address bus
Y13 A13 O Address bus
Y14 WES3/DQM3/ICIOWR 0/0 Selection signal for D31 to D24/ICIOWR
Y15 CS3 0 Chip select 3
Y16 D23 10 Data bus
Y17 D22 10 Data bus
Y18 D26 10 Data bus
Y19 D19 10 Data bus
Y20 D18 10 Data bus
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Legend: Inthe I/O column, I, O, 10, and — indicate input, output, input/output, and no direction,
respectively.
Notes: 1. Can be used as a GPIO interrupt pin.
2. Can be used as a GPIO interrupt pin. When an interrupt occurs, this LSI exits standby
mode.
3. Only outputs.
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Pin Functions

Table 1.5
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Table 1.6 Pin Functions

Pin No. Memory Interface

17 mm#*' 21 mm** Function Pin Name /0 SRAM SDRAM PCMCIA MPX Remarks
R4 R4 Address AO (0]

R1 T4 A1l (0]

V6 V6 A2 (0]

Y8 Y8 A3 (0]

w8 w8 A4 (0]

Y9 Y9 A5 (0]

w9 w9 A6 (0]

Vo V9 A7 (0]

W10 W10 A8 (0]

Y11 Y11 A9 o]

W11 W11 A10 o]

Y12 Y12 A1l (0]

W12 W12 A12 (o]

Y13 Y13 A13 (0]

w13 w13 A14 (o]

V13 V13 A15 (0]

V15 V15 A16 (0]

U9 U9 A17 (6]

uU13 U13 A18 (0]

u1s u1s A19 (0]

L4 L4 A20 o

M3 N4 A21 (0]

T17 T17 A22 (o]

T18 T18 A23 (0]

R17 R17 A24 (o]

R18 R18 A25 (0]

u2 U1t Data DO /0 AO
V2 VA D1 /0 Al
Wi1 Wi1 D2 110 A2
us us D3 /0 A3
W3 W3 D4 /0 A4
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Pin No. Memory Interface

17 mm#*' 21 mm** Function Pin Name /0 SRAM SDRAM PCMCIA MPX Remarks

Y3 Y3 Data D5 /O A5

W4 W4 D6 /O A6

w5 w5 D7 /O A7

Y5 Y5 D8 1/0 A8

Y4 Y4 D9 /O A9

V4 V4 D10 /O A10

T3 U4 D11 /0 A1

Y2 Y2 D12 /O A12

Y1 Y1 D13 /0 A13

V1 V2 D14 /O A14

U1 U2 D15 /O A15

u19 u19 D16 /O A16

V19 V19 D17 /O A17

Y20 Y20 D18 /0 A18

Y19 Y19 D19 /O A19

u17 u17 D20 10 A20

V17 V17 D21 /O A21

Y17 Y17 D22 /O A22

Y16 Y16 D23 /0 A23

W16 W16 D24 /O A24

W17 W17 D25 /O A25

Y18 Y18 D26 /O

w18 w18 D27 /O

u18 u18 D28 1/0

W20 W20 D29 /O ACCSIZE
0

V20 V20 D30 /O ACCSIZE
1

u20 u20 D31 /O ACCSIZE
2

F3 F3 Chip select CSo CSo CSo

H1 J3 CsT CsT CsT

J3 J4 Ccs2 CS2 Cs2 Ccs2
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Pin No. Memory Interface
17 mm*' 21 mm** Function PinName I/O SRAM SDRAM PCMCIA MPX  Remarks
Y15 Y15 Chip select CS3 o] CS3 CS3 CS3
K2 L3 Ccs4 o Cs4 Cs4
N1 N3 CSs o CS5 CE1A CS5
P2 R3 CS6 o CS6 CEiB CS6
Wé Wé Read/Write RD/WR (0] RD/WR RD/WR RD/WR
wis w15 RAS RAS o RAS
Y6 Y6 Read/CAS/FRAME ~ RD/CASS/ (0] OE CAS OE FRAME
FRAME

w7 w7 Selection signal for ~ WEO/DQM0/ O WEO DQMO REG

D7 to DO/REG REG
Y7 Y7 Selection signal for ~ WE1/DQM1 o] WE1  DQM1 WET

D15 to D8
W14 W14 Selection signal for ~ WE2/DQM2/ o} WE2 DQM2 ICIORD

D23 to D16/ICIORD  ICIORD

Y14 Y14 Selection signal for ~ WE3/DQM3/ (o] WE3 DQM3 ICIOWR

D31 to D24/ICIOWR  ICIOWR
Y10 Y10 Clock output CKIO (0] CKIO CKIO
ue ue Clock output enable  CKE (0] CKE
D16 D16 Mode MDO | Reset; MDO
D17 D17 Mode MD1 | Reset; MD1
C16 C16 Mode MD2 | Reset; MD2
B17 B17 Mode/PCMCIA-CE MD3/CE2A 1/0 CE2A Reset; MD3
A17 A17 Mode/PCMCIA-CE MD4/CE2B /0 CE2B Reset; MD4
G20 G20 Mode MD5 | Reset; MD5
G19 G19 Mode/I0IS16 MD6/I0IS16 N 101S16 Reset; MD6
H17 H17 Mode MD7 | Reset; MD7
H18 H18 Mode MD8 | Reset; MD8
B1 B1 Reset RESET | RESET
D5 D5 Manual reset MRESET |
C1 C1 Bus ready RDY | RDY RDY RDY
R2 T3 Bus start BS (0] (BS) (BS) (BS) (BS)
E4 E4 Bus request BREQ |
J4 F4 Bus BACK (0]

acknowledgement
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Pin No. Memory Interface
17 mm*' 21 mm** Function PinName I/O SRAM SDRAM PCMCIA MPX  Remarks
E3 E3 Chip active CA |
D6 D6 Status 0 STATUSO (o}
D8 D8 Status 1 STATUSH1 (0]
A1 A1 External input EXTAL |
clock/crystal
resonator
A2 A2 Crystal resonator XTAL (0]
Notes: 1. HD6417760BL200A, HD6417760BL200AV, HD6417760BL200AD,
HD6417760BL200ADV

2. HD6417760BP200AD, HD6417760BP200ADV
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Section 2 Programming Model

2.1 Data Formats

The data formats supported in the SH-4 are shown in figure 2.1.

7 0

Byte (8 bits) |
15 0

Word (16 bits) I:l
31 0

Longword (32 bits) |
3130 22 0

Single-precision floating-point (32 bits) s| exp | fraction |
63 62 51 0

Double-precision floating-point (64 bits) s| exp | fraction |

Figure 2.1 Data Formats
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2.2 Register Descriptions

2.2.1 Privileged Mode and Banks

Processor Modes: This LSI has two processor modes, user mode and privileged mode. This LSI
normally operates in user mode, and switches to privileged mode when an exception occurs or an
interrupt is accepted. There are four kinds of registers—general registers, system registers, control
registers, and floating-point registers—and the registers that can be accessed differ in the two
processor modes.

General Registers: There are 16 general registers, designated RO to R15. General registers RO to
R7 are banked registers which are switched by a processor mode change.

In privileged mode, the register bank bit (RB) in the status register (SR) defines which banked
register set is accessed as general registers, and which set is accessed only through the load control
register (LDC) and store control register (STC) instructions.

When the RB bit is 1 (that is, when bank 1 is selected), the 16 registers comprising bank 1 general
registers RO_BANKI1 to R7_BANKI and non-banked general registers R8 to R15 can be accessed
as general registers RO to R15. In this case, the eight registers comprising bank 0 general registers
RO_BANKO to R7_BANKO are accessed by the LDC/STC instructions. When the RB bit is O (that
is, when bank 0 is selected), the 16 registers comprising bank 0 general registers RO_BANKO to
R7_BANKO and non-banked general registers R8 to R15 can be accessed as general registers RO
to R15. In this case, the eight registers comprising bank 1 general registers RO_BANKI1 to
R7_BANKI are accessed by the LDC/STC instructions.

In user mode, the 16 registers comprising bank 0 general registers RO_BANKO to R7_BANKO and
non-banked general registers R8 to R15 can be accessed as general registers RO to R15. The eight
registers comprising bank 1 general registers RO_BANKI1 to R7_BANKI1 cannot be accessed.

Control Registers: Control registers comprise the global base register (GBR) and status register
(SR), which can be accessed in both processor modes, and the saved status register (SSR), saved
program counter (SPC), vector base register (VBR), saved general register 15 (SGR), and debug
base register (DBR), which can only be accessed in privileged mode. Some bits of the status
register (such as the RB bit) can only be accessed in privileged mode.

System Registers: System registers comprise the multiply-and-accumulate registers
(MACH/MACL), the procedure register (PR), the program counter (PC), the floating-point
status/control register (FPSCR), and the floating-point communication register (FPUL). Access to
these registers does not depend on the processor mode.
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Floating-Point Registers: There are thirty-two floating-point registers, FRO-FR15 and XF0—
XF15. FRO-FR15 and XFO-XF15 can be assigned to either of two banks (FPRO_BANKO-
FPR15_BANKO or FPRO_BANKI1-FPR15_BANK1).

FRO-FR15 can be used as the eight registers DR0/2/4/6/8/10/12/14 (double-precision floating-
point registers, or pair registers) or the four registers FV0/4/8/12 (register vectors), while XFO—
XF15 can be used as the eight registers XD0/2/4/6/8/10/12/14 (register pairs) or register matrix
XMTRX.

Register values after a reset are shown in table 2.1.

Table 2.1 Initial Register Values

Type Registers Initial Value*

General registers RO_BANKO to R7_BANKO, Undefined
RO_BANK1 to R7_BANK1,
R8 to R15

Control registers SR MD bit = 1, RB bit = 1, BL bit =1, FD bit =0,
IMASK = 1111 (H'F), reserved bits = 0,
others = undefined

GBR, SSR, SPC, SGR, DBR Undefined

VBR H'0000 0000
System registers  MACH, MACL, PR, FPUL Undefined

PC H'A000 0000

FPSCR H'0004 0001
Floating-point FRO to FR15, XFO to XF15 Undefined

registers

Note: * Initialized by a power-on reset and manual reset.

The CPU register configuration in each processing mode is shown in figure 2.2.

User mode and privileged mode are switched by the processing mode bit (MD) in the status
register.
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31 0 31 0 31 0
RO_BANKOQ*1*2 RO_BANK{ *1#3 RO_BANKOQ*1 %4
R1 K0*2 R1_BANK{*3 R1_BANKO**
R2 K0*2 R2_BANK1*3 R2_BANKO**
R3 KO*2 R3_BANK1*2 R3_BANKO**
R4 KQ*2 R4_BANK1*3 R4_BANKO**
R5 KO*2 R5_BANKT* R5_BANKO**
R6 KO*2 R6_BANKI* R6_BANKO**
R7 KO*2 R7_BANKI* R7_BANKO™
8 R8 R8
9 R9 R9
R10 R10 R10
R11 R11 R11
R 2 R 2 R 2
R 3 R 3 R 3
Ri4 Ri4 R14
R15 R15 R15
| SR | SR | | SR
| SSR 1 1 SSR
GBR GBR GBR
MACH MACH MACH
ACL ACL ACL
PR R R
VBR VBR
| PC ] | PC | | PC
| SPC | SPC
| SGR 1 1 SGR
| DBR | DBR
RO_BANKOQ*1#4 RO_BANK{ *1#3
R1_BANKO** R1_BANK{*3
R2_BANKO** R2_BANK1*3
R3_BANKOQ** R3_BANK1*3
R4_BANKO** R4_BANK1*3
R5_BANKO** R5_BANK1*3
R6_BANKO** R6_BANK1*3
R7_BANKO** R7_BANK1*3
(a) Register configuration (b) Register configuration in (c) Register configuration in
in user mode privileged mode (RB = 1) privileged mode (RB = 0)

Notes: 1. RO is used as the index register in indexed register-indirect addressing mode and

indexed GBR indirect addressing mode.

2. Banked registers

3. Banked registers
Accessed as general registers when the RB bit is set to 1 in SR. Accessed only by
LDC/STC instructions when the RB bit is cleared to 0.

4. Banked registers
Accessed as general registers when the RB bit is cleared to 0 in SR. Accessed only
by LDC/STC instructions when the RB bit is set to 1.

Figure 2.2 CPU Register Configuration in Each Processing Mode
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2.2.2 General Registers

Figure 2.3 shows the relationship between the processing modes and general registers. The SH-4
has twenty-four 32-bit general registers (RO_BANKO to R7_BANKO, RO_BANKI1 to
R7_BANKI, and R8 to R15). However, only 16 of these can be accessed as general registers RO
to R15 in one processing mode. The SH-4 has two processing modes, user mode and privileged
mode.

RO_BANKO to R7_BANKO

Allocated to RO to R7 in user mode (SR.MD = 0)

Allocated to RO to R7 when SR.RB =0 in privileged mode (SR.MD = 1).
RO_BANKI to R7_BANKI1

Cannot be accessed in user mode.

Allocated to RO to R7 when SR.RB = 1 in privileged mode.

SR.MD =0 or
(SR.MD =1, SR.RB = 0) (SR.MD =1, SR.RB = 1)
RO RO_BANKO RO_BANKO
R1 R1_BANKO R1_BANKO
R2 R2_BANKO R2_BANKO
R3 R3_BANKO R3_BANKO
R4 R4_BANKO R4_BANKO
R5 R5_BANKO R5_BANKO
R6 R6_BANKO R6_BANKO
R7 R7_BANKO R7_-BANKO
RO_BANK1 RO_BANK1 RO
R1_BANK1 R1_BANK1 R1
R2_BANK1 R2_BANK1 R2
R3_BANK1 R3_BANK1 R3
R4_BANK1 R4_BANK1 R4
R5_BANK1 R5_BANK1 R5
R6-BANK1 R6_BANK1 R6
R7-BANK1 R7_BANK1 R7
R8 R8 R8
R9 R9 R9
R10 R10 R10
R11 R11 R11
R12 R12 R12
R13 R13 R13
R14 R14 R14
R15 R15 R15

Note : As the user's R0-R7 are assigned to RO_BANKO0-R7_BANKO, and after an exception or interrupt RO-R7
are assigned to RO_BANK1-R7_BANK1, it is not necessary for the interrupt handler to save and restore
the user's R0-R7 (RO_BANKO0-R7_BANKO).

After a reset, the values of RO_BANKO0-R7_BANKO, RO_BANK1-R7_BANK1, and R8-R15 are undefined.

Figure 2.3 General Registers
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2.2.3

Control Registers

The control registers are 32 bits long. They consist of the status register (SR), global base register
(GBR), saved status register (SSR), saved program counter (SPC), vector base register (VBR),
saved general register 15 (SGR), and debug base register (DBR). SR and GBR can be accessed in
both processing modes, but SSR, SPC, VBR, SGR, and DBR can only be accessed in privileged

mode.
Status Register (SR):
Bit: 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
[ Twleelol T T T T T T T [ T T 1]
Initial value: 0 1 1 0 0 0 0 0 0 0 0 0 0
RW: R RW RW RW R R R R R R R R R R R R
Bit 15 14 13 12 11 10 3 2 1
| FD I - I I - I - I I M I Q IIMASKSIIMASKZIIMASK1IIMASKOI - I - I S I T |
Initial value: 0 0 0 0 0 - - 0 0 - -
RW: RW R R R R R RW RW RW RW RW RW R R RW RW
Bit Bit Name Initial Value R/W Description
31 — 0 R Reserved
This bit is always read as 0. The write value should
always be 0.
30 MD 1 R/W Processing Mode

Selects the processing mode.

0: User mode (Some instructions cannot be executed
and some resources cannot be accessed.)

1: Privileged mode

29 RB 1 R/W Privileged Mode General Register Bank Soecification

Bit

This bit is set to 1 by an exception or interrupt.

0: RO_BANKO to R7_BANKO are accessed as general
registers RO to R7 and RO_BANK1 to R7_BANK1
can be accessed using LDC/STC instructions

1: RO_BANKT1 to R7_BANK1 are accessed as general 1
can be accessed using LDC/STC instructions

28 BL 1 R/W Exception/Interrupt Block Bit

This bit is set to 1 by a reset, an exception, or an
interrupt. While this bit is set to 1, an interrupt request
is masked. In this case, this processor enters the reset
state when a general exception other than a user
break occurs.
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Bit Bit Name |Initial Value R/W

Description

27t016 —

AllO

R

Reserved
These bits are always read as 0. The write value
should always be 0.

15 FD

R/W

FPU Disable Bit
A reset clears this bit to 0.

When this bit is set to 1 and an FPU instruction is not
in a delay slot, a general FPU disable exception
occurs. When this bit is set to 1 and an FPU
instruction is in a delay slot, a slot FPU disable
exception occurs. (FPU instructions: H'F***
instructions and LDS (.L)/STS(.L) instructions using
FPUL/FPSCR)

14t010 —

All0

Reserved
These bits are always read as 0. The write value
should always be 0.

9 M

R/W

8 Q

R/W

M Bit
Q Bit
Used by the DIVOS, DIVOU, and DIV1 instructions.

IMASK3
IMASK2

IMASKO

[ QU U ' Y

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

Interrupt Mask Level Bits
An interrupt whose priority is equal to or less than the
value of the IMASK bits is masked. These bits are not
modified by an interrupt.

7
6
5 IMASKA1
4
3

AllO

Reserved
These bits are always read as 0. The write value
should always be 0.

R/W

S Bit
Used by the MAC instruction.

R/W

T Bit
Indicates true/false or carry/borrow.

Saved Status Register (SSR): The contents of SR are saved to SSR in the event of an exception

or interrupt.

Saved Program Counter (SPC): The address of an instruction at which an interrupt or exception

occurs is saved to SPC.

Global Base Register (GBR): GBR is referenced as the base address in a GBR-referencing MOV

instruction.

Vector Base Register (VBR): VBR is referenced as the branch destination base address in the

event of an exception or interrupt.
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Saved General Register 15 (SGR): The contents of R15 are saved to SGR in the event of an
exception or interrupt.

Debug Base Register (DBR): When the user break debugging function is enabled (BRCR.UBDE
= 1), DBR is referenced as the branch destination address of the user break handler instead of
VBR.

224 System Registers

The system registers are 32 bits long. They consist of two multiply-and-accumulate registers
(MACH and MACL), the procedure register (PR), the program counter (PC), the floating-point
status/control register (FPSCR), and the floating-point communication register (FPUL). For details
on FPSCR and FPUL, see section 3, Floating-Point Unit (FPU).

Multiply-and-Accumulate Registers (MACH and MACL): MACH and MACL are used for the
added value in a MAC instruction, and to store the operation result of a MAC or MUL instruction.

Procedure Register (PR): The return address is stored in PR in a subroutine call using a BSR,
BSREF, or JSR instruction. PR is referenced by the subroutine return instruction (RTS).

Program Counter (PC): PC indicates the address of the instruction currently being executed.
2.2.5 FPU Registers

See section 3, Floating-Point Unit (FPU).

23 Memory-Mapped Registers

For details on the control registers mapped to memory, see section 32, List of Registers. The
control registers are double-mapped to the following two memory areas. All registers have two
addresses.

H'1CO00 0000 to H'1FFF FFFF
H'FC00 0000 to H'FFFF FFFF

These two areas are used as follows.

e H'1C00 0000 to H'1FFF FFFF
This area must be accessed using the address translation function of the MMU.
Setting the page number of this area to the corresponding field of the TLB enables access to a
memory-mapped register.

The operation of an access to this area without using the address translation function of the
MMU is not guaranteed.
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e H'FCO00 0000 to HFFFF FFFF

Access to area H'FC00 0000 to H'FFFF FFFF in user mode will cause an address error.
Memory-mapped registers can be referenced in user mode by means of access that involves
address translation.

Note: Do not access addresses to which registers are not mapped in either area. The operation of
an access to an address with no register mapped is undefined. Also, memory-mapped
registers must be accessed using a fixed data size. The operation of an access using an
invalid data size is undefined.

24 Data Formats

24.1 Data Format in Registers

Register operands are always longwords (32 bits). When a 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.

(&)
g
o

Longword |

242 Data Formats in Memory

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

A word operand must be accessed starting from a word boundary (even address of a 2-byte unit:
address 2n), and a longword operand starting from a longword boundary (even address of a 4-byte
unit: address 4n). An address error will result if this rule is not observed. A byte operand can be
accessed from any address.

Big endian or little endian byte order can be selected for the data format. The endian should be set
with the MDS5 external pin after a power-on reset. Big endian is selected when the MD5 pin is low,
and little endian when high. The endian cannot be changed dynamically. Bit positions are
numbered left to right from most-significant to least-significant. Thus, in a 32-bit longword, the
leftmost bit, bit 31, is the most significant bit and the rightmost bit, bit 0, is the least significant
bit.

The data format in memory is shown in figure 2.4.
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A A+1 A+2 A+3 A+11 A+10 A+9 A+8
31 23 15 7 0 31 23 15 7 0
7 0|7 of7 0|7 0 7 0|7 of7 0|7 0
Address A | Byte 0| Byte 1| Byte 2| Byte 3 Byte 3| Byte 2 | Byte 1|Byte 0| Address A +8
15 0[15 0 15 0f15 0
Address A + 4 Word 0 Word 1 Word 1 Word 0 Address A + 4
31 0 31 0
Address A + 8 Longword Longword Address A
Big endian Little endian

Figure 2.4 Data Formats in Memory

Note: The SH-4 does not support endian conversion for the 64-bit data format. Therefore, if
double-precision floating-point format (64-bit) access is performed in little endian mode,
the upper and lower 32 bits will be reversed.

2.5 Processing States

This LSI has five processing states: the reset state, exception-handling state, bus-released state,
program execution state, and power-down state.

Reset State: In this state the CPU is reset. The power-on reset state is entered when the RESET
pin goes low. The manual reset state is entered when the RESET pin is high and the MRESET pin
is low. For more information on resets, see section 8, Exceptions.

In the power-on reset state, the internal state of the CPU and the on-chip peripheral module
registers are initialized. In the manual reset state, the internal state of the CPU and registers of on-
chip peripheral modules other than the BSC are initialized. Since the BSC is not initialized in the
manual reset state, refreshing operations continue. For details, see register descriptions for each
section.

Exception-Handling State: This is a transient state during which the CPU's processing state flow
is altered by a reset, general exception, or interrupt exception handling source.

In the case of a reset, the CPU branches to address H'A000 0000 and starts executing the user-
coded exception handling program.

In the case of a general exception or interrupt, the PC is saved in the SPC, the SR is saved in the
SSR, and the R15 is saved in SGR. The CPU branches to the start address of the user-coded
exception handling routine found from the sum of the contents of the vector base address and the
vector offset. See section 8, Exceptions, for more information on resets, general exceptions, and
interrupts.

Program Execution State: In this state, the CPU executes program instructions in sequence.
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Power-Down State: In a power-down state, CPU halts operation and power consumption is
reduced. The power-down state is entered by executing a SLEEP instruction. There are three
modes in the power-down state: sleep mode, deep sleep mode, and standby mode. For details on
power-down states, see section 14, Power-Down Modes.

Bus-Released State: In this state, the CPU has released the bus to a device that requested it.

Transitions between the states are shown in figure 2.5.

From any state when From any state” when
RESET =0 RESET =1 and MRESET =0

N 1
' 1
' 1
' 1
|

' Power-on reset state Manual reset state .
|

' 1
' 1
N 1
' 1
h

Reset state
RESET =1,
RESET =1 MRESET = 1

Exception-handling state

Bus request
q Bus request

clearance
Interrupt Interrupt
Exception End of exception
Bus-released state interrupt transition
- * processing

Bus request

clearance
request

A

Bus request
clearance

Bus request Program execution state

SLEEP instruction
with STBY bit
cleared

. Sleep mode Standby mode E

SLEEP instruction
with STBY bit set

Power-down mode !

4

Note :”In the middle of a bus cycle, it does not change in the manual reset state.

Figure 2.5 Processing State Transitions
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2.6 Processing Modes

There are two processing modes: user mode and privileged mode. The processing mode is
determined by the processing mode bit (MD) in the status register (SR). User mode is selected
when the MD bit is cleared to 0, and privileged mode when the MD bit is set to 1. When the reset
state or exception state is entered, the MD bit is set to 1. When exception handling ends, the MD
bit is cleared to 0 and user mode is entered. There are certain registers and bits which can only be
accessed in privileged mode.

Rev. 2.00 Feb. 12, 2010 Page 50 of 1330
REJ09B0554-0200 RENESAS



Section 3 Floating-Point Unit (FPU)

Section 3 Floating-Point Unit (FPU)

3.1 Features
The FPU has the following features.

e Designed to meet IEEE754 standard

e 32 single-precision floating-point registers (can also be referenced as 16 double-precision
registers)

e Two rounding modes: Round to Nearest and Round to Zero

e Two denormalization modes: Flush to Zero and Treat Denormalized Number

e Six exception sources: FPU Error, Invalid Operation, Divide By Zero, Overflow, Underflow,
and Inexact

e Comprehensive instructions: Single-precision, double-precision, graphics support, and system
control

When the FD bit in SR is set to 1, the FPU cannot be used, and an attempt to execute an FPU
instruction will cause an FPU disable exception.

3.2 Data Formats

3.21 Floating-Point Format
A floating-point number consists of the following three fields:

e Sign (s)
e Exponent (e)
e Fraction (f)

The FPU can handle single-precision and double-precision floating-point numbers, using the
formats shown in figures 3.1 and 3.2.

31 30 23 22 0

S e f

Figure 3.1 Format of Single-Precision Floating-Point Number

63 62 52 51 0

s e f

Figure 3.2 Format of Double-Precision Floating-Point Number
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The exponent is expressed in biased form, as follows:
e =E + bias

The range of unbiased exponent EisE , —1to E__+ 1. The two valuesE , —1andE_ + 1 are
distinguished as follows. E_, — 1 indicates zero (both positive and negative sign) and a
denormalized number, and E _+ 1 indicates positive or negative infinity or a non-number (NaN).

Table 3.1 shows E , and E_  values.

Table 3.1 Floating-Point Number Formats and Parameters

Parameter Single-Precision Double-Precision
Total bit width 32 bits 64 bits

Sign bit 1 bit 1 bit

Exponent field 8 bits 11 bits

Fraction field 23 bits 52 bits

Precision 24 bits 53 bits

Bias +127 +1023

E.. +127 +1023

E -126 -1022

'min

Floating-point number value v is determined as follows:

IfE=E,  +1andf=#0,visanon-number (NaN) irrespective of sign s
IfE=E__+1andf=0,v=(-1) (infinity) [positive or negative infinity]
IfE, <E<E,_ ,v=(-1)2°(1.f) [normalized number]

IfE=E, —1andf=#0,v=(-1)2""(0.f) [denormalized number]

IfE=E_ - 1landf=0,v=(-1)0 [positive or negative zero]

Table 3.2 shows the ranges of the various numbers in hexadecimal notation.
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Table 3.2  Floating-Point Ranges

Type Single-Precision Double-Precision
Signaling non-number H'7FFF FFFF to H7FCO0 0000 H'7FFF FFFF FFFF FFFF to
H'7FF8 0000 0000 0000
Quiet non-number H'7FBF FFFF to H'7F80 0001 H'7FF7 FFFF FFFF FFFF to
H'7FF0 0000 0000 0001
Positive infinity H'7F80 0000 H'7FFO 0000 0000 0000
Positive normalized H'7F7F FFFF to H'0080 0000 H'7FEF FFFF FFFF FFFF to
number H'0010 0000 0000 0000
Positive denormalized H'007F FFFF to H'0000 0001  H'O00F FFFF FFFF FFFF to
number H'0000 0000 0000 0001
Positive zero H'0000 0000 H'0000 0000 0000 0000
Negative zero H'8000 0000 H'8000 0000 0000 0000
Negative denormalized H'8000 0001 to H'807F FFFF  H'8000 0000 0000 0001 to
number H'800F FFFF FFFF FFFF
Negative normalized H'8080 0000 to H'FF7F FFFF  H'8010 0000 0000 0000 to
number H'FFEF FFFF FFFF FFFF
Negative infinity H'FF80 0000 H'FFFO 0000 0000 0000
Quiet non-number H'FF80 0001 to H'FFBF FFFF  H'FFFO 0000 0000 0001 to
H'FFF7 FFFF FFFF FFFF
Signaling non-number H'FFCO0 0000 to H'FFFF FFFF  H'FFF8 0000 0000 0000 to

HFFFF FFFF FFFF FFFF

3.2.2 Non-Numbers (NaN)
Figure 3.3 shows the bit pattern of a non-number (NaN). A value is NaN in the following case:

e Sign bit: Don't care
e Exponent field: All bits are 1

e Fraction field: At least one bitis 1

The NaN is a signaling NaN (sNaN) if the MSB of the fraction field is 1, and a quiet NaN (qNaN)
if the MSB is 0.
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31 30 23 22 0

X 11111111 NXXXXXXXXXXXXXXXXXXXXXX

N = 1:sNaN
N = 0:gNaN

Figure 3.3 Single-Precision NaN Bit Pattern

An sNaN is input in an operation, except copy, FABS, and FNEG, that generates a floating-point
value.

e  When the EN.V bit in FPSCR is 0, the operation result (output) is a gNaN.

e  When the EN.V bit in FPSCR is 1, an invalid operation exception will be generated. In this
case, the contents of the operation destination register are unchanged.

If a gNaN is input in an operation that generates a floating-point value, and an sNaN has not been
input in that operation, the output will always be a qNaN irrespective of the setting of the EN.V bit
in FPSCR. An exception will not be generated in this case.

The gNAN values as operation results are as follows:

o Single-precision qNaN: H'7FBF FFFF
e Double-precision qNaN: H'7FF7 FFFF FFFF FFFF

See the individual instruction descriptions for details of floating-point operations when a non-
number (NaN) is input.

3.2.3 Denormalized Numbers

For a denormalized number floating-point value, the exponent field is expressed as 0, and the
fraction field as a non-zero value.

When the DN bit in FPSCR of the FPU is 1, a denormalized number (source operand or operation
result) is always flushed to O in a floating-point operation that generates a value (an operation
other than copy, FNEG, or FABS).

When the DN bit in FPSCR is 0, a denormalized number (source operand or operation result) is
processed as it is. See the individual instruction descriptions for details of floating-point
operations when a denormalized number is input.
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3.3 Register Descriptions

3.3.1 Floating-Point Registers

Figure 3.4 shows the floating-point register configuration. There are thirty-two 32-bit floating-
point registers, referenced by specifying FRO to FR15, DR0/2/4/6/8/10/12/14, FV0/4/8/12, XFO to
XF15, XD0/2/4/6/8/10/12/14, or XMTRX.

1.

Floating-point registers, FPRi_BANK]j (32 registers)
FPRO_BANKO to FPR15_BANKO
FPRO_BANKI1 to FPR15_BANKI1

Single-precision floating-point registers, FRi (16 registers)
‘When FPSCR.FR = 0, FRO to FR15 indicate FPRO_BANKO to FPR15_BANKO;
when FPSCR.FR = 1, FRO to FR15 indicate FPRO_BANKI1 to FPR15_BANKI.

Double-precision floating-point registers, DRi (8 registers): A DR register comprises two FR
registers.

DRO = {FRO, FR1}, DR2 = {FR2, FR3}, DR4 = {FR4, FR5}, DR6 = {FR6, FR7},

DR8 = {FR8, FR9}, DR10 = {FR10, FR11}, DR12 = {FR12, FR13}, DR14 = {FR14, FR15}

Single-precision floating-point vector registers, FVi (4 registers): An FV register comprises
four FR registers.

FVO0 = {FRO, FR1, FR2, FR3}, FV4 = {FR4, FRS5, FR6, FR7},

FV8 = {FR8, FR9, FR10, FR11}, FV12 = {FR12, FR13, FR14, FR15}
Single-precision floating-point extended registers, XFi (16 registers)

When FPSCR.FR = 0, XFO to XF15 indicate FPRO_BANKI1 to FPR15_BANKI;
when FPSCR.FR = 1, XFO to XF15 indicate FPRO_BANKO to FPR15_BANKO.

Double-precision floating-point extended registers, XDi (8 registers): An XD register
comprises two XF registers.

XDO0 = {XFO0, XF1}, XD2 = {XF2, XF3}, XD4 = {XF4, XF5}, XD6 = { XF6, XF7},

XD8 = {XF8, XF9}, XD10 = {XF10, XF11}, XD12 = {XF12, XF13}, XD14 = {XF14, XF15}

Single-precision floating-point extended register matrix, XMTRX: XMTRX comprises all 16
XF registers.

XMTRX = | XFO XF4 XF8 XF12
XF1 XF5 XF9 XF13
XF2 XF6 XF10  XF14
XF3 XF7 XF11 XF15
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FPSCR.FR =0

FVo DRO FRO FPRO_BANKO
FR1 FPR1_BANKO

DR2 FR2 FPR2_BANKO

FR3 FPR3_BANKO

Fv4 DR4 FR4 FPR4_BANKO
FR5 FPR5_BANKO

DR6 FR6 FPR6_BANKO

FR7 FPR7_BANKO

FVv8 DR8 FR8 FPR8_BANKO
FR9 FPR9_BANKO

DR10 FR10 FPR10_BANKO

FR11 FPR11_BANKO

FVi12 DR12 FRi12 FPR12_BANKO
FR13 FPR13_BANKO

DR14 FR14 FPR14_BANKO

FR15 FPR15_BANKO

XMTRX XDOo XFO FPRO_BANK1
XF1 FPR1_BANK1

XD2 XF2 FPR2_BANK1
XF3 FPR3_BANK1

XD4 XF4 FPR4_BANK1
XF5 FPR5_BANK1

XD6 XF6 FPR6_BANK1
XF7 FPR7_BANK1

XD8 XF8 FPR8_BANK1
XF9 FPR9_BANK1

XD10  XF10 FPR10_BANK1
XF11 FPR11_BANK1

XD12  XF12 FPR12_BANK1
XF13 FPR13_BANK1

XD14  XF14 FPR14_BANK1
XF15 FPR15_BANK1

FPSCR.FR = 1

XFO
XF1
XF2
XF3
XF4
XF5
XF6
XF7
XF8
XF9
XF10
XF11
XF12
XF13
XF14
XF15

FRO
FR1
FR2
FR3
FR4
FR5
FR6
FR7
FR8
FR9

FR10

FR11

FR12

FR13

FR14

FR15

XDO XMTRX

XD2

XD4

XD6

XD8

XD10

XD12

XD14

DRO

DR2

DR4

DR6

DR8

DR10

DR12

DR14

FVO

Fva

FVv8

FV12

Figure 3.4 Floating-Point Registers
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3.3.2 Floating-Point Status/Control Register (FPSCR)

FPSCR is a 32-bit register that controls floating-point instructions, sets FPU exceptions, and
selects the rounding mode. Do not set the SZ and PR bits to 1 simultaneously; this setting is
reserved.

Bit: 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

L - [-T-7-[-T-T-T-JT-[emfozfepafon] caus |

Initial value: 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0
RW: R R R R R R R R R R RW RW RW RW RW RW

Bit: 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
| Cause I Enable I Flag I RM1 I RMO |

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

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

Bit Bit Name Initial Value R/W Description

31t022 — All O R Reserved
These bits are always read as 0. The write value
should always be 0.

21 FR 0 R/W  Floating-Point Register Bank

0: FPRO_BANKO to FPR15_BANKO are assigned to
FRO to FR15 and FPRO_BANK1 to
FPR15_BANKT1 are assigned to XFO to XF15

1: FPRO_BANKO to FPR15_BANKO are assigned to
XFO0 to XF15 and FPRO_BANK1 to
FPR15_BANK1 are assigned to FRO to FR15

20 SZ 0 R/W  Transfer Size Mode
0: Data size of FMOV instruction is 32-bits
1: Data size of FMOV instruction is a 32-bit register
pair (64 bits)
19 PR 0 R/W  Precision Mode
0: Floating-point instructions are executed as
single-precision operations
1: Floating-point instructions are executed as
double-precision operations (graphics support
instructions are undefined)
18 DN 1 R/W  Denormalization Mode

0: Denormalized number is treated as such
1: Denormalized number is treated as zero
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Bit Bit Name Initial Value R/W Description

17 to 12 Cause All O R/W  FPU Exception Cause Field
FPU Exception Enable Field

11to7 Enabl All R

° nable 0 W £py Exception Flag Field

6to2  Flag AllO R/W  When an FPU exception occurs, the bits
corresponding to the FPU exception cause field and
FPU exception flag field are set to 1. Each time an
FPU operation instruction is executed, the FPU
exception cause field is cleared to 0. The FPU
exception flag field remains set to 1 until it is cleared
to 0 by software.
For bit allocations of each field, see table 3.3.

1 RM1 0 R/W  Rounding Mode

0 RMO 1 R/W  These bits select the rounding mode.

00: Round to Nearest
01: Round to Zero
10: Reserved

11: Reserved

Table 3.3  Bit Allocation for FPU Exception Handling

FPU Invalid Division Overflow Underflow Inexact
Field Name Error (E) Operation (V) by Zero (Z) (O) ) m
Cause FPU exception Bit 17 Bit 16 Bit 15 Bit 14 Bit 13 Bit 12
cause field
Enable FPU exception None Bit 11 Bit 10 Bit 9 Bit 8 Bit 7
enable field
Flag FPU exception flag None Bit 6 Bit 5 Bit 4 Bit 3 Bit 2
field

333 Floating-Point Communication Register (FPUL)

Information is transferred between the FPU and CPU via FPUL. FPUL is a 32-bit system register
that is accessed from the CPU side by means of LDS and STS instructions. For example, to
convert the integer stored in general register R1 to a single-precision floating-point number, the

processing flow is as follows:

R1 — (LDS instruction) - FPUL — (single-precision FLOAT instruction) — FR1
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34 Rounding

In a floating-point instruction, rounding is performed when generating the final operation result
from the intermediate result. Therefore, the result of combination instructions such as FMAC,
FTRYV, and FIPR will differ from the result when using a basic instruction such as FADD, FSUB,
or FMUL. Rounding is performed once in FMAC, but twice in FADD, FSUB, and FMUL.

Which of the two rounding methods is to be used is determined by the RM bits in FPSCR.

FPSCR.RM[1:0] = 00: Round to Nearest
FPSCR.RM[1:0] = 01: Round to Zero

Round to Nearest: The operation result is rounded to the nearest expressible value. If there are
two nearest expressible values, the one with an LSB of 0 is selected.

Emax

If the unrounded value is 2°™ (2 — 2" or more, the result will be infinity with the same sign as the
unrounded value. The values of Emax and P, respectively, are 127 and 24 for single-precision, and
1023 and 53 for double-precision.

Round to Zero: The digits below the round bit of the unrounded value are discarded.

If the unrounded value is larger than the maximum expressible absolute value, the value will
become the maximum expressible absolute value.

3.5 Floating-Point Exceptions

3.5.1 General FPU Disable Exceptions and Slot FPU Disable Exceptions

FPU-related exceptions include general FPU disable exceptions and slot FPU disable exceptions.
These exceptions occur if an FPU instruction is executed when the FD bit of SR is set to 1.

3.5.2 FPU Exception Sources
The exception sources are as follows:

e FPU error (E): When FPSCR.DN = 0 and a denormalized number is input
e Invalid operation (V): In case of an invalid operation, such as NaN input
e Division by zero (Z): Division with a zero divisor

e Overflow (O): When the operation result overflows

e Underflow (U): When the operation result underflows

e Inexact exception (I): When overflow, underflow, or rounding occurs
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The FPU exception cause field in FPSCR contains bits corresponding to all of above sources E, V,
Z, 0, U, and I, and the FPU exception flag and enable fields in FPSCR contain bits corresponding
to sources V, Z, O, U, and I, but not E. Thus, FPU errors cannot be disabled.

When an FPU exception occurs, the corresponding bit in the FPU exception cause field is set to 1,
and 1 is added to the corresponding bit in the FPU exception flag field. When an FPU exception
does not occur, the corresponding bit in the FPU exception cause field is cleared to 0, but the
corresponding bit in the FPU exception flag field remains unchanged.

353 FPU Exception Handling
FPU exception handling is initiated in the following cases:

e FPU error (E): FPSCR.DN = 0 and a denormalized number is input
o Invalid operation (V): FPSCR.Enable.V = 1 and (instruction = FTRV or invalid operation)
e Division by zero (Z): FPSCR.Enable.Z = 1 and division with a zero divisor

e Overflow (O): FPSCR.Enable.O = 1 and instruction with possibility of operation result
overflow

e Underflow (U): FPSCR.Enable.U = 1 and instruction with possibility of operation result
underflow

e Inexact exception (I): FPSCR.Enable.I = 1 and instruction with possibility of inexact operation
result

These possibilities are shown in the individual instruction descriptions. All exception events that
originate in the FPU are assigned as the same exception event. The meaning of an exception is
determined by software by reading from FPSCR and interpreting the information it contains. If no
bits are set in the FPU exception cause field of FPSCR when one or more of bits O, U, I, and V (in
case of FTRV only) are set in the FPU exception enable field, this indicates that an actual
exception source is not generated. Also, the destination register is not changed by any FPU
exception handling operation.

Except for the above, the FPU disables exception handling. In every processing, the bit
corresponding to source V, Z, O, U, or L is set to 1, and a default value is generated as the
operation result.

e Invalid operation (V): gNaN is generated as the result.
e Division by zero (Z): Infinity with the same sign as the unrounded value is generated.
e Overflow (O):
When rounding mode = RZ, the maximum normalized number, with the same sign as the

unrounded value, is generated.
When rounding mode = RN, infinity with the same sign as the unrounded value is generated.
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e Underflow (U):
When FPSCR.DN = 0, a denormalized number with the same sign as the unrounded value, or
zero with the same sign as the unrounded value, is generated.
When FPSCR.DN = 1, zero with the same sign as the unrounded value, is generated.

o Inexact exception (I): An inexact result is generated.

3.6 Graphics Support Functions

The FPU supports two kinds of graphics functions: new instructions for geometric operations, and
pair single-precision transfer instructions that enable high-speed data transfer.

3.6.1 Geometric Operation Instructions

Geometric operation instructions perform approximate-value computations. To enable high-speed
computation with a minimum of hardware, the FPU ignores comparatively small values in the
partial computation results of four multiplications. Consequently, the error shown below is
produced in the result of the computation:

Maximum error = MAX (individual multiplication result x
2—MIN (number of multiplier significant digits—1, number of multiplicand significant dlg\ls—1)) + MAX (I’eSU|t Value x 2—23, 2—149)

The number of significant digits is 24 for a normalized number and 23 for a denormalized number
(number of leading zeros in the fractional part).

In a future version of the SuperH RISC engine family, the above error is guaranteed, but the same
result is not guaranteed.

FIPR FVm, FVn (m, n: 0, 4, 8, 12): This instruction is basically used for the following purposes:

e Inner product (m # n):
This operation is generally used for surface/rear surface determination for polygon surfaces.
e Sum of square of elements (m = n):

This operation is generally used to find the length of a vector.

Since approximate-value computations are performed to enable high-speed computation, the
inexact exception (I) bit in both the FPU exception cause field and flag field are always set to 1
when an FIPR instruction is executed. Therefore, if the I bit is set in the FPU exception enable
field, FPU exception handling will be executed.

FTRV XMTRX, FVn (n: 0, 4, 8, 12): This instruction is basically used for the following
purposes:

e Matrix (4 x 4) - vector (4):
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This operation is generally used for viewpoint changes, angle changes, or movements called
vector transformations (4-dimensional). Since affine transformation processing for angle +
parallel movement basically requires a 4 x 4 matrix, the FPU supports 4-dimensional
operations.

e Matrix (4 x 4) x matrix (4 x 4):
This operation requires the execution of four FTRV instructions.

Since approximate-value computations are performed to enable high-speed computation, the
inexact exception (I) bit in both the FPU exception cause field and flag field are always set to 1
when an FTRYV instruction is executed. Therefore, if the I bit is set in the FPU exception enable
field, FPU exception handling will be executed. It is not possible to check all data types in the
registers beforehand when executing an FTRV instruction. If the V bit is set in the FPU exception
enable field, FPU exception handling will be executed.

FRCHG: This instruction modifies banked registers. For example, when the FTRV instruction is
executed, matrix elements must be set in an array in the background bank. However, to create the
actual elements of a translation matrix, it is easier to use registers in the foreground bank. When
the LDS instruction is used on FPSCR, this instruction takes four to five cycles in order to
maintain the FPU state. With the FRCHG instruction, the FR bit in FPSCR can be changed in one
cycle.

3.6.2 Pair Single-Precision Data Transfer

In addition to the powerful new geometric operation instructions, the FPU also supports high-
speed data transfer instructions.

When the SZ bit is 1, the FPU can perform data transfer by means of pair single-precision data
transfer instructions.

¢ FMOV DRm/XDm, DRn/XDRn (m, n: 0, 2, 4, 6, 8, 10, 12, 14)
e FMOV DRm/XDm, @Rn (m: 0, 2, 4, 6, 8, 10, 12, 14; n: 0 to 15)

These instructions enable two single-precision (2 x 32-bit) data items to be transferred; that is, the
transfer performance of these instructions is doubled.

e FSCHG

This instruction changes the value of the SZ bit in FPSCR, enabling fast switching between use
and non-use of pair single-precision data transfer.

Programming Note: When the SZ bit is 1 and big-endian mode is used, FMOV can be used for a
double-precision floating-point load or store. In little-endian mode, a double-precision floating-
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point load or store requires execution of two 32-bit data size operations with the SZ bit in FPSCR
cleared to 0.

3.7 Usage Notes
3.7.1 Rounding Mode and Underflow Flag

When using the Round to Nearest rounding mode, the underflow flag may not be set in cases
defined as underflow by the IEEE754 standard.

Under the IEEE754 standard, when the Round to Nearest rounding mode is used and infinite-
precision operation result x is (i) or (ii) (single-precision) or (iii) or (iv) (double-precision), there
are cases where “the result after rounding is a normalized number, but an underflow results.”

In such cases where “the result after rounding is a normalized number, but an underflow results,”
the FPU does not set the underflow flag to 1. In these cases the operation result, the value written
to FRn, is correct. Also, if an FPU exception occurs, the underflow flag is not set to 1 but the
inexact flag is set to 1 in such cases. Generation of FPU exceptions can be enabled by setting the
enable field to 1.

(i) H'007FFFFF < x < H'00800000
(i) H'807FFFFF > x > H'80800000
(iii) H'000FFFFF FFFFFFFF < x < H'00100000 00000000
(iv) H'800FFFFF FFFFFFFF > x > H'80100000 00000000

Examples

¢ Single-precision
When FPSCR.RM = 00 (Round to Nearest) and FPSCR.PR = 0 (single-precision), and the
FMUL instruction (H'0O0FFF000 * H'3F000800) is executed.
a. According to IEEE754 standard
Operation result: H'00800000
FPSCR: H'0004300C
b. FPU
Operation result: H'00800000
FPSCR: H'00041004
e Double-precision

When FPSCR.RM = 00 (Round to Nearest) and FPSCR.PR = 1 (double-precision), and the
FDIV instruction (H'001FFFFF FFFFFFFF / H'40000000 00000000) is executed.

a. According to IEEE754 standard
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Operation result: H'00100000 00000000
FPSCR: H'000C300C

b. FPU
Operation result: H'00100000 00000000
FPSCR: H'000C1004

Workarounds

1. Use FPSCR.RM =01, that is to say Round to Zero rather than Round to Nearest mode.

2. Use FPSCR.RM = 00, that is to say Round to Nearest mode, and set the enable field to 1 to
enable generation of inexact exceptions so that the exception handling routine can be used to
check whether or not an underflow has occurred.

3.7.2 Setting of Overflow Flag by FIPR or FTRYV Instruction

When the maximum error produced by the FIPR or FTRV instruction exceeds the maximum value
expressible as a normalized number (H'7F7FFFFF), the overflow flag may be set, even through
the operation result is a positive or negative zero (H'00000000 or H'80000000).

Example: The operation result (FR7) after executing the instruction FIPR FV4, FVO0 is
H'00000000 (positive zero), but the overflow flag may be set nevertheless.

FPSCR = H'00040001
FRO = HFF7EF631 , FR1 = H80000000 , FR2 = H'8087F451 , FR3 = H'7F7EF631
FR4 = H'7F7EF631 , FR5 = H'0087F451 , FR6 = H'7F7EF631 , FR7 = H'7F7EF631

Workaround: Avoid using the FIPR and FTRYV instructions, and use the FADD, FMUL, and
FMAC instructions instead.
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3.7.3 Sign of Operation Result when Using FIPR or FTRYV Instruction

When two or more data items used in an operation by the FIPR or FTRYV instruction are infinity,
and all of the infinity items in the multiplication results have the same sign, the sign of the
operation result may be incorrect.

Workarounds

1. Do not use infinity. If conditions (a) to (c) below are satisfied, infinity is never used in
operations.
a. Use Round to Zero (FPSCR.RM = 01) as the rounding mode.
b. Do not divide by zero.
c. Do not transfer a value of positive or negative infinity to FRO to FR15 or to XFO0 to XF15.

2. Avoid using the FIPR and FTRYV instructions, and use the FADD, FMUL, and FMAC
instructions instead.

3.74 Notes on Double-Precision FADD and FSUB Instructions

Description: If the input data for a double-precision FADD instruction or a double-precision
FSUB instruction satisfies all of the conditions listed below, the inexact bits (FPSCR.Flag.I and
FPSCR.Cause.l) may not be set even through the operation result is inexact.

Condition 1: The operation instruction is a double-precision FADD instruction or a double-
precision FSUB instruction.

Condition 2: The difference between the DRn and DRm exponents is between 43 and 50.

Condition 3: At least one of bits 31 to 24 of the mantissa portion of whichever of DRn and DRm
has the smaller absolute value is 1.

Condition 4: Bits 23 to 0 of the mantissa portion of whichever of DRn and DRm has the smaller
absolute value are all 0.

Condition 5: Bits 40 to 32 of the mantissa portion of whichever of DRn and DRm has the smaller
absolute value are all 0.

In addition, the result of an operation meeting the above conditions may have a rounding error.
Specifically, in a case where the closest expressible value less than the unrounded value should be
selected, the closest expressible value greater than the unrounded value is selected instead.
Conversely, in a case where the closest expressible value greater than the unrounded value should
be selected, the closest expressible value less than the unrounded value is selected instead.
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Example: If the double-precision FSUB instruction (FSUB DRO, DR?2) is executed with input
data DRO = H'C1F00000 80000000, DR2 = H'C4B250D2 0CC1FB74, and FPSCR = H'000C0001,
the correct operation result is DR2 = H'C4B250D2 0CC1F973, and FPSCR.Flag.I and
FPSCR.Cause.I should be set to 1. However, the result actually produced by the FPU is DR2 =
H'C4B250D2 0CC1F974, and FPSCR.Flag.l and FPSCR.Cause.I are not set to 1.

Effects: In addition to the problem described above, the numerical size of the result of the
operation may contain a minute operation error equivalent to 1/256 of the LSB of the mantissa of
the unrounded value. This is can be described as within the scope of the subsequent rounding
mechanism. Strictly speaking, it consists of the following.

. The infinite-precision operation result
: The closest expressible value less than a

a
b

c: The closest expressible value greater than a

d: The operation result when a is rounded correctly
e

: The operation result when a is rounded by the FPU

o The rounding error when rounding is performed correctly in Round to Nearest mode is:
0<|d-a|<(1/2)x(c—Db)

And the rounding error when rounding is performed by the FPU is:
0<le—al|<(129/256) x (c —b)

If ¢ — b is considered the LSB of the mantissa, the range of rounding error is equivalent to
1/256 of the LSB of the mantissa of the correctly rounded value.

e The rounding error when rounding is performed correctly in Round to Zero mode is:
- x(c-b)<|d|-]al<0

And the rounding error when rounding is performed by the FPU is:
(-)x(c=b)<|el]-a]<(1/256) x (c —b)

If ¢ — b is considered the LSB of the mantissa, the range of rounding error is equivalent to
1/256 of the LSB of the mantissa of the correctly rounded value.
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Section 4 Instruction Set

4.1 Execution Environment
PC: At the start of instruction execution, the PC indicates the address of the instruction itself.

e Data sizes and data types
The SH-4 instruction set is implemented with 16-bit fixed-length instructions. The SH-4 can
use byte (8-bit), word (16-bit), longword (32-bit), and quadword (64-bit) data sizes for
memory access. Single-precision floating-point data (32 bits) can be moved to and from
memory using longword or quadword size. Double-precision floating-point data (64 bits) can
be moved to and from memory using longword size. When a double-precision floating-point
operation is specified (PR in FPSCR = 1), the result of an operation using quadword access
will be undefined. When the SH-4 moves byte-size or word-size data from memory to a
register, the data is sign-extended.

Load-Store Architecture: The SH-4 has a load-store architecture in which operations are
basically executed using registers. Except for bit-manipulation operations such as logical AND
that are executed directly in memory, operands in an operation that requires memory access are
loaded into registers and the operation is executed between the registers.

Delayed Branches: Except for the two branch instructions BF and BT, the SH-4 branch
instructions and RTE are delayed branches. In a delayed branch, the instruction following the
branch is executed before the branch destination instruction. This execution slot following a
delayed branch is called a delay slot. For example, the BRA execution sequence is as follows:

Static Sequence Dynamic Sequence

BRA TARGET BRA TARGET

ADD R1,RO0 ADD R1, R0 ADD in delay slot is executed before
next_2 target_instr branching to TARGET

Delay Slot: A slot illegal instruction exception may occur when a specific instruction is executed
in a delay slot. For details, see section 8, Exceptions. The instruction following BF/S or BT/S for
which the branch is not taken is also a delay slot instruction.

T Bit: The T bit in SR is used to show the result of a compare operation, and is referenced by a
conditional branch instruction. An example of the use of a conditional branch instruction is shown
below.
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ADD #1, RO ; T bit is not changed by ADD operation
CMP/EQ RI1, RO ;IfRO=R1, Thitis setto 1
BT TARGET ; Branches to TARGET if T bit = 1 (RO = R1)

In an RTE delay slot, the SR bits are referenced as follows. In instruction access, the MD bit is
used before modification, and in data access, the MD bit is accessed after modification. The other
bits—S, T, M, Q, FD, BL, and RB—after modification are used for delay slot instruction
execution. The STC and STC.L SR instructions access all SR bits after modification.

Constant Values: An 8-bit constant value can be specified by the instruction code and an
immediate value. 16-bit and 32-bit constant values can be defined as literal constant values in
memory, and can be referenced by a PC-relative load instruction.

MOV.W @(disp, PC), Rn
MOV.L  @(disp, PC), Rn

There are no PC-relative load instructions for floating-point operations. However, it is possible to
set 0.0 or 1.0 by using the FLDIO or FLDI1 instruction on a single-precision floating-point
register.
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4.2 Addressing Modes

Addressing modes and effective address calculation methods are shown in table 4.1. When a
location in virtual memory space is accessed (AT in MMUCR = 1), the effective address is
translated into a physical memory address. If multiple virtual memory space systems are selected
(SV in MMUCR = 0), the least significant bit of PTEH is also referenced as the access ASID. For
details, see section 6, Memory Management Unit (MMU).

Table 4.1 Addressing Modes and Effective Addresses

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 —» EA
indirect (EA: effective
address)
Register @Rn+ Effective address is register Rn contents. Rn — EA
indirect A constant is added to Rn after instruction After
with post- execution: 1 for a byte operand, 2 for a word instruction
increment operand, 4 for a longword operand, 8 for a execution
quadword operand. Byte:
Rn+1—>Rn
Word:
Rn+2 — Rn
Longword:
1/2/4/8 Rn +4 — Rn
Quadword:
Rn +8 - Rn
Register @-Rn Effective address is register Rn contents, Byte:
indirect decremented by a constant beforehand: Rn—-1—> Rn
with pre- 1 for a byte operand, 2 for a word operand, Word:
decrement 4 for a longword operand, 8 for a quadword Rn-2 - Rn
operand.
Longword:
Rn Rn-4 - Rn
- Quadword:
Rn —1/2/4/8 Rn— 1/2/4/8 Rn 8 > Rn
Rn — EA
1/2/4/8 (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: Rn +
indirect with 4-bit displacement disp added. After disp is disp —» EA
displacement zero-extended, it is multiplied by 1 (byte), 2 Word: Bn +
(word), or 4 (longword), according to the disp x 2 — EA
operand size.
Longword:
Rn + disp x 4
i — EA
disp Rn + disp x 1/2/4
(zero-extended)
Indexed @ (RO, Rn) Effective address is sum of register Rnand RO Rn + RO —
register contents. EA
indirect
&
GBRindirect @(disp:8, GBR) Effective address is register GBR contents with  Byte: GBR +
with 8-bit displacement disp added. After disp is disp —» EA
displacement zero-extended, it is multiplied by 1 (byte), 2 Word: GBR +
(word), or 4 (longword), according to the disp x 2 — EA
operand size.
Longword:
GBR + disp x
4 - EA
disp . GBR
(zero-extended) + disp x 1/2/4
Indexed @ (RO, GBR) Effective address is sum of register GBR and RO GBR + RO —
GBR indirect contents. EA

GBR + RO

Rev. 2.00 Feb. 12,2010 Page 70 of 1330

REJ09B0554-0200

RENESAS



Section 4 Instruction Set

Addressing Instruction Calculation
Mode Format Effective Address Calculation Method Formula
PC-relative = @(disp:8, PC) Effective address is PC + 4 with 8-bit displacement Word: PC + 4
with disp added. After disp is zero-extended, it is +disp x2 >
displacement multiplied by 2 (word), or 4 (longword), according  EA
to the operand size. With a longword operand, Longword:
the lower 2 bits of PC are masked. PC & HFFFF
frrosas
disp x4 —>
EA
H'FFFF FFFC
PC + 4 + disp
X 2
or PC &
H'FFFF FFFC
(zero-extended) +4+dispx4
* With longword operand
PC-relative  disp:8 Effective address is PC + 4 with 8-bit displacement PC + 4 + disp
disp added after being sign-extended and X2 >
multiplied by 2. Branch-
Target

PC + 4 + disp x 2

(sign-extended)
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Addressing Instruction Calculation
Mode Format Effective Address Calculation Method Formula
PC-relative  disp:12 Effective address is PC + 4 with 12-bit PC + 4 + disp

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

PC + 4 + disp x 2

(sign-extended)

x 2 — Branch-
Target

Rn

PC +4 +Rn

PC +4 +Rn
— Branch-
Target

Immediate #imm:8

8-bit immediate data imm of TST, AND, OR, or
XOR instruction is zero-extended.

#imm:8

8-bit immediate data imm of MOV, ADD, or
CMP/EQ instruction is sign-extended.

#imm:8

8-bit immediate data imm of TRAPA instruction is
zero-extended and multiplied by 4.

Note: For the addressing modes below that use a displacement (disp), the assembler descriptions
in this manual show the value before scaling (x1, x2, or x4) is performed according to the
operand size. This is done to clarify the operation of the LSI. Refer to the relevant
assembler notation rules for the actual assembler descriptions.

@ (disp:4, Rn) ; Register indirect with displacement
@ (disp:8, GBR) ; GBR indirect with displacement

@ (disp:8, PC) ; PC-relative with displacement
disp:8, disp:12 ; PC-relative

Rev. 2.00 Feb. 12,2010 Page 72 of 1330

REJ09B0554-0200

RENESAS



Section 4 Instruction Set

4.3 Instruction Set

Table 4.2 shows the notation used in the SH instruction lists shown in tables 4.3 to 4.12.

Table 4.2  Notation Used in Instruction List

Item Format Description
Instruction OP.Sz SRC, DEST OFP: Operation code
mnemonic Sz: Size
SRC: Source operand
DEST: Source and/or destination operand
Summary of -, «— Transfer direction
operation (xx) Memory operand
M/Q/T SR flag bits
& Logical AND of individual bits
| Logical OR of individual bits
A Logical exclusive-OR of individual bits

Logical NOT of individual bits

<<n, >>n n-bit shift

Instruction code

MSB < LSB

mmmm: Register number (Rm, FRm)
nnnn: Register number (Rn, FRn)

0000: RO, FRO
0001: R1, FR1

1111: R15, FR15
mmm: Register number (DRm, XDm, Rm_BANK)

nnn: Register number (DRm, XDm, Rn_BANK)
000: DRO, XD0, RO_BANK

001: DR2, XD2, R1_BANK

111: DR14, XD14, R7_BANK

mm: Register number (FVm)

nn: Register number (FVn)

00: FVO

01: Fv4

10: Fv8

11: Fv12

iiii: Immediate data
dddd: Displacement

Privileged mode

"Privileged" means the instruction can only be executed

in privileged mode.

T bit

Value of T bit after
instruction execution

—: No change

Note: Scaling (x1, x2, x4, or x8) is executed according to the size of the instruction operand.
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Table 4.3  Fixed-Point Transfer Instructions

Instruction Operation Instruction Code Privileged T Bit

MOV #imm,Rn imm — sign extension — Rn 1110nnnniiiiiiii — —

MOV.W @(disp,PC),Rn (disp x 2 + PC + 4) — sign 1001nnnndddddddd — —
extension — Rn

MOV.L @ (disp,PC),Rn (disp x 4 + PC & HFFFF FFFC 1101nnnndddddddd — —
+4) > Rn

MOV Rm,Rn Rm — Rn 0110nnnnmmmm00ll — —

MOV.B Rm,@Rn Rm — (Rn) 0010nnnnmmmm0000 — —

MOV.W  Rm,@Rn Rm — (Rn) 0010nnnnmmmm0001 — —

MOV.L Rm,@Rn Rm — (Rn) 0010nnnnmmmm0010 — —

MOV.B @Rm,Rn (Rm) — sign extension — Rn 0110nnnnmmmm0000 — —

MOV.W  @Rm,Rn (Rm) — sign extension - Rn  0110nnnnmmmm0001 — —

MOV.L @Rm,Rn (Rm) - Rn 0110nnnnmmmm0010 — —

MOV.B Rm,@-Rn Rn-1 — Rn, Rm — (Rn) 0010nnnnmmmm0100 — —

MOV.W  Rm,@-Rn Rn-2 — Rn, Rm — (Rn) 0010nnnnmmmm0101 — —

MOV.L Rm,@-Rn Rn-4 — Rn, Rm — (Rn) 0010nnnnmmmm0110 — —

MOV.B @Rm+,Rn (Rm)— sign extension — Rn, 0110nnnnmmmm0100 — —
Rm+1— Rm

MOV.W  @Rm+,Rn (Rm) — sign extension - Rn,  0110nnnnmmmm0101 — —
Rm +2 - Rm

MOV.L @Rm+,Rn (Rm) - Rn, Rm + 4 - Rm 0110nnnnmmmm0110 — —

MOV.B RO, @ (disp,Rn) RO — (disp + Rn) 10000000nnnndddd — —

MOV.W RO, @(disp,Rn) RO — (disp x 2 + Rn) 10000001nnnndddd — —

MOV.L Rm, @ (disp,Rn) Rm — (disp x 4 + Rn) 0001nnnnmmmmdddd — —

MOV.B @ (disp,Rm),R0 (disp + Rm) — sign extension  10000100mmmmdddd — —
— RO

MOV.W  @(disp,Rm),RO (disp x 2 + Rm) — sign 10000101lmmmmdddd — —
extension — RO

MOV.L @ (disp,Rm),Rn (disp x 4 + Rm) —» Rn 010lnnnnmmmmdddd — —

MOV.B Rm, @ (RO0,Rn) Rm — (RO + Rn) 0000nnnnmmmm0100 — —

MOV.W  Rm,@(RO,Rn) Rm — (RO + Rn) 0000nnnnmmmm0101 — —

MOV.L Rm, @ (R0,Rn) Rm — (RO + Rn) 0000nnnnmmmm0110 — —

MOV.B @(R0,Rm),Rn (RO + Rm) — sign extension 0000nnnnmmmm1100 — —
— Rn

MOV.W @(R0,Rm),Rn (RO + Rm) — sign extension 0000nnnnmmmm1101l — —
— Rn

MOV.L @(R0,Rm),Rn (RO + Rm) —» Rn 0000nnnnmmmm1110 — —
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Instruction Operation Instruction Code Privileged T Bit
MOV.B RO, @ (disp,GBR) RO — (disp + GBR) 11000000dddddddd — —
MOV.W  RO,@(disp,GBR) RO — (disp x 2 + GBR) 11000001dddddddd — —
MOV.L RO, @ (disp,GBR) RO — (disp x 4 + GBR) 11000010dddddddd — —
MOV.B @(disp,GBR),R0 (disp + GBR) — 11000100dddddddd — —
sign extension — RO
MOV.W  @(disp,GBR),R0 (disp x 2 + GBR) —» 11000101dddddddd — —
sign extension —» RO
MOV.L @(disp,GBR),R0 (disp x 4 + GBR) — RO 11000110dddddddd — —
MOVA @ (disp,PC),R0 disp x 4 + PC & H'FFFF FFFC 11000111dddddddd — —
+4 - R0
MOVT Rn T— Rn 0000nnnn00101001 — —
SWAP.B  Rm,Rn Rm — swap lower 2 bytes 011l0nnnnmmmml000 — —
— Rn
SWAP.W Rm,Rn Rm — swap upper/lower 0110nnnnmmmml001 — —
words — Rn
XTRCT Rm,Rn Rm:Rn middle 32 bits — Rn 0010nnnnmmmml101l — —
Table 4.4  Arithmetic Operation Instructions
Instruction Operation Instruction Code Privileged T Bit
ADD Rm,Rn Rn + Bm — Rn 00llnnnnmmmmll100 — —
ADD #imm,Rn Rn + imm — Rn 0lllnnnniiiiiiii — —
ADDC Rm,Rn Rn+Rm+T—>Rn,carry > T 00llnnnnmmmml1110 — Carry
ADDV Rm,Rn Rn + Rm — Rn, overflow -» T  00llnnnnmmmml111ll — Overflow
CMP/EQ  #imm,RO When RO =imm, 1 > T 10001000iiiiiiii — Comparison
Otherwise, 0 > T result
CMP/EQ Rm,Rn When Rn=Rm, 1> T 0011lnnnnmmmm0000 — Comparison
Otherwise, 0 > T result
CMP/HS Rm,Rn When Rn > Rm (unsigned), 001llnnnnmmmm0010 — Comparison
1->T result
Otherwise, 0 > T
CMP/GE  Rm,Rn When Rn > Rm (signed), 1 > T 00llnnnnmmmm0011l — Comparison
Otherwise, 0 > T result
CMP/HI Rm,Rn When Rn > Rm (unsigned), 001llnnnnmmmm0110 — Comparison
15T result
Otherwise, 0 > T
CMP/GT  Rm,Rn When Rn > Rm (signed), 1 > T 00llnnnnmmmm011l — Comparison
Otherwise, 0 > T result
CMP/PZ Rn WhenRn>0,1->T 0100nnnn00010001 — Comparison
Otherwise, 0 > T result
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Instruction Operation Instruction Code Privileged T Bit
CMP/PL  Rn WhenRn>0,1->T 0100nnnn00010101 — Comparison
Otherwise, 0 > T result
CMP/STR Rm,Rn When any bytes are equal, 0010nnnnmmmml100 — Comparison
15T result
Otherwise, 0 > T
DIV1 Rm,Rn 1-step division (Rn + Rm) 001llnnnnmmmm0100 — Calculation
result
DIVOS Rm,Rn MSB of Rn — Q, 0010nnnnmmmm0111 — Calculation
MSB of Rm - M, MA\Q »> T result
DIVoU 0> M/QT 0000000000011001 — 0
DMULS.L Rm,Rn Signed, Rn x Rm — MAC, 001lnnnnmmmml101l — —
32 x 32 — 64 bits
DMULU.L Rm,Rn Unsigned, Rn x Rm — MAC, 001llnnnnmmmm0101l — —
32 x 32 — 64 bits
DT Rn Rn -1 — Rn; when Rn =0, 0100nnnn00010000 — Comparison
1->T result
WhenRn=0,0—>T
EXTS.B Rm,Rn Rm sign-extended from 0110nnnnmmmml110 — —
byte - Rn
EXTS.W RBm,Rn Rm sign-extended from 0110nnnnmmmmllll — —
word — Rn
EXTU.B Rm,Rn Rm zero-extended from 0110nnnnmmmml1100 — —
byte - Rn
EXTUW Rm,Rn Rm zero-extended from 0110nnnnmmmmll101l — —
word — Rn
MAC.L @Rm+,@Rn+ Signed, (Rn) x (Rm) + MAC - 0000nnnnmmmm111l — —
MAC
Rn+4 - Rn,Rm+4 — Rm
32 x 32 + 64 — 64 bits
MAC.W @Rm+,@Rn+ Signed, (Rn) x (Rm) + MAC - 0100nnnnmmmm111l — —
MAC
Rn+2 - Rn,Rm+2 — Rm
16 x 16 + 64 — 64 bits
MUL.L Rm,Rn Rn x Rm - MACL 0000nnnnmmmm0111 — —
32 x 32 — 32 bits
MULS.W Rm,Rn Signed, Rn x Rm — MACL 0010nnnnmmmml1ll — —
16 x 16 — 32 bits
MULUW Rm,Rn Unsigned, Rn x Rm —» MACL 0010nnnnmmmm1110 — —
16 x 16 — 32 bits
NEG Rm,Rn 0—-Rm — Rn 0110nnnnmmmml0ll — —
NEGC Rm,Rn 0—-Rm-T—>Rn, borrow - T 0110nnnnmmmm1010 — Borrow
SUB Rm,Rn Rn—-Rm — Rn 001lnnnnmmmml000 — —
Rev. 2.00 Feb. 12,2010 Page 76 of 1330
REJ09B0554-0200 RENESAS



Section 4 Instruction Set

Instruction Operation Instruction Code Privileged T Bit

SUBC Rm,Rn Rn—-RBm-T — Rn, borrow - T 001lnnnnmmmml1010 — Borrow

SUBV Rm,Rn Rn—-Rm — Rn, underflow - T 00llnnnnmmmml01l — Underflow

Table 4.5  Logic Operation Instructions

Instruction Operation Instruction Code Privileged T Bit

AND RBRm,Rn Rn & Bm — Rn 0010nnnnmmmml1001l — —

AND  #imm,RO RO & imm — RO 11001001iiiiiiii — —

AND.B #imm,@(R0,GBR) (RO + GBR) & imm — (RO + 11001101iiiiiiii — —
GBR)

NOT Rm,Rn ~BRm — Rn 0l1l0nnnnmmmmO011ll — —

OR Rm,Rn Rn | Rm — Rn 0010nnnnmmmm101l — —

OR #imm,R0 RO | imm — RO 11001011iiiiiiii — —

OR.B  #imm,@(R0,GBR) (RO + GBR) |imm —» (RO + GBR)11001111iiiiiiii —

TAS.B @Rn When (Rn)=0,1->T 0100nnnn00011011 — Test result
Otherwise, 0 > T
In both cases, 1 — MSB of (Rn)

TST Rm,Rn Rn & Rm; when result = 0, 0010nnnnmmmml1000 — Test result
1->T
Otherwise, 0 > T

TST #imm,R0 RO & imm; when result = 0, 11001000iiiiiiii — Test result
1->T
Otherwise, 0 > T

TST.B #mm,@(R0,GBR) (RO + GBR) & imm; whenresult 11001100iiiiiiii — Test result
=0,1->T
Otherwise, 0 > T

XOR Rm,Rn Rn A Rm — Rn 0010nnnnmmmml1010 — —

XOR #imm,R0O RO Aimm — RO 11001010iiiiiiii — —

XOR.B #imm,@(R0,GBR) (RO + GBR) Aimm — (RO + 11001110iiiiiiii — —

GBR)
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Table 4.6  Shift Instructions
Instruction Operation Instruction Code Privileged T Bit
ROTL Rn T < Rn « MSB 0100nnnn00000100 — MSB
ROTR Rn LSB—>Rn—>T 0100nnnn00000101 — LSB
ROTCL Rn T<Rn«T 0100nnnn00100100 — MSB
ROTCR Rn T>Rn>T 0100nnnn00100101 — LSB
SHAD Rm,Rn When Rm > 0, Rn << Rm — Rn 0100nnnnmmmm1100 — —
When Rm < 0, Rn >> Rm —
[MSB - Rn]
SHAL Rn T« Rn«0 0100nnnn00100000 — MSB
SHAR Rn MSB —->Rn—>T 0100nnnn00100001 — LSB
SHLD Rm,Rn When Rm > 0, Rn << Bm - Rn 0100nnnnmmmm1101 — —
When Rm <0, Rn >> Rm —
[0 > Rn]
SHLL Rn T« Rn«0 0100nnnn00000000 — MSB
SHLR Rn 0->Rn>T 0100nnnn00000001 — LSB
SHLL2 Rn Rn<<2—Rn 0100nnnn00001000 — —
SHLR2 Rn Rn>>2 — Rn 0100nnnn00001001 — —
SHLL8 Rn Rn <<8 > Rn 0100nnnn00011000 — —
SHLR8 Rn Rn>>8 — Rn 0100nnnn00011001 — —
SHLL16 Rn Rn << 16 - Rn 0100nnnn00101000 — —
SHLR16 Rn Rn >> 16 — Rn 0100nnnn00101001 — —
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Table 4.7  Branch Instructions

Instruction Operation Instruction Code Privileged T Bit

BF label When T =0, disp x 2 + PC + 10001011dddddddd — —
4 - PC
When T =1, nop

BF/S label Delayed branch; when T = 0, 10001111dddddddd — —
dispx2+PC+4—>PC
When T =1, nop

BT label When T =1, dispx2+PC + 10001001dddddddd — —
4 - PC
When T =0, nop

BT/S label Delayed branch; when T =1, 10001101dddddddd — —
dispx2+PC+4—>PC
When T =0, nop

BRA label Delayed branch, disp x 2 + 1010dddddddddddd — —
PC+4 - PC

BRAF Rn Delayed branch, Rn + PC + 4 - 0000nnnn00100011 — —
PC

BSR label Delayed branch, PC + 4 -» PR, 1011dddddddddddd — —
dispx2+PC+4—>PC

BSRF Rn Delayed branch, PC + 4 - PR, 0000nnnn00000011 — —
Rn+PC+4 - PC

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

JSR @Rn Delayed branch, PC + 4 - PR, 0100nnnn00001011 — —
Rn —» PC

RTS Delayed branch, PR — PC 0000000000001011 — —
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Table 4.8  System Control Instructions
Instruction Operation Instruction Code Privileged T Bit
CLRMAC 0 - MACH, MACL 0000000000101000 — —
CLRS 08 0000000001001000 — —
CLRT 0->T 0000000000001000 — 0
LDC Rm,SR Rm — SR 0100mmmm00001110 Privileged LSB
LDC Rm,GBR Rm — GBR 0100mmmm00011110 — —
LDC Rm,VBR Rm — VBR 0100mmmm00101110 Privileged —
LDC Rm,SSR Rm — SSR 0100mmmm00111110 Privileged —
LDC Rm,SPC Rm — SPC 0100mmmm01001110 Privileged —
LDC Rm,DBR Rm — DBR 0100mmmm11111010 Privileged —
LDC Rm,Rn_BANK Rm — Rn_BANK (n=01t07) 0100mmmmlnnnl110 Privileged —
LDC.L @Rm+,SR (Rm) » SR, Rm + 4 - Rm 0100mmmm00000111 Privileged LSB
LDC.L @Rm+,GBR (Rm) -» GBR, Rm + 4 - Rm 0100mmmm00010111 — —
LDC.L @Rm+,VBR (Rm) - VBR, Rm + 4 - Rm 0100mmmm00100111 Privileged —
LDC.L @Rm+,SSR (Rm) > SSR, Rm + 4 - Rm 0100mmmm00110111 Privileged —
LDC.L @Rm+,SPC (Rm) - SPC, Rm + 4 - Rm 0100mmmm01000111 Privileged —
LDC.L @Rm+,DBR (Rm) -» DBR, Rm + 4 - Rm 0100mmmm11110110 Privleged —
LDC.L @Rm+,Rn_BANK (Rm) — Rn_BANK, 0100mmmmlnnn0111 Privileged —
Rm +4 - Rm
LDS Rm,MACH Rm — MACH 0100mmmm00001010 — —
LDS Rm,MACL Rm — MACL 0100mmmm00011010 — —
LDS Rm,PR Rm — PR 0100mmmm00101010 — —
LDS.L @Rm+,MACH (Rm) > MACH, Bm+4 - Rm 0100mmmm00000110 — —
LDS.L @Rm+,MACL (Rm) > MACL,Rm +4 - Rm 0100mmmm00010110 — —
LDSL  @Rm+PR (Rm) - PR, Rm + 4 — Rm 0100mmmm00100110 — —
LDTLB PTEH/PTEL —» TLB 0000000000111000 Privileged —
MOVCA.L RO,@Rn RO — (Rn) (without fetching 0000nnnnl11000011 — —
cache block)
NOP No operation 0000000000001001 — —
OcCBI @Rn Invalidates operand cache block 0000nnnn10010011 — —
OCBP @Rn Writes back and invalidates 0000nnnnl0100011 — —
operand cache block
OCBWB @Rn Writes back operand cache block0000nnnn10110011 — —
PREF @Rn (Rn) — operand cache 0000nnnnl0000011 — —
RTE Delayed branch, SSR/SPC —» 0000000000101011 Privileged —
SR/PC
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Instruction Operation Instruction Code Privileged T Bit
SETS 158 0000000001011000 — —
SETT 15T 0000000000011000 — 1
SLEEP Sleep or standby 0000000000011011 Privileged —
STC SR,Rn SR - Rn 0000nnnn00000010 Privileged —
STC GBR,Rn GBR — Rn 0000nnnn00010010 — —
STC VBR,Rn VBR — Rn 0000nnnn00100010 Privileged —
STC SSR,Rn SSR - Rn 0000nnnn00110010 Privileged —
STC SPC,Rn SPC —» Rn 0000nnnn01000010 Privileged —
STC SGR,Rn SGR — Rn 0000nnnn00111010 Privileged —
STC DBR,Rn DBR — Rn 0000nnnnl11111010 Privileged —
STC Rm_BANK,Rn Rm_BANK > Rn(m=0t07) 0000nnnnlmmm0010 Privileged —
STC.L SR,@-Rn Rn -4 — Rn, SR — (Rn) 0100nnnn00000011 Privileged —
STC.L GBR,@-Rn Rn -4 — Rn, GBR — (Rn) 0100nnnn00010011 — —
STC.L VBR,@-Rn Rn -4 — Rn, VBR — (Rn) 0100nnnn00100011 Privileged —
STC.L SSR,@-Rn Rn -4 — Rn, SSR — (Rn) 0100nnnn00110011 Privileged —
STC.L SPC,@-Rn Rn -4 — Rn, SPC — (Rn) 0100nnnn01000011 Privileged —
STC.L SGR,@-Rn Rn -4 — Rn, SGR — (Rn) 0100nnnn00110010 Privileged —
STC.L DBR,@-Rn Rn -4 — Rn, DBR — (Rn) 0100nnnnl11110010 Privileged —
STC.L Rm_BANK,@-Rn  Rn-4 — Rn, 0100nnnnlmmm0011 Privileged —
Rm_BANK — (Rn) (m=0to7)

STS MACH,Rn MACH — Rn 0000nnnn00001010 — —
STS MACL,Rn MACL — Rn 0000nnnn00011010 — —
STS PR,Rn PR — Rn 0000nnnn00101010 — —
STS.L MACH, @-Rn Rn -4 — Rn, MACH — (Rn) 0100nnnn00000010 — —
STS.L MACL,@-Rn Rn -4 — Rn, MACL — (Rn) 0100nnnn00010010 — —
STS.L PR,@-Rn Rn -4 — Rn, PR — (Rn) 0100nnnn00100010 — —
TRAPA  #imm PC + 2 —» SPC, SR — SSR, 11000011iiiiiiii — —

#imm << 2 —» TRA,
H'160 — EXPEVT,
VBR + H'0100 — PC
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Table 4.9  Floating-Point Single-Precision Instructions
Instruction Operation Instruction Code Privileged T Bit
FLDIO FRn H'0000 0000 — FRn 1111nnnnl0001101 — —
FLDI1 FRn H'3F80 0000 — FRn 1111nnnnl10011101 — —
FMOV FRm,FRn FRm — FRn 111lnnnnmmmmll100 — —
FMOV.S @Rm,FRn (Rm) - FRn 111lnnnnmmmml000 — —
FMOV.S @(R0,Rm),FRn (RO + Rm) — FRn 11lllnnnnmmmm0110 — —
FMOV.S @Rm+,FRn (Rm) > FRn, Rm + 4 - Rm 111lnnnnmmmml1001 — —
FMOV.S FRm,@Rn FRm — (Rn) 11llnnnnmmmml010 — —
FMOV.S FRm,@-Rn Rn-4 — Rn, FRm — (Rn) 1lllnnnnmmmml0ll — —
FMOV.S FRm,@(R0,Rn) FRm — (RO + Rn) 1lllnnnnmmmm0lll — —
FMOV DRm,DRn DRm — DRn 1111nnnOmmm01100 — —
FMOV @Rm,DRn (Rm) — DRn 1111nnnOmmmml000 — —
FMOV @(R0,Rm),DRn (RO + Rm) — DRn 1111nnnOmmmm0110 — —
FMOV @Rm+,DRn (Rm) - DRn, Rm + 8 > Rm 1111nnnOmmmm1001 — —
FMOV DRm,@Rn DRm — (Rn) 1111nnnnmmm01010 — —
FMOV DRm,@-Rn Rn-8 — Rn, DRm — (Rn) 11llnnnnmmm01011 — —
FMOV DRm,@(RO,Rn) DRm — (RO + Rn) 111lnnnnmmm00111l — —
FLDS FRm,FPUL FRm — FPUL 1111mmmm00011101 — —
FSTS FPUL,FRn FPUL — FRn 1111nnnn00001101 — —
FABS FRn FRn & H7FFF FFFF - FRn 1111nnnn01011101 — —
FADD FRm,FRn FRn + FRm — FRn 1111nnnnmmmm0000 — —
FCMP/EQ FRm,FRn When FRn=FRm, 1 > T 1111lnnnnmmmm0100 — Comparison
Otherwise, 0 > T result
FCMP/GT FRm,FRn When FRn > FRm, 1 > T 11llnnnnmmmm0101l — Comparison
Otherwise, 0 > T result
FDIV FRm,FRn FRn/FRm — FRn 111lnnnnmmmm00ll — —
FLOAT FPUL,FRn (float) FPUL — FRn 1111nnnn00101101 — —
FMAC FRO,FRm,FRn FRO*FRm + FRn — FRn 11llnnnnmmmmlll10 — —
FMUL FRm,FRn FRn*FRm — FRn 1111lnnnnmmmm0010 — —
FNEG FRn FRn A H'8000 0000 - FRn  1111nnnn01001101 — —
FSQRT FRn \FRn — FRn 1111nnnn01101101 — —
FSUB FRm,FRn FRn — FBRm — FRn 1111nnnnmmmmO0001l — —
FTRC FRm,FPUL (long) FRm — FPUL 1111mmmm00111101 — —
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Table 4.10 Floating-Point Double-Precision Instructions

Instruction Operation Instruction Code Privileged T Bit
FABS DRn DRn & H'7FFF FFFF FFFF FFFF1111nnn001011101 — —

— DRn
FADD DRm,DRn DRn + DRm — DRn 1111nnnOmmm00000 — —
FCMP/EQ DRm,DRn When DRn=DRm, 1 > T 1111nnnOmmm00100 — Comparison

Otherwise, 0 > T result
FCMP/GT DRm,DRn When DRn>DRm, 1 > T 1111nnnO0mmm00101 — Comparison

Otherwise, 0 > T result
FDIV DRm,DRn DRn /DRm — DRn 1111nnnOmmm00011 — —
FCNVDS DRm,FPUL  double_to_ floatfDRm] - FPUL 1111mmm010111101 — —
FCNVSD FPUL,DRn float_to_ double [FPUL] - DRn 1111nnn010101101 — —
FLOAT FPUL,DRn (float)FPUL — DRn 1111nnn000101101 — —
FMUL DRm,DRn DRn *DRm — DRn 1111nnnOmmm00010 — —
FNEG DRn DRn A H'8000 0000 0000 0000 1111nnn001001101 — —

— DRn
FSQRT DRn \DRn - DRn 1111nnn001101101 — —
FSUB DRm,DRn DRn — DRm — DRn 1111nnnOmmm00001 — —
FTRC DRm,FPUL  (long) DRm — FPUL 1111mmm000111101 — —
Table 4.11 Floating-Point Control Instructions
Instruction Operation Instruction Code Privileged T Bit
LDS Rm,FPSCR Rm — FPSCR 0100mmmm01101010 — —
LDS Rm,FPUL Rm — FPUL 0100mmmm01011010 — —
LDS.L @Rm+,FPSCR (Rm)—» FPSCR, Rm+4 > Rm 0100mmmm01100110 — —
LDS.L @Rm+,FPUL (Rm) - FPUL, Rm+4 — Rm 0100mmmm01010110 — —
STS FPSCR,Rn FPSCR — Rn 0000nnnn01101010 — —
STS FPUL,Rn FPUL — Rn 0000nnnn01011010 — —
STS.L FPSCR,@-Rn Rn-4 - Rn, FPSCR —» (Rn) 0100nnnn01100010 — —
STS.L FPUL,@-Rn Rn -4 — Rn, FPUL — (Rn) 0100nnnn01010010 — —
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Table 4.12 Floating-Point Graphics Acceleration Instructions

Instruction Operation Instruction Code Privileged T Bit
FMOV DRm,XDn DRm — XDn 1111nnnlmmm01100 — —
FMQOV XDm,DRn XDm — DRn 1111nnnOmmm11100 — —
FMQOV  XDm,XDn XDm — XDn 1111nnnlmmml1100 — —
FMOV  @Rm,XDn (Rm) — XDn 1111nnnlmmmml000 — —
FMOV  @Rm+,XDn (Rm) —» XDn, Rm + 8 - Rm 11llnnnlmmmml001l — —
FMOV @(R0O,Rm),XDn (RO + Rm) — XDn 11llnnnlmmmm0110 — —
FMOV XDm,@Rn XDm — (Rn) 111lnnnnmmml11010 — —
FMOV XDm,@-Rn Rn -8 — Rn, XDm — (Rn) 11lllnnnnmmml101l — —
FMOV XDm,@(R0O,Rn) XDm — (RO + Rn) 111lnnnnmmml0111l — —
FIPR FVm,FVn inner_product [FVm, FVn] —» 1111nnmm11101101 — —
FR[n+3]
FTRV  XMTRX,FVn transform_vector [XMTRX, FVn] 1111nn0111111101 — —
— FVn
FRCHG ~FPSCR.FR - FPSCR.FR 1111101111111101 — —
FSCHG ~FPSCR.SZ —» FPSCR.SZ 1111001111111101 — —

4.4 Usage Note

4.4.1 Notes on TRAPA Instruction, SLEEP Instruction, and Undefined Instruction
(H'FFFD)

e Incorrect data may be written to the cache when a TRAPA instruction or undefined instruction
code H'FFFD is executed.

e The ITLB hit judgment may be incorrect when a TRAPA instruction or undefined instruction
code H'FFFD is executed, causing a multi-hit exception to occur after re-registration.

o Incorrect data may be written to an FPU-related register or to the MACH or MACL register
when a TRAPA instruction, SLEEP instruction, or undefined instruction code H'FFFD is
executed.

Conditions under which Problem Occurs

1. Incorrect data may be written to the instruction cache when the following three conditions
occur at the same time.
a. The instruction cache is enabled (CCR.ICE = 1).

b. A TRAPA instruction or undefined instruction code H'FFFD in a cache-enabled area is
executed.
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C.

The four words of data following the TRAPA instruction or undefined instruction code
H'FFFD mentioned in b. contain code that can be interpreted as an instruction to access
(read or write) an address (H'FO000000 to H'F7FFFFFF) mapped to the internal cache or
internal TLB.

2. Incorrect data may be written to the operand cache when the following three conditions occur
at the same time.

a.

b.

C.

The operand cache is enabled (CCR.OCE = 1).
Undefined instruction code H'FFFD is executed.

The four words of data following the undefined instruction code H'FFFD mentioned in b.
contain code that can be interpreted as an OCBI, OCBP, OCBWB, or TAS.B instruction
accessing an address (H'E0000000 to H'E3FFFFFF) mapped to the internal store queue.

3. The ITLB hit judgment may be incorrect when the following three conditions occur at the
same time. If an ITLB hit is erroneously judged to be a miss, ITLB re-registration is
performed. This can cause an ITLB multi-hit exception to occur.

a.
b.

The MMU enabled MMUCR.AT =1).

A TRAPA instruction or undefined instruction code H'FFFD in a TLB conversion area
(area UO, PO, or P3) is executed.

The four words of data following the TRAPA instruction or undefined instruction code
H'FFFD mentioned in b. contain code that can be interpreted as an instruction to access
(read or write) an address (H'FO000000 to H'F7FFFFFF) mapped to the internal cache or
internal TLB.

4. Incorrect data may be written to an FPU-related register (FRO to FR15, XFO0 to XF15, FPSCR,
or FPUL) or to the MACH or MACL register when the following two conditions occur at the
same time.

a.

Note:

A TRAPA instruction, SLEEP instruction, or undefined instruction code H'FFFD is
executed

The eight words of data following the TRAPA instruction, SLEEP instruction, or undefined
instruction code H'FFFD mentioned in a. contain H'Fxxx (an instruction with H'F as the
first four bits), excluding HFFFD, and the code can be interpreted, in combination with
FPSCR.PR at that point, as an undefined instruction.

Example: Instruction HFxxE (x: any hexadecimal digit) is defined here as undefined when
FPSCR.PRis setto 1.

The number of instructions following the instructions mentioned above that may be
affected by the problem is as follows: in the case of 1. to 3., the number of instructions
that can be executed in 2xIck, and in the case of 4., the number of instructions that can be
executed in 4xIck. The maximum number of instructions that can be executed in 2xIck or
4xIck is four or eight, respectively. Therefore, the affected codes are those occurring in
“the four words (or eight words) of data following the instruction.”
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Workarounds: To prevent the problem, use either of workarounds a. or b. below.

a. Include a NOP instruction in the eight words of data following each TRAPA instruction,
SLEEP instruction, or undefined instruction code H'FFFD.

b. Include an OR RO,RO instruction in the five words of data following each TRAPA instruction,
SLEEP instruction, or undefined instruction code H'FFFD. This workaround also applies to
cases where “the eight words of data following the ... instruction ... contain H'Fxxx,” as
mentioned in condition 4. b., because two OR instructions are never executed simultaneously,
so a minimum of 5xIck is required for execution.
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Section 5 Pipelining

The SH-4 is a 2-ILP (instruction-level-parallelism) superscalar pipelining microprocessor.
Instruction execution is pipelined, and two instructions can be executed in parallel. The execution
cycles depend on the implementation of a processor. The definitions in this section may not be
applied to the SH-4 products other than the SH7760.

5.1 Pipelines

Figure 5.1 shows the basic pipelines. Normally, a pipeline consists of five or six stages: instruction
fetch (I), decode and register read (D), execution (EX/SX/FO/F1/F2/F3), data access (NA/MA),
and write-back (S/FS). An instruction is executed as a combination of basic pipelines. Figure 5.2
shows the instruction execution patterns.
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1. General Pipeline

| D EX NA S
* Instruction fetch e Instruction * Operation * Non-memory * Write-back
decode data access
e [ssue
* Register read
* Destination address calculation
for PC-relative branch
2. General Load/Store Pipeline
| | | D | EX MA s
¢ Instruction fetch e Instruction * Address * Memory » Write-back
decode calculation data access
* Issue
* Register read
3. Special Pipeline
| | | D sx NA s
« Instruction fetch e Instruction * Operation * Non-memory » Write-back
decode data access
* Issue
* Register read
4. Special Load/Store Pipeline
| D SX MA S
* Instruction fetch e Instruction * Address * Memory * Write-back
decode calculation data access
e Issue
* Register read
5. Floating-Point Pipeline
| | | D F1 F2 FS
* Instruction fetch e Instruction * Computation 1« Computation2  « Computation 3
decode * Write-back
* Issue
* Register read
6. Floating-Point Extended Pipeline
| | | D | FO F1 F2 Fs
¢ Instruction fetch e Instruction e Computation 0« Computation 1« Computation2 * Computation 3
decode * Write-back

e Issue
* Register read

7. FDIV/FSQRT Pipeline

Computation: Takes several cycles

Figure 5.1 Basic Pipelines
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. 1-step operation: 1 issue cycle

EXT[SU].[BW], MOV, MOV#, MOVA, MOVT, SWAP.[BW], XTRCT, ADD*, CMP*,
DIV#, DT, NEG*, SUB*, AND, AND#, NOT, OR, OR#, TST, TST#, XOR, XOR#,
ROT*, SHA*, SHL*, BF*, BT*, BRA, NOP, CLRS, CLRT, SETS, SETT,

LDS to FPUL, STS from FPUL/FPSCR, FLDIO, FLDI1, FMOV, FLDS, FSTS,
single-/double-precision FABS/FNEG

[T T o [T ex | nNa | s |

. Load/store: 1 issue cycle
MOV.[BWL]. FMOV*@, LDS.L to FPUL, LDTLB, PREF, STS.L from FPUL/FPSCR

[ 7 T o T ex [ ma [ s |

. GBR-based load/store: 1 issue cycle
MOV.[BWL]@ (d,GBR)

[T T o [ sx | ma | s |

. JMP, RTS, BRAF: 2 issue cycles

[+ [ b EX NA s
D EX NA s |

. TST.B: 3 issue cycles

[+ [ b SX MA s
D SX NA s
D SX NA s |

. AND.B, OR.B, XOR.B: 4 issue cycles

[ 1 ] D SX MA S
D SX NA S
D SX NA S
D | sx MA s |
. TAS.B: 5 issue cycles
[ 1 | o EX MA s
D EX MA S
D EX NA S
D EX NA S
D | EX MA s |
. RTE: 5 issue cycles
[+ [ b EX NA s
D EX NA S
D EX NA S
D EX NA S
D || EX NA s |
. SLEEP: 4 issue cycles
[ 1+ ] b EX NA s
D EX NA S
D EX NA S
D || EX NA s ]

Figure 5.2 Instruction Execution Patterns
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10.

11.

12.

13.

14.

15.

16.

17.

18.

OCBI: 1 issue cycle
L+ [ o [ ex [ wa s ]

OCBP, OCBWB: 1 issue cycle

L+ [ o [ ex [ mA s |
MA
MA
MA
MA
MOVCA.L: 1 issue cycle
[T T o [ ex [ maA s |
MA
’ MA
MA
MA
MA
MA
TRAPA: 7 issue cycles
[ 7 T b EX NA S
D EX NA S
D EX NA S
D EX NA S
D EX NA S
D EX NA S
D EX NA

LDC to DBR/Rp_BANK/SSR/SPC/VBR, BSR: 1 issue cycle

[+ T b [ Ex NA [ s ]
SX
|| SX
LDC to GBR: 3 issue cycles
1 T o EX NA | s ]
D SX
D | SX

LDC to SR: 4 issue cycles

1 T o EX NA | s ]
D SX
D SX
D SX
LDC.L to DBR/Rp_BANK/SSR/SPC/VBR: 1 issue cycle
L+ [ o [ ex MA [ s |
SX
'—|| SX
LDC.L to GBR: 3 issue cycles
1 T b EX MA | s |
D SX
D | SX

Figure 5.2 Instruction Execution Patterns (cont)
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19

20

21

22

23

24

25

26

27

28

29

30

. LDC.L to SR: 4 issue cycles
[T T o EX MA [ s |
D SX
D SX
[ D [l sx
. STC from DBR/GBR/Rp_BANK/SR/SSR/SPC/VBR: 2 issue cycles
[+ [ b SX NA s
D SX NA s |
. STC. from SGR: 3 issue cycles
[+ [ b SX NA S
D SX NA S
D SX NA s |
. STC.L from DBR/GBR/Rp_BANK/SR/SSR/SPC/VBR: 2 issue cycles
[ [ b SX NA S
D SX MA s |
. STC.L from SGR: 3 issue cycles
[ 1 ] b SX NA S
D SX NA S
D SX MA s |
. LDS to PR, JSR, BSRF: 2 issue cycles
[T T o EX NA [ s ]
D SX
=X _
. LDS.L to PR: 2 issue cycles
17 T b EX MA [ s |
Do SX
|| SX
. STS from PR: 2 issue cycles
[ 1 ] b SX NA s
D SX NA s |
. STS.L from PR: 2 issue cycles
[ 1 ] b SX NA S
D SX MA s |
. CLRMAC, LDS to MACH/L: 1 issue cycle
[T [ o [ Ex -
| Fi
[ Fn [ F2 T FS ]
. LDS.L to MACHY/L: 1 issue cycle
[T [ b [ ex A | s ]
I F1
[A [ F2 T F§ ]
. STS from MACH/L: 1 issue cycle
[ 1 [T o T ex [ nNna [ s |

Figure 5.2 Instruction Execution Patterns (cont)
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31. STS.L from MACHI/L: 1 issue cycle
C T T o T ex [ wmaTl s |
32. LDS to FPSCR: 1 issue cycle
[0 T o [ ex | na | s ]
F1
F1
F1
33. LDS.L to FPSCR: 1 issue cycle
[ 1 [ o [ ex MA | s ]
| F1
F1
F1
34. Fixed-point multiplication: 2 issue cycles
DMULS.L, DMULU.L, MUL.L, MULS.W, MULU.W
C v T o T ex T na [ s ] (CPU)
Co— ex [ na [ s ]
(FPU)
1
| 1 | F2 | FS |
35. MAC.W, MAC.L: 2 issue cycles
[ T o T ex I mAa | s | (CPU)
Co 1 ex | wma [ s ]
(FPU)
f1
[ A ] F ] Fs ]
36. Single-precision floating-point computation: 1 issue cycle
FCMP/EQ, FCMP/GT, FADD, FLOAT, FMAC, FMUL, FSUB, FTRC, FRCHG, FSCHG
C T T o T Ff [ F | Fs]
37. Single-precision FDIV/SQRT: 1 issue cycle
C v "o T Fm [T r [ Fs | . .
F3 |
[ Ff [ F2 ] Fs ]
38. Double-precision floating-point computation 1: 1 issue cycle
FCNVDS, FCNVSD, FLOAT, FTRC
[ T o T Ff [ | Fs ]
d | F1 | F2 | Fs |
39. Double-precision floating-point computation 2: 1 issue cycle
FADD, FMUL, FSUB
L T o 1T F F2 FS
d F1 F2 FS
d F1 F2 FS
d F1 F2 FS
d F1 F2 FS_ |
F1 F2 | Fs

Figure 5.2 Instruction Execution Patterns (cont)
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40. Double-precision FCMP: 2 issue cycles

FCMP/EQ, FCMP/GT

) F1 F2 FS
D F1 F2 FS
41. Double-precision FDIV/FSQRT: 1 issue cycle
FDIV, FSQRT
) F1 F2 FS
d F1 |2
F3 .
F1 F2 FS
F1 F2 FS
_ F1 F2 FS |
42. FIPR: 1 issue cycle
L+ " o [ Fo F1 F2 FS
43. FTRV: 1 issue cycle
L+ T o Fo Fi F2 Fs
d FO F1 F2 FS
d FO F1 F2 FS
d FO F1 F2 Fs_|
Notes: : Cannot overlap a stage of the same kind, except when two instructions are
executed in parallel.
: Locks D-stage.
[ d__|: Register read only
- . Locks, but no operation is executed.
: Can overlap another f1, but not another F1.

Figure 5.2 Instruction Execution Patterns (cont)
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5.2 Parallel-Executability

Instructions are categorized into six groups according to the internal function blocks used, as
shown in table 5.1. Table 5.2 shows the parallel-executability of pairs of instructions in terms of
groups. For example, ADD in the EX group and BRA in the BR group can be executed in parallel.

Table 5.1 Instruction Groups

1. MT Group

CLRT CMP/HI Rm,Rn MOV Rm,Rn
CMP/EQ #imm,R0 CMP/HS Rm,Rn NOP

CMP/EQ Rm,Rn CMP/PL Rn SETT

CMP/GE Rm,Rn CMP/PZ Rn TST #imm,RO
CMP/GT Rm,Rn CMP/STR Rm,Rn TST Rm,Rn
2. EX Group

ADD #imm,Rn MOVT Rn SHLL2 Rn
ADD Rm,Rn NEG Rm,Rn SHLLS Rn
ADDC Rm,Rn NEGC Rm,Rn SHLR Rn
ADDV Rm,Rn NOT Rm,Rn SHLR16 Rn
AND #imm,R0 OR #imm,RO SHLR2 Rn
AND Rm,Rn OR Rm,Rn SHLR8 Rn
DIVOS Rm,Rn ROTCL Rn SuUB Rm,Rn
DIVoU ROTCR Rn SUBC Rm,Rn
DIV1 Rm,Rn ROTL Rn SuUBvV Rm,Rn
DT Rn ROTR Rn SWAP.B Rm,Rn
EXTS.B Rm,Rn SHAD Rm,Rn SWAP.W Rm,Rn
EXTS.W Rm,Rn SHAL Rn XOR #imm,RO
EXTU.B Rm,Rn SHAR Rn XOR Rm,Rn
EXTU.W Rm,Rn SHLD Rm,Rn XTRCT Rm,Rn
MOV #imm,Rn SHLL Rn

MOVA @(disp,PC),R0 [SHLL16 Rn

3. BR Group

BF disp BRA disp BT disp
BF/S disp BSR disp BT/S disp
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4. LS Group
FABS DRn FMOV.S @Rm+,FRn MOV.L RO, @ (disp,GBR)
FABS FRn FMOV.S FRm,@(RO,Rn) |MOV.L Rm, @ (disp,Rn)
FLDIO FRn FMOV.S FRm,@-Rn MOV.L Rm, @ (RO,Rn)
FLDI FRn FMOV.S FRm,@Rn MOV.L Rm,@-Rn
FLDS FRm,FPUL FNEG DRn MOV.L Rm,@Rn
FMOV @(RO,Rm),DRn |FNEG FRn MOV.W @(disp,GBR),R0
FMOV @(RO,Rm),XDn |FSTS FPUL,FRn MOV.W @(disp,PC),Rn
FMOV @Rm,DRn LDS Rm,FPUL MOV.W @(disp,Rm),RO
FMOV @Rm,XDn MOV.B @(disp,GBR),R0 |[MOV.W @(R0,Rm),Rn
FMOV @Rm-+,DRn MOV.B @(disp,Rm),R0  [MOV.W @Rm,Rn
FMOV @Rm+,XDn MOV.B @(RO,Rm),Rn  |MOV.W @Rm-+,Rn
FMOV DRm,@(RO,Rn) |MOV.B @Rm,Rn MOV.W RO, @ (disp,GBR)
FMOV DRm,@-Rn MOV.B @Rm+,Rn MOV.W RO, @ (disp,Rn)
FMOV DRm,@Rn MOV.B RO, @ (disp,GBR) |[MOV.W Rm, @ (RO,Rn)
FMOV DRm,DRn MOV.B RO,@(disp,Rn) |MOV.W Rm,@-Rn
FMOV DRm,XDn MOV.B Rm,@(RO,Rn)  |MOV.W Rm,@Rn
FMOV FRm,FRn MOV.B Rm,@-Rn MOVCAL  RO,@Rn
FMOV XDm,@(RO,Rn) |MOV.B Rm,@Rn OCBI @Rn
FMOV XDm, @-Rn MOV.L @(disp,GBR),R0 |OCBP @Rn
FMOV XDm, @Rn MOV.L @(disp,PC),Rn  |OCBWB @Rn
FMOV XDm,DRn MOV.L @(disp,Rm),Rn  |PREF @Rn
FMOV XDm,XDn MOV.L @(RO,Rm),Rn  |STS FPUL,Rn
FMOV.S @(RO,Rm),FRn  [MOV.L @Rm,Rn
FMOV.S @Rm,FRn MOV.L @Rm-+,Rn
5. FE Group
FADD DRm,DRn FIPR FVm,FVn FSQRT DRn
FADD FRm,FRn FLOAT FPUL,DRn FSQRT FRn
FCMP/EQ FRm,FRn FLOAT FPUL,FRn FSUB DRm,DRn
FCMP/GT FRm,FRn FMAC FRO,FRm,FRn |FSUB FRm,FRn
FCNVDS DRm,FPUL  |FMUL DRm,DRn FTRC DRm,FPUL
FCNVSD FPUL,DRn FMUL FRm,FRn FTRC FRm,FPUL
FDIV DRm,DRn FRCHG FTRV XMTRX,FVn
FDIV FRm,FRn FSCHG
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6. CO Group

AND.B #imm, @ (R0,GBR) |LDS Rm,FPSCR STC SR,Rn

BRAF Rm LDS Rm,MACH STC SSR,Rn

BSRF Rm LDS Rm,MACL sTC VBR,Rn
CLRMAC LDS Rm,PR STC.L DBR,@-Rn
CLRS LDS.L @Rm+FPSCR |STC.L GBR,@-Rn
DMULSL Rm,Rn LDS.L @Rm-+,FPUL STC.L Rp_BANK,@-Rn
DMULUL Rm,Rn LDS.L @Rm+MACH  [STC.L SGR,@-Rn
FCMP/EQ DRm,DRn LDS.L @Rm+MACL  |STC.L SPC,@-Rn
FCMP/GT  DRm,DRn LDS.L @Rm+,PR STC.L SR,@-Rn

JMP @Rn LDTLB STC.L SSR,@-Rn

JSR @Rn MAC.L @Rm+,@Rn+ |STC.L VBR,@-Rn
LDC Rm,DBR MAC.W @Rm+,@Rn+  |STS FPSCR,Rn

LDC Rm,GBR MUL.L Rm,Rn STS MACH,Rn

LDC Rm,Rp_BANK  |MULSW  Rm,Rn STS MACL,Rn

LDC Rm,SPC MULUW  Rm,Rn STS PR,Rn

LDC Rm,SR OR.B #imm, @(R0,GBR) [STS.L FPSCR,@-Rn
LDC Rm,SSR RTE STS.L FPUL,@-Rn
LDC Rm,VBR RTS STS.L MACH, @-Rn
LDC.L @Rm-+,DBR SETS STS.L MACL,@-Rn
LDC.L @Rm+,GBR SLEEP STS.L PR,@-Rn

LDC.L @Rm+,Rp_BANK |STC DBR,Rn TAS.B @Rn

LDC.L @Rm+,SPC STC GBR,Rn TRAPA #imm

LDC.L @Rm+,SR sTC Rp_BANK,Rn TST.B #imm, @ (R0,GBR)
LDC.L @Rm+,SSR STC SGR,Rn XOR.B #imm, @ (R0,GBR)
LDC.L @Rm+,VBR STC SPC,Rn
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Table 5.2  Parallel-Executability

2nd Instruction
MT EX BR LS FE CO
1st MT o 6] o) O ) X
Instruction EX 0 X 0 0 0 X
BR o} o] X o} o] X
LS o] O 0] X 0] X
FE o] o] 0] 0] X X
CO X X X X X X

Legend:
O: Can be executed in parallel
X: Cannot be executed in parallel

5.3 Execution Cycles and Pipeline Stalling

This LSI has three basic clocks: CPU clock (Ick), bus clock (Bck), and peripheral clock (Pck).
Each hardware unit operates on one of these clocks, as follows:

e CPU clock: CPU, FPU, MMU, cache
e Bus clock: External bus controller

e Peripheral clock: Peripheral units

The frequency ratios of the three clocks are determined with the frequency control register
(FRQCR). In this section, machine cycles are based on the CPU clock unless otherwise specified.
For details on FRQCR, see section 12, Clock Pulse Generator (CPG).

Instruction execution cycles are summarized in table 5.3. Penalty cycles due to a pipeline stall are
not considered in this table.

e Issue rate: Interval between the issue of an instruction and that of the next instruction

e Latency: Interval between the issue of an instruction and the generation of its result
(completion)

e Instruction execution pattern (see figure 5.2)

o Locked pipeline stage: Pipeline stage which has been locked

e Lock start: Interval between the issue of an instruction and the start of locking (see table 5.3)
e Lock cycle: Period of locking (see table 5.3)
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The instruction execution sequence is expressed as a combination of the execution patterns shown
in figure 5.2. One instruction is separated from the next by the number of machine cycles for its
issue rate. Normally, execution, data access, and write-back stages cannot be overlapped onto the
same stages of another instruction; the only exception is when two instructions are executed in
parallel under parallel-executability conditions. See (a) to (d) in figure 5.3 for some simple
examples.

Latency is the interval between issue and completion of an instruction, and is also the interval
between the execution of two instructions with an interdependent relationship. When there is
interdependency between two instructions fetched simultaneously, the latter of the two is stalled
for the following number of cycles:

o (Latency) cycles when there is flow dependency (read-after-write)

e (Latency — 1) or (latency — 2) cycles when there is output dependency (write-after-write)
— Single/double-precision FDIV or FSQRT is the preceding instruction: (latency — 1) cycles
— Other instructions in the FE group is the preceding instruction: (latency — 2) cycles

o Five or two cycles when there is anti-flow dependency (write-after-read), as in the following
cases:
— FTRV is the preceding instruction: 5 cycles
— Double-precision FADD, FSUB, or FMUL is the preceding instruction: 2 cycles

In the case of flow dependency, the latency may be exceptionally increased or decreased,
depending on the combination of sequential instructions (figure 5.3 (e)).

e When a floating-point computation is followed by a floating-point register store, latency of the
floating-point computation may be decreased by one cycle.

o If there is a load of the shift amount immediately before an SHAD or SHLD instruction,
latency of the load is increased by one cycle.

e If an instruction with latency of less than two cycles, including write-back to a floating-point
register, is followed by a double-precision floating-point instruction, FIPR, or FTRV, latency
of the first instruction is increased to two cycles.

The number of cycles in a pipeline stall due to flow dependency will vary depending on the
combination of interdependent instructions or the fetch timing (see figure 5.3 (e)).

Output dependency occurs when the destination operands are the same in a preceding FE group
instruction and a following LS group instruction.

For the stall cycles of an instruction with output dependency, the longest latency to the last write-
back among all the destination operands must be applied instead of "latency" (see figure 5.3 (f)). A
stall due to output dependency with respect to FPSCR, which reflects the result of a floating-point

Rev. 2.00 Feb. 12, 2010 Page 98 of 1330
REJ09B0554-0200 RENESAS



Section 5 Pipelining

operation, never occurs. For example, when FADD follows FDIV with no dependency between
floating-point registers, FADD is not stalled even if both instructions update the cause field of
FPSCR.

Anti-flow dependency can occur only between a preceding double-precision FADD, FMUL,
FSUB, or FTRV and a following FMOV, FLDIO, FLDI1, FABS, FNEG, or FSTS (see figure 5.3

(8)).

If an executing instruction locks any resource—i.e. a function block that performs a basic
operation—a following instruction that happens to attempt to use the locked resource must be
stalled (figure 5.3 (h)). This kind of stall can be compensated by inserting one or more instructions
independent of the locked resource to separate the interfering instructions. For example, when a
load instruction and an ADD instruction that references the loaded value are consecutive, the 2-
cycle stall of the ADD is eliminated by inserting three instructions without dependency. Software
performance can be improved by such instruction scheduling.

Other penalties arise in the event of exceptions or external data accesses, as follows.

e Instruction TLB miss
e Instruction access to external memory (instruction cache miss, etc.)
e Data access to external memory (operand cache miss, etc.)

e Data access to a memory-mapped control register

During the penalty cycles of an instruction TLB miss or external instruction access, no instruction
is issued, but execution of instructions that have already been issued continues. The penalty for a
data access is a pipeline freeze: that is, the execution of uncompleted instructions is interrupted
until the arrival of the requested data. The number of penalty cycles for instruction and data
accesses is largely dependent on the user's memory subsystems.
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(a) Serial execution: Non-parallel-executable instructions

SHAD RO,R1
ADD R2,R3
next

<—> 1 issue cycle

D

EX

NA

D

EX

NA

s |

<+— 1 stall cycle

EX-group SHAD and EX-group ADD
cannot be executed in parallel. Therefore,
the preceding SHAD is issued, and the
following ADD is recombined with the next
instruction.

EX-group ADD and LS-group MOV.L can
be executed in parallel. Overlapping of
stages in the two instructions is possible.

AND.B and MOV are fetched
simultaneously, but MOV is stalled due to
resource locking. After the lock is released,
MOV is refetched together with the next
instruction.

No stall occurs if the branch is not taken.

If the branch is taken, the I-stage of the
branch destination is stalled for the period
of latency. This stall can be covered with a
delay slot instruction which is not parallel-
executable with the branch instruction.

Even if the BT/BF branch is taken, the I-
stage of the branch destination is not
stalled if the displacement is zero.

(b) Parallel execution: Parallel-executable and no dependency
<+— 1 issue cycle
ADD R2,R1 | D EX NA S
MOV.L @R4,R5 | D EX MA S
(c) Issue rate: Multi-step instruction
< » 4 issue cycles
AND.B#1,@(R0,GBR) | | | D SX MA )
D SX NA S
D SX NA S
MOV  Ri1,R L X MA
2 L] i | 0| E s ]
next — N
4 stall cycles "
(d) Branch
BT/S L_far | D EX NA S
ADD RO,R1 | D EX NA S
SUB R2,R3 ! D | EX| NA| s |
<+— > 2-cycle latency for I-stage of branch destination
BT/S L_far | D EX NA S
ADD RO,R1 | D EX NA S
<«—» 1 stall cycle
L far
BT L_skip I D [ EX] NA] s |
ADD #1,R0 | D — — —
L_skip: ! D |..
No stall

Figure 5.3 Examples of Pipelined Execution
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(e) Flow dependency

MOV
ADD

ADD
MOV.L
next

MOV.L
ADD
next

MOV.L
SHAD
next

FADD
STS
STS

FADD

FMOV
FMOV

FLOAT

Zero-cycle latency

The following instruction, ADD, is not
stalled when executed after an instruction
with zero-cycle latency, even if there is

ADD and MOV.L are not executed in
parallel, since MOV.L references the result
of ADD as its load address.

Because MOV.L and ADD are not fetched
simultaneously in this example, ADD is
stalled for only 1 cycle even though the
latency of MOV.L is 2 cycles.

Due to the flow dependency between the
load and the SHAD/SHLD shift amount,
the latency of the load is increased to 3

» 7-cycle latency for lower FR

8-cycle latency for upper FR

RO,RT [+ [ o EX[ NA] s |
R2,R1 [T T o Rex] Nna| s ]
dependency.
<+— 1-cycle latency
R2,R1 | | D EX\l NAl S |
@R1,R1 [ i D [NEx | MA| s |
> |
1 stall cycle
2-cycle latency
@R1,R1 [ D | EX| MA] s |
RO,R1 I D *>Xex| Nna] s |
| 1 stall cycle
2-cycle latency
<+—> 1-cycle increase
@R1,R1 [ D | EX| MA] s |
R1,R2 I D Xd [ Ex] NnaT s
|
2 stall cycles cycles.
4-cycle latency for FPSCR
FRI,FR2 [ 1 [ D [ F1 | F2 | Fs
FPUL,R1 [ D | EX| NaY s |
FPSCR,R2 | < >\ D | EX][ NA[ s |
2 stall cycles
pRODR2 I | D[ F [ F2] Fs
L d T AT Fr]Es
d F1 F2 ES
d F1 F2 FS
d F1 F2 FS. | FR3 write
Fi

FR3,FR5
FR2,FR4

F2 N\, FS \|FR2 write

D [ EX\ NAT s |

D [VEX | NaA| s ]

<«— - 3-cycle latency for upper/lower FR

FMOV.S FRO0,@-R15

FLDI
FIPR

FMOV
FTRV

FPULDRO [ I | D | F1 | F2 | Fs | FR1 write
d | F1 [ F2 [|Fs | FROwrite
I D YEX| MA] s
Zero-cycle latency
<+— > 3-cycle increase
FR3 [T T ol Ex[ Na] s ]
FVO,FV4 [ b Lo [FO[TF [rTFs]
<«———» 3stallcycles
<———» 2-cycle latency
<«— 1-cycle increase
@rixpt4 | I [ b [ EX] mA] s
XMTRX,FV0O I D [ d Fo | F1 F2 | FS
3 stall cycles d Fo F1 F2 FS
y d [ Fo | Fi| F2 | Fs |
d Fol F1 [ F2 | Fs |

Figure 5.3 Examples of Pipelined Execution (cont)
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(e) Flow dependency (cont)

-«—» Effectively 1-cycle latency for consecutive LDS/FLOAT instructions

DS  RoFPUL || EX\| NA | S
FLOAT FPUL,FRO D [AF1 | F2 | FS
LDS R1,FPUL D EX NA S
FLOAT FPUL,R1 | D |‘F1 F2 FS |
| | F1 F2 FS |<«— Effectively 1-cycle latency for consecutive
gzo EESE I;léL D EX | NA s | FTRC/STS instructions
FTRC FR1,FPUL D F1 F2 FS
STS  FPULR1 I D [ EX [ NA[As |
(f) Output dependency
< » 11-cycle latency
FSQRT FR4 L1 Frlrlprs] .
F3
[F ] F] Fs
POV FROFR4 [T ] B Je— — [ r R[]
10 stall cycles = latency (11) - 1 The registers are written-back
in program order.
< » 7-cycle latency for lower FR
FADD DRO0,DR2 < > 8-cycle latency for upper FR
L F1 | F2 [ Fs
d F1 F2 FS
d F1 F2 FS
d F1 F2 FS
d F1 F2 FS | FR3 write
F1 F2 Fs | FR2 write
FMOV FROFR3 [ I | D |« > EX | NA| s |
6 stall cycles = longest latency (8) - 2
(g9) Anti-flow dependency
FTRV XMTRX,Fvo 1 | FO[ F1 [ F2 [ Fs
d FO F1 F2 FS
d FO F1 F2 ES
d FO F1 F2 FS
FMOV @Rixpo | | | D |« > EX [ MA | s |
5 stall cycles
FADD DRODR2 I | F1 | F2 | FS
d F1 F2 FS
d F1 F2 FS
d F1 F2 FS
d F1 F2 FS
F1 [ F2 Fs |
FMOV FR4FR1 L1 | D | NA| s
2 stall cycles

Figure 5.3 Examples of Pipelined Execution (cont)
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(h) Resource conflict

# #2 #3 #8 49 #0  #11
<—» 1 cycle/issue Latency
FDIV  FR6,FR7 [T o I Fi [ F2 ] Fs | <—>I F1 stage locked for 1 cycle
F3
F1 F2 FS
FMAC FRO,FR8,FR9 [T T o[ AT rRTEF]
FMAC FRO,FR10,FR11 v T oI AT F] Fs]
FMAC FRO,FR12,FR13 ’ I T P = R
1 stall cycle (F1 stage resource conflict)
FIPR  FV8FVO [t [ o[ Fr[F]F]Fs]
FADD FR15FR4 Lr T D] F [Fr]Fs]
1 stall cycle
IDSL @Ri5+PR [ 1 | D | EX | MA | Fs |
D SX
SX

STC  GBR,R2 ] [ ] [sx] Nnal s ]
I
L

3 stall cycles

FADD DRO,DR2 i T o[ R [Fr]Es
[ d F1 [ F2 | FS

F1 [ F2 [ Fs |

MAC.W @Ri+ @R2+ 1 [ D« EX | MA| s |

5 stall cycles 1

MACW @R1+,@R2+[ | [ D EX Mal s | f1 stage can overlap preceding f1,
fl but F1 cannot overlap f1.

f1

f1 F2 | Fs
f1 F2 | Fs |

MACW @R1+@R2+ [ | |« D | EX| MA[ s
1 stall 1
cycle Dl x| MA] s |

1

f1 [ F2 ] Fs

FADD DR4,DR6 I [ D] F1 | F2 | FS
3 stall cycles 2 stall cycles d F1 F2 FS

d Fi1 F2 FS

F1

Figure 5.3 Examples of Pipelined Execution (cont)
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Table 5.3  Execution Cycles

Instruc- Lock
Functional tion Issue Execution
Category No. Instruction Group Rate Latency Pattern Stage Start Cycles
Data transfer 1 EXTS.B  Rm,Rn EX 1 1 #1 — — —
instructions > ™"ExTSW  Rm,Rn EX 1 1 #1 — - -
3 EXTU.B Rm,Rn EX 1 1 #1 — — —
4 EXTUW Rm,Rn EX 1 1 #1 — — —
5 MOV Rm,Rn MT 1 0 #1 — — —
6 MOV #imm,Rn EX 1 1 #1 — — —
7  MOVA @(disp,PC),R0  EX 1 1 #1 - - =
8 MOVW  @(disp,PC),Rn LS 1 2 #2 - - =
9 MOV.L @(disp,PC),Rn LS 1 2 #2 S —
10 MOV.B @Rm,Rn LS 1 2 #2 — — —
11 MOV.W @Rm,Rn LS 1 2 #2 — — —
12 MOV.L @Rm,Rn LS 1 2 #2 — — —
13 MOV.B @Rm+,Rn LS 1 1/2 #2 — — —
14  MOV.W @Rm+,Rn LS 1 1/2 #2 — — —
15 MOV.L @Rm+,Rn LS 1 1/2 #2 — — —
16 MOV.B @ (disp,Rm),R0 LS 1 2 #2 — — —
17 MOV.W  @(disp,Rm),R0 LS 1 2 #2 S —
18 MOV.L  @(disp,Rm),Rn LS 1 2 #2 S —
19 MOV.B @(R0,Rm),Rn LS 1 2 #2 — — —
20 MOV.W  @(RO,Rm),Rn LS 1 2 #2 - = =
21 MOV.L @(R0,Rm),Rn LS 1 2 #2 — — —
22 MOV.B  @(disp,GBR),RO LS 1 2 #3 - = =
23 MOV.W  @(disp,GBR),RO LS 1 2 #3 SR —
24 MOV.L  @(disp,GBR),RO LS 1 2 #3 - - =
25 MOV.B Rm,@Rn LS 1 1 #2 — — —
26 MOV.W Rm,@Rn LS 1 1 #2 — — —
27 MOV.L Rm,@Rn LS 1 1 #2 — — —
28 MOV.B Rm,@-Rn LS 1 11 #2 — — —
29 MOV.W Rm,@-Rn LS 1 11 #2 — — —
30 MOV.L Rm,@-Rn LS 1 11 #2 — — —
31 MOV.B  RO,@(disp,Rn) LS 1 1 #2 - - =
32 MOV.W RO, @ (disp,Rn) LS 1 1 #2 — — —
33 MOV.L Rm,@(disp,Rn) LS 1 1 #2 S —
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Instruc- Lock

Functional tion Issue Execution
Category No. Instruction Group Rate Latency Pattern Stage Start Cycles
Data transfer34  MOV.B Rm, @ (RO0,Rn) LS 1 1 #2 — — —
instructions 55" ovw  Rm,@(RORn) LS 1 1 #2 — —

36 MOV.L Rm, @ (R0,Rn) LS 1 1 #2 — — —

37 MOV.B  RO,@(disp,GBR) LS 1 1 #3 - - =

38 MOV.W Ro,@(disp,GBR) LS 1 1 #3 S —

39 MOV.L RO,@(disp,GBR) LS 1 1 #3 S —

40 MOVCA.L RO,@Rn LS 1 3to7 #12 MA 4 3to7

41 MOVT Rn EX 1 1 #1 — — —

42  OCBI @Rn LS 1 1to2 #10 MA 4 1to2

43 OCBP @Rn LS 1 1to5 #11 MA 4 1to5

44 OCBWB @Rn LS 1 1to5 #11 MA 4 1to5

45 PREF @Rn LS 1 1 #2 — — —

46 SWAP.B Rm,Rn EX 1 1 #1 — — —

47 SWAP.W Rm,Rn EX 1 1 #1 — — —

48 XTRCT Rm,Rn EX 1 1 #1 — — —
Fixed-point 49 ADD Rm,Rn EX 1 1 #1 — — —
arithmetic 53~ "App #imm,Rn EX 1 1 # — —
instructions

51 ADDC Rm,Rn EX 1 1 #1 — — —

52 ADDV Rm,Rn EX 1 1 #1 — — —

53 CMP/EQ #imm,RO MT 1 1 #1 — — —

54 CMP/EQ Rm,Rn MT 1 1 #1 — — —

55 CMP/GE Rm,Rn MT 1 1 #1 — — —

56 CMP/GT Rm,Rn MT 1 1 #1 — — —

57  CMP/HI Rm,Rn MT 1 1 #1 — — —

58 CMP/HS Rm,Rn MT 1 1 #1 — — —

59 CMP/PL Rn MT 1 1 #1 — — —

60 CMP/PZ Rn MT 1 1 #1 — — —

61 CMP/STR Rm,Rn MT 1 1 #1 — — —

62 DIVOS Rm,Rn EX 1 1 #1 — — —

63 DIvVoU EX 1 1 #1 — — —

64 DIV1 Rm,Rn EX 1 1 #1 — — —

65 DMULS.L Rm,Rn CO 2 4/4 #34 F1 4 2

66 DMULU.L Rm,Rn coO 2 4/4 #34 F1 4 2

67 DT Rn EX 1 1 #1 — — —
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Instruc- Lock
Functional tion Issue Execution
Category No. Instruction Group Rate Latency Pattern Stage Start Cycles
Fixed-point 68 MAC.L @Rm+,@Rn+ CcO 2 2/2/4/4  #35 F1 4 2
arithmetic 5o™ MACW  @Rm+,@Rn+  CO 2 2/2/4/4 #35 o4 2
instructions
70 MUL.L Rm,Rn CcO 2 4/4 #34 F1 4 2
71 MULS.W Rm,Rn CcO 2 4/4 #34 F1 4 2
72  MULUW Rm,Rn CcO 2 4/4 #34 F1 4 2
73 NEG Rm,Rn EX 1 1 #1 — — —
74 NEGC Rm,Rn EX 1 1 #1 — — —
75 SUB Rm,Rn EX 1 1 #1 — — —
76 SUBC Rm,Rn EX 1 1 #1 — — —
77 SUBV Rm,Rn EX 1 1 #1 — — —
Logical 78 AND Rm,Rn EX 1 1 #1 — — —
instructions 79" AND #imm,R0 EX 1 1 #1 - - -
80 AND.B #imm, @ (R0,GBR) CO 4 4 #6 — — —
81 NOT Rm,Rn EX 1 1 #1 — — —
82 OR Rm,Rn EX 1 1 #1 — — —
83 OR #imm,R0 EX 1 1 #1 — — —
84 ORB #imm, @ (R0,GBR) CO 4 4 #6 — — —
85 TAS.B @Rn CO 5 5 #7 — — —
86 TST Rm,Rn MT 1 1 #1 — — —
87 TST #imm,RO MT 1 1 #1 — — —
88 TST.B #imm, @ (R0,GBR) CO 3 3 #5 — — —
89 XOR Rm,Rn EX 1 1 #1 — — —
90 XOR #imm,R0 EX 1 1 #1 — — —
91 XOR.B #imm, @ (R0,GBR) CO 4 4 #6 — — —
Shift 92 ROTL Rn EX 1 1 #1 — — —
instructions 93 "ROTR  Rn EX 1 1 #1 - - =
94 ROTCL Rn EX 1 1 #1 — — —
95 ROTCR Rn EX 1 1 #1 — — —
96 SHAD Rm,Rn EX 1 1 #1 — — —
97 SHAL Rn EX 1 1 #1 — — —
98 SHAR Rn EX 1 1 #1 — — —
99 SHLD Rm,Rn EX 1 1 #1 — — —
100 SHLL Rn EX 1 1 #1 — — —
101 SHLL2 Rn EX 1 1 #1 — — —
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Instruc- Lock
Functional tion Issue Execution
Category No. Instruction Group Rate Latency Pattern Stage Start Cycles
Shift 102 SHLL8 Rn EX 1 1 #1 — — —
Instructions 753 SHLL16  Rn EX 1 1 #1 — - -
104 SHLR Rn EX 1 1 #1 — — —
105 SHLR2 Rn EX 1 1 #1 — — —
106 SHLR8 Rn EX 1 1 #1 — — —
107 SHLR16 Rn EX 1 1 #1 — — —
Branch 108 BF disp BR 1 2(or1) #1 — — —
instructions o0 pF/g disp BR 1 2(or1) #1 —_ -
110 BT disp BR 1 2(or1) #1 — — —
111 BT/S disp BR 1 2(or1) #1 — — —
112 BRA disp BR 1 2 #1 — — —
113 BRAF Rm CcO 2 3 #4 — — —
114 BSR disp BR 1 2 #14 SX 3
115 BSRF Rm cO 2 3 #24 SX 3
116 JMP @Rn CcO 2 3 #4 — — —
117 JSR @Rn CcO 2 3 #24 SX 3 2
118 RTS CcO 2 3 #4 —_ — —_
System 119 NOP MT 1 0 #1 — — —
control 455 CLRMAC co 1 3 #28 F1. 3 2
instructions
121 CLRS CcO 1 1 #1 — — —
122 CLRT MT 1 1 #1 — — —
123 SETS cO 1 1 #1 — — —
124 SETT MT 1 1 #1 — — —
125 TRAPA #imm cO 7 7 #13 —_ — —
126 RTE (e]6) 5 5 #8 — — —
127 SLEEP cO 4 4 #9 — — —
128 LDTLB (6]6) 1 1 #2 — — —
129 LDC Rm,DBR CcO 1 3 #14 SX 3 2
130 LDC Rm,GBR CO 3 3 #15 SX 3 2
131 LDC Rm,Rp_BANK CcO 1 3 #14 SX 38 2
132 LDC Rm,SR CcO 4 4 #16 SX 3 2
133 LDC Rm,SSR CO 1 3 #14 SX 3 2
134 LDC Rm,SPC CO 1 3 #14 SX 3 2
135 LDC Rm,VBR CcO 1 3 #14 SX 8 2
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Instruc- Lock

Functional tion Issue Execution

Category No. Instruction Group Rate Latency Pattern Stage Start Cycles

System 136 LDC.L @Rm+,DBR CcO 1 1/3 #17 SX 3 2

control 4377 IDCL  @Rm+,GBR co 3 3/3 #18 sx 3 2

instructions
138 LDC.L @Rm+,Rp_BANK CO 1 1/3 #17 SX 3 2
139 LDC.L @Rm+,SR CcO 4 4/4 #19 SX 3 2
140 LDC.L @Rm+,SSR CcO 1 1/3 #17 SX 3 2
141 LDC.L @Rm+,SPC CcO 1 1/3 #17 SX 3 2
142 LDC.L @Rm+,VBR (0] 1 1/3 #17 SX 3 2
143 LDS Rm,MACH cO 1 #28 F1 3 2
144 LDS Rm,MACL CO 1 #28 F1 3 2
145 LDS Rm,PR CcO 2 #24 SX 8 2
146 LDS.L @Rm+,MACH CcO 1 1/3 #29 F1 3 2
147 LDS.L @Rm+,MACL CcO 1 1/3 #29 F1 3 2
148 LDS.L @Rm+,PR CcO 2 2/3 #25 SX 3 2
149 STC DBR,Rn CcO 2 2 #20 — — —
150 STC SGR,Rn CcO 3 3 #21 — — —
151 STC GBR,Rn CcO 2 2 #20 — — —
152 STC Rp_BANK,Rn CcO 2 2 #20 — — —
153 STC SR,Rn CcoO 2 2 #20 — — —
154 STC SSR,Rn CcO 2 2 #20 — — —
155 STC SPC,Rn co 2 2 #20 — — —
156 STC VBR,Rn CcO 2 2 #20 — — —
157 STC.L DBR,@-Rn cO 2 2/2 #22 — — —
158 STC.L SGR,@-Rn CcO 3 3/3 #23 — — —
159 STC.L GBR,@-Rn CcO 2 2/2 #22 — — —
160 STC.L Rp_BANK,@-Rn CO 2 2/2 #22 — — —
161 STC.L SR,@-Rn CcO 2 2/2 #22 — — —
162 STC.L SSR,@-Rn (0] 2 2/2 #22 — — —
163 STC.L SPC,@-Rn CcO 2 2/2 #22 — — —
164 STC.L VBR,@-Rn CcO 2 2/2 #22 — — —
165 STS MACH,Rn CO 1 3 #30 — — —
166 STS MACL,Rn CcO 1 3 #30 — — —
167 STS PR,Rn (0] 2 2 #26 — — —
168 STS.L MACH,@-Rn CcO 1 11 #31 — — —
169 STS.L MACL,@-Rn cO 1 11 #31 — — —
170 STS.L PR,@-Rn cO 2 2/2 #27 — — —
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Instruc- Lock
Functional tion Issue Execution
Category No. Instruction Group Rate Latency Pattern Stage Start Cycles
Single- 171 FLDIO FRn LS 1 0 #1 — — —
ﬁg:ig’goim FLDH  FRn LS 1 o #1 - - -
instructions 173 FMOV FRm,FRn LS 1 0 #1 — — —
174 FMOV.S @Rm,FRn LS 1 2 #2 — — —
175 FMOV.S @Rm+,FRn LS 1 1/2 #2 — — —
176 FMOV.S @(R0,Rm),FRn LS 1 2 #2 — — —
177 FMOV.S FRm,@Rn LS 1 1 #2 — — —
178 FMOV.S FRm,@-Rn LS 1 11 #2 — — —
179 FMOV.S FRm,@(R0,Rn) LS 1 1 #2 — — —
180 FLDS FRm,FPUL LS 1 0 #1 — — —
181 FSTS FPUL,FRn LS 1 0 #1 — — —
182 FABS FRn LS 1 0 #1 — — —
183 FADD FRm,FRn FE 1 3/4 #36 — — —
184 FCMP/EQ FRm,FRn FE 1 2/4 #36 — — —
185 FCMP/GT FRm,FRn FE 1 2/4 #36 — — —
186 FDIV FRm,FRn FE 1 12/13 #37 F3 2 10
F1 11 1
187 FLOAT FPUL,FRn FE 1 3/4 #36 — — —
188 FMAC FRO,FRm,FRn FE 1 3/4 #36 — — —
189 FMUL FRm,FRn FE 1 3/4 #36 — — —
190 FNEG FRn LS 1 0 #1 — — —
191 FSQRT FRn FE 1 11/12 #37 F3 2 9
F1 10 1
192 FSUB FRm,FRn FE 1 3/4 #36 — — —
193 FTRC FRm,FPUL FE 1 3/4 #36 — — —
194 FMOV DRm,DRn LS 1 0 #1 — — —
195 FMOV @Rm,DRn LS 1 2 #2 — — —
196 FMOV @Rm+,DRn LS 1 1/2 #2 — — —
197 FMOV @ (RO,Rm),DRn LS 1 2 #2 — — —
198 FMOV DRm,@Rn LS 1 1 #2 — — —
199 FMOV DRm,@-Rn LS 1 11 #2 — — —
1

200 FMOV DRm,@(RO,Rn) LS 1 #2 — — —
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Instruc- Lock
Functional tion Issue Execution
Category No. Instruction Group Rate Latency Pattern Stage Start Cycles
Double- 201 FABS DRn LS 1 0 #1 — — —
ﬁ;‘i:ig’;oim FADD  DRm,DRn FE 1 (7,8)/9 #39 1 2 6
instructions 203 FCMP/EQ DRm,DRn CcO 2 3/5 #40 F1 2 2
204 FCMP/GT DRm,DRn CcO 2 3/5 #40 F1 2 2
205 FCNVDS DRm,FPUL FE 1 4/5 #38 F1 2 2
206 FCNVSD FPUL,DRn FE 1 (3,4)/5 #38 F1 2 2
207 FDIV DRm,DRn FE 1 (24, 25)/ #41 F3 2 23
26 F1. 22 3
F1 2 2
208 FLOAT FPUL,DRn FE 1 (3,4)/5 #38 F1 2
209 FMUL DRm,DRn FE 1 (7,8)/9 #39 F1 6
210 FNEG DRn LS 1 0 #1 — — —
211 FSQRT DRn FE 1 (283, 24)/ #41 F3 2 22
25 FI 21 3
F1 2 2
212 FSUB DRm,DRn FE 1 (7, 8)/9 #39 F1 6
213 FTRC DRm,FPUL FE 1 4/5 #38 F1 2
FPU system 214 LDS Rm,FPUL LS 1 1 #1 — — —
control 515" | ps Rm,FPSCR co 1 4 #32 F1 3 3
instructions
216 LDS.L @Rm+,FPUL CcO 1 1/2 #2 — — —
217 LDS.L @Rm+,FPSCR CcOo 1 1/4 #33 F1 3 3
218 STS FPUL,Rn LS 1 3 #1 — — —
219 STS FPSCR,Rn cOo 1 3 #1 — — —
220 STS.L FPUL,@-Rn CcO 1 1 #2 — — —
221 STS.L FPSCR,@-Rn CcO 1 1A #2 — — —
Graphics 222 FMOV DRm,XDn LS 1 0 #1 — — —
acceleration 553" EMoOV XDm,DRn LS 1 #1 - - =
instructions
224 FMOQV XDm,XDn LS 1 0 #1 — — —
225 FMOV @Rm,XDn LS 1 2 #2 — — —
226 FMOV @Rm+,XDn LS 1 1/2 #2 — — —
227 FMOV @ (RO,Rm),XDn LS 1 2 #2 — — —
228 FMOV XDm,@Rn LS 1 1 #2 — — —
229 FMOV XDm,@-Rm LS 1 i #2 — — —
230 FMOV XDm, @ (RO0,Rn) LS 1 1 #2 — — —
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Instruc- Lock

Functional tion Issue Execution
Category No. Instruction Group Rate Latency Pattern Stage Start Cycles
Graphics 231 FIPR FVm,FVn FE 1 4/5 #42 F1 3 1
acceleration 535~ ERCHG FE 1 14 #36 — - =
instructions

233 FSCHG FE 1 1/4 #36 — — —

234 FTRV XMTRX,FVn FE 1 (5, 5, #43 FO 2

6, 7)/8 =

Notes: 1. See table 5.1 for the instruction groups.

2. Latency "L1/L2...": Latency corresponding to a write to each register, including
MACH/MACL/FPSCR.

Example: MOV.B @Rm+, Rn "1/2": Latency for Rm is 1 cycle and latency for Rn is 2
cycles.

3. Branch latency: Interval until the branch destination instruction is fetched

4. Conditional branch latency "2 (or 1) ": Latency is 2 for a non-zero displacement, and 1
for a zero displacement.

5. Double-precision floating-point instruction latency " (L1, L2)/L3": L1 is the latency for FR
[n+1], L2 that for FR [n], and L3 that for FPSCR.

6. FTRV latency " (L1, L2, L3, L4)/L5": L1 is the latency for FR [n], L2 that for FR [n+1], L3
that for FR [n+2], L4 that for FR [n+3], and L5 that for FPSCR.

7. Latency "L1/L2/L3/L4" of MAC.L and MAC.W instructions: L1 is the latency for Rm, L2
that for Rn, L3 that for MACH, and L4 that for MACL.

8. Latency "L1/L2" of MUL.L, MULS.W, MULU.W, DMULS.L, and DMULU.L instructions:
L1 is the latency for MACH, and L2 that for MACL.

9. Execution pattern: Instruction execution pattern number (see figure 5.2)

10. Lock/stage: Stage locked by the instruction

11. Lock/start: Locking start cycle; 1 is the first D-stage of the instruction.

12. Lock/cycles: Number of cycles locked

Exceptions:

1. When a floating-point computation instruction is followed by an FMOV store instruction,
an STS FPUL, Rn instruction, or an STS.L FPUL, @-Rn instruction, latency of the
floating-point computation is decreased by 1 cycle.

2. When the preceding instruction loads the shift amount of the following SHAD/SHLD,
latency of the load is increased by 1 cycle.

3. When an LS group instruction with latency of less than 3 cycles is followed by a double-
precision floating-point instruction, FIPR, or FTRV, latency of the first instruction is
increased to 3 cycles.

Example: In the case of FMOV FR4,FRO and FIPR FVO0,FV4, FIPR is stalled for 2
cycles.

4. When MAC.W/MAC.L/MUL.L/MULS.W/MULU.W/DMULS.L/DMULU.L is followed by an

STS.L MACH/MACL, @-Rn instruction, latency of MAC.W/MAC.L/MUL.L/MULS.W/
MULU.W/DMULS.L/DMULU.L is 5 cycles.
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5. In the case of consecutive executions of MAC.W/MAC.L/MUL.L/MULS.W/MULU.W/
DMULS.L/DMULU.L, latency is decreased to 2 cycles.

6. When an LDS to MACH/MACL is followed by an STS.L MACH/MACL, @-Rn
instruction, latency of the LDS to MACH/MACL is 4 cycles.

7. When an LDS to MACH/MACL is followed by MAC.W/MAC.L/MUL.L/MULS.W/
MULU.W/DMULS.L/DMULU.L, latency of the LDS to MACH/MACL is 1 cycle.

8. When an FSCHG or FRCHG instruction is followed by an LS group instruction that
reads from or writes to a floating-point register, the aforementioned LS group
instructions cannot be executed in parallel.

9. When a single-precision FTRC instruction is followed by an STS FPUL, Rn instruction,
latency of the single-precision FTRC instruction is 1 cycle.

54 Usage Note

The following are additional notes on pipeline operation and the method of calculating the number
of clock cycles.

The number of states (CPU clock cycles) required for stages where an external bus access, etc.,
occurs may include an increased number of cycles, in addition to the number of memory access
cycles set by the bus state controller (BSC), etc.

For example, the occurrence of the following may result in idle cycles as observed from the
external bus.

1. Transfer of data from the logical address bus to the physical address bus

2. Transfer of data between buses using different operation clocks

The stages where external memory access occurs include some instruction fetch (I) and some
memory access (MA) stages.
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Section 6 Memory Management Unit (MMU)

The SH-4 supports an 8-bit address space identifier, a 32-bit virtual address space, and a 29-bit
external memory space. Address translation from virtual addresses to physical addresses is
enabled by the memory management unit (MMU) in the SH-4. The MMU performs high-speed
address translation by caching user-created address translation table information in an address
translation buffer (translation lookaside buffer: TLB).

The SH-4 has four instruction TLB (ITLB) entries and 64 unified TLB (UTLB) entries. UTLB
copies are stored in the ITLB by hardware. A paging system is used for address translation, with
four page sizes (1, 4, and 64 Kbytes, and 1 Mbyte) supported. It is possible to set the virtual
address space access right and implement memory protection independently for privileged mode
and user mode.

6.1 Overview of the MMU

The MMU was conceived as a means of making efficient use of physical memory. As shown in
figure 6.1, when a process is smaller in size than the physical memory, the entire process can be
mapped onto physical memory, but if the process increases in size to the point where it does not fit
into physical memory, it becomes necessary to divide the process into smaller parts, and map the
parts requiring execution onto physical memory as occasion arises ((1) in figure 6.1). Having this
mapping onto physical memory executed consciously by the process itself imposes a heavy burden
on the process. The virtual memory system was devised as a means of handling all physical
memory mapping to reduce this burden ((2) in figure 6.1). With a virtual memory system, the size
of the available virtual memory is much larger than the actual physical memory, and processes are
mapped onto this virtual memory. Thus processes only have to consider their operation in virtual
memory, and mapping from virtual memory to physical memory is handled by the MMU. The
MMU is normally managed by the OS, and physical memory switching is carried out so as to
enable the virtual memory required by a process to be mapped smoothly onto physical memory.
Physical memory switching is performed via secondary storage, etc.

The virtual memory system that came into being in this way works to best effect in a time sharing
system (TSS) that allows a number of processes to run simultaneously ((3) in figure 6.1). Running
a number of processes in a TSS did not increase efficiency since each process had to take account
of physical memory mapping. Efficiency is improved and the load on each process reduced by the
use of a virtual memory system ((4) in figure 6.1). In this virtual memory system, virtual memory
is allocated to each process. The task of the MMU is to map a number of virtual memory areas
onto physical memory in an efficient manner. It is also provided with memory protection functions
to prevent a 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 happen that the translation information has not been recorded in the MMU, or the virtual
memory of a different process is accessed by mistake. In such cases, 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 be implemented by software alone, having address
translation performed by software each time a process accessed physical memory would be very
inefficient. For this reason, a buffer for address translation (the translation lookaside buffer: TLB)
is provided by hardware, and frequently used address translation information is placed here. The
TLB can be described as a cache for address translation information. However, unlike a cache, if
address translation fails—that is, if an exception occurs—switching of the address translation
information is normally performed by software. Thus memory management can be performed in a
flexible manner by software.

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

In the following descriptions, the address space in virtual memory in the SH-4 is referred to as
virtual address space, and the address space in physical memory as physical address space.
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Figure 6.1 Role of the MMU
6.1.1 Address Spaces
(1) Physical Address Space

The SH-4 supports a 32-bit physical address space, and can access a 4-Gbyte address space. When
the AT bit in MMUCR is cleared to 0 and the MMU is disabled, the address space is this physical
address space. The physical address space is divided into a number of areas, as shown in figure
6.2. The physical address space is permanently mapped onto a 29-bit external memory space; this
correspondence can be implemented by ignoring the upper 3 bits of the physical address space
addresses. In privileged mode, the 4-Gbyte space from the PO area to the P4 area can be accessed.
In user mode, a 2-Gbyte space in the U0 area can be accessed. Accessing the P1 to P4 areas
(except the store queue area) in user mode will cause an address error.
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External
memory space
H'0000 0000 Area 0 H'0000 0000
| Areal |
| Area2 [
/| _Areas |t
PO area | Aread | U0 area
Cacheable /| Area5 || Cacheable
1 | Area® “.
! Area 7 !
|‘ ' ! \‘l
1 : \‘ ||s
H'8000 0000 P1 area :' :' “‘ ". H'8000 0000
Cacheable ! ,:f' W
H'A000 0000 P2 area i "
Non-cacheable ! " W Address error
H'C000 0000 P3 area ":',’" \“.‘
Cacheable i |
H'E000 0000 H'E000 0000
_____ P4 area ____| Store queue area H'E400 0000
HFFFF FrRF[_NOn-cacheable Address ermor [ 1yrrrF FFFF

Privileged mode User mode

Figure 6.2 Physical Address Space (AT =0 in MMUCR)

Access to a PCMCIA interface area by the CPU in SH7760 is always performed using the values
of the SA and TC bits in PTEA.

Access to a PCMCIA interface area by the DMAC is always performed using the SSAn, DSAn,
STC, and DTC values in CHCRn of the DMAC. For details, see section 11, Direct Memory
Access Controller (DMAC).

PO, P1, P3, and U0 Areas: The PO, P1, P3, and UO areas can be accessed using the cache.
Whether or not the cache is used is determined by the CCR setting. When the cache is used,
switching between the copy-back method and the write-through method for write accesses is
specified by the WT bit in CCR, except for in the P1 area. Switching in the P1 area is determined
by the CB bit in CCR. Replacing the upper 3 bits of an address in these areas with Os gives the
corresponding external memory space address. However, since area 7 in the external memory
space is a reserved area, a reserved area will exist in these areas.

P2 Area: The P2 area cannot be accessed using the cache. In the P2 area, clearing the upper 3 bits
of an address to 0 gives the corresponding external memory space address. However, since area 7
in the external memory space is a reserved area, a reserved area will exist in this area.

P4 Area: The P4 area is mapped onto SH-4 on-chip I/O memory. The P4 area cannot be accessed
using the cache. The P4 area is shown in detail in figure 6.3.
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H'E000 0000
Store queue

H'E400 0000

Reserved area
H'F000 0000 Instruction cache address array
H'F100 0000 Instruction cache data array
H'F200 0000 Instruction TLB address array
H'F300 0000 Instruction TLB data arrays 1 and 2
H'F400 0000 Operand cache address array
H'F500 0000 Operand cache data array
H'F600 0000 Unified TLB address array
H'F700 0000 Unified TLB data arrays 1 and 2
H'F800 0000

Reserved area
H'FC00 0000

Control register area

H'FFFF FFFF

Figure 6.3 P4 Area

The area from H'E000 0000 to H'E3FF FFFF comprises addresses for accessing the store queues
(SQs). When the MMU is disabled (AT bit in MMUCR = 0), the SQ access right is specified by
the SQMD bit in MMUCR. For details, see section 7.7, Store Queues.

The area from H'FO00 0000 to H'FOFF FFFF is used for direct access to the instruction cache
address array. For details, see section 7.6.1, IC Address Array.

The area from H'F100 0000 to H'F1FF FFFEF is used for direct access to the instruction cache data
array. For details, see section 7.6.2, IC Data Array.

The area from H'F200 0000 to H'F2FF FFFF is used for direct access to the instruction TLB
address array. For details, see section 6.6.1, ITLB Address Array.

The area from H'F300 0000 to H'F3FF FFFF is used for direct access to instruction TLB data
arrays 1 and 2. For details, see section 6.6.2, ITLB Data Array 1, and section 6.6.3, ITLB Data
Array 2.

The area from H'F400 0000 to H'F4FF FFFF is used for direct access to the operand cache address
array. For details, see section 7.6.3, OC Address Array.
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The area from H'F500 0000 to H'F5FF FFFF is used for direct access to the operand cache data
array. For details, see section 7.6.4, OC Data Array.

The area from H'F600 0000 to H'F6FF FFEF is used for direct access to the unified TLB address
array. For details, see section 6.6.4, UTLB Address Array.

The area from H'F700 0000 to H'F7FF FFFF is used for direct access to unified TLB data arrays 1
and 2. For details, see section 6.6.5, UTLB Data Array 1, and section 6.6.6, UTLB Data Array 2.

The area from H'FC00 0000 to H'FFFF FFFF is the on-chip peripheral module control register
area.

(2) External Memory Space

The SH-4 supports a 29-bit external memory space. The external memory space is divided into
eight areas as shown in figure 6.4. Areas 0O to 6 relate to memory, such as SRAM, synchronous
DRAM, and PCMCIA. Area 7 is a reserved area. For details, see section 10, Bus State Controller
(BSO).

H'0000 0000 Area 0
H'0400 0000 Area 1
H'0800 0000 Area 2
H'0C00 0000 Area 3
H'1000 0000 Area 4
H'1400 0000 Area 5
H'1800 0000 Area 6
::1 (F:ISIC-‘) 2'0:?:?: Area 7 (reserved area)

Figure 6.4 External Memory Space
(3) Virtual Address Space

Setting the AT bit in MMUCR to 1 enables the PO, P3, and UQ areas of the physical address space
in the SH-4 to be mapped onto any external memory space in 1-, 4-, or 64-Kbyte, or 1-Mbyte page
units. By using an 8-bit address space identifier, the PO, U0, P3, and store queue areas can be
increased to a maximum of 256. This is called the virtual address space. Mapping from the virtual
address space to the 29-bit external memory space is carried out using the TLB. Only when area 7
in the external memory space is accessed using the virtual address space, addresses H'1C00 0000
to H'1FFF FFFF of area 7 are not designated as a reserved area, but are equivalent to the P4 area
control register area in the physical address space. The virtual address space is shown in figure
6.5.
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When the PO, P3, and UO areas are mapped onto a PCMCIA interface area by means of the TLB in
the cache enabled state, either the WT bit in CCR must be set to 1 or the C bit in PTEL must be
cleared to O for that page. In this case, access to the area is performed using the SA and TC bit

values specified in page units for each TLB page.

Note that the CPU cannot access a PCMCIA interface area through access of the P1, P2, or P4
area. Access to a PCMCIA interface area by the DMAC is always performed using the SSAn,
DSAn, STC, and DTC values in CHCRn of the DMAC. For details, see section 11, Direct

Memory Access Controller (DMAC).

256 fa . External 256 =t
."I s, memory space /,//ﬁ
Area 0
Area 1
Area 2
PO area Area 3 U0 area
Cacheable Area 4
Address translation possible Cacheable
Area 5 Address translation possible
Area 6
Area 7
= * LH
P1 area ,":'
Cacheable o
Address translation not possible kN
P2 area ," ,"
Non-cacheable /
Address translation not possible h Address error
P3 area "l
Cacheable
Address translation possible |
__________ Pdarea _________J Store queue area
Non-cacheable A
Address translation not possible ddress error
User mode

Privileged mode

Figure 6.5 Virtual Address Space (AT =1 in MMUCR)

PO, P3, and U0 Areas: The PO area (excluding addresses H'7C00 0000 to H'7FFF FFFF), P3 area,
and UO area (excluding addresses H'7C00 0000 to H'7FFF FFFF) allow access using the cache and
address translation using the TLB. These areas can be mapped onto any external memory space in
1-, 4-, or 64-Kbyte, or 1-Mbyte page units. When CCR is in the cache enabled state and the TLB
cacheability bit (C bit) is 1, accesses can be performed using the cache. In write accesses to the
cache, switching between the copy-back method and the write-through method is indicated by the

TLB write-through bit (WT bit), and is specified in page units.
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Only when the PO, P3, and UOQ areas are mapped onto external memory space by means of the
TLB, addresses H'1C00 0000 to H'1FFF FFFF of area 7 in the external memory space are

allocated to the control register area. This enables control registers to be accessed from the U0
area even in user mode. In this case, the C bit for the corresponding page must be cleared to 0.

P1, P2, and P4 Areas: Address translation using the TLB cannot be performed for the P1, P2, or
P4 area (except for the store queue area). Accesses to these areas are the same as for the physical
address space. The store queue area can be mapped onto any external memory space by the MMU.
However, operation in the case of an exception differs from that for normal PO, U0, and P3 areas.
For details, see section 7.7, Store Queues.

(4) On-Chip RAM Space

In the SH-4, half of the operand cache can be used as on-chip RAM. This can be done by changing
the CCR settings.

When the operand cache is used as on-chip RAM (ORA bit in CCR = 1), addresses H'7C00 0000
to H'7FFF FFFF in the PO and UQ areas are an on-chip RAM area. Data accesses
(byte/word/longword/quadword) can be used in this area. This area can only be used in RAM
mode.

(5) Address Translation

When the MMU is used, the virtual address space is divided into units called pages, and
translation to physical addresses is carried out in these page units. The address translation table in
external memory contains the physical addresses corresponding to virtual addresses and additional
information such as memory protection codes. Fast address translation is achieved by caching the
contents of the address translation table located in external memory into the TLB. In the SH-4,
basically, the ITLB is used for instruction accesses and the UTLB for data accesses. In the event
of an access to an area other than the P4 area, the accessed virtual address is translated to a
physical address. If the virtual address belongs to the P1 or P2 area, the physical address is
uniquely determined without accessing the TLB. If the virtual address belongs to the PO, UO, or P3
area, the TLB is searched using the virtual address, and if the virtual address is recorded in the
TLB, a TLB hit is made and the corresponding physical address is read from the TLB. If the
accessed virtual address is not recorded in the TLB, a TLB miss exception is generated and
processing switches to the TLB miss exception handling routine. In the TLB miss exception
handling routine, the address translation table in external memory is searched, and the
corresponding physical address and page management information are recorded in the TLB. After
the return from the exception handling routine, the instruction which caused the TLB miss
exception is re-executed.
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(6) Single Virtual Memory Mode and Multiple Virtual Memory Mode

There are two virtual memory systems, single virtual memory and multiple virtual memory, either
of which can be selected with the SV bit in MMUCR. In the single virtual memory system, a
number of processes run simultaneously, using virtual address space on an exclusive basis, and the
physical address corresponding to a particular virtual address is uniquely determined. In the
multiple virtual memory system, a number of processes run while sharing the virtual address
space, and particular virtual addresses may be translated into different physical addresses
depending on the process. The only difference between the single virtual memory and multiple
virtual memory systems in terms of operation is in the TLB address comparison method (see
section 6.3.3, Address Translation Method).

(7) Address Space Identifier (ASID)

In multiple virtual memory mode, an 8-bit address space identifier (ASID) is used to distinguish
between multiple processes running simultaneously while sharing the virtual address space.
Software can set the 8-bit ASID of the currently executing process in PTEH in the MMU. The
TLB does not have to be purged when processes are switched by means of ASID.

In single virtual memory mode, ASID is used to provide memory protection for multiple processes
running simultaneously while using the virtual address space on an exclusive basis.

Note: Two or more entries with the same virtual page number (VPN) but different ASID must
not be set in the TLB simultaneously as a single virtual memory mode setting.

6.2 Register Descriptions

The following registers are related to MMU processing. For details on the addresses of these
registers and the state of registers in each operating mode, see section 32, List of Registers.

Table 6.1 Register Configuration (1)

Register Name Abbrev. R/W P4 Address Area 7 Address Size 2Y::k
Page table entry high register PTEH R/W  H'FF00 0000 H'1F00 0000 32 Ick
Page table entry low register PTEL R/W  H'FF00 0004 H'1F00 0004 32 Ick
Page table entry assistance register PTEA R/W  H'FF00 0034 H'1F00 0034 32 Ick
Translation table base register TTB R/W  H'FF00 0008 H'1F00 0008 32 Ick
TLB exception address register TEA R/W  H'FF00 000C H'1F00 000C 32 Ick
MMU control register MMUCR R/W  H'FF00 0010 H'1F00 0010 32 Ick
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Table 6.1 Register Configuration (2)
Manual Standby

Power-on Reset by

Reset by RESET Sleep by

RESET Pin/WDT/ by Sleep Software/

Pin/WDT/  Multiple Instruction/ by Each
Register Name Abbrev. H-UDI Exception Deep Sleep Hardware Module
Page table entry high register PTEH Undefined Undefined  Retained * Retained
Page table entry low register PTEL Undefined  Undefined Retained Retained
Page table entry assistance register PTEA Undefined  Undefined  Retained Retained
Translation table base register TTB Undefined  Undefined Retained Retained
TLB exception address register TEA Undefined  Retained Retained Retained
MMU control register MMUCR H'0000 0000 H'0000 0000 Retained Retained

Note: * After exiting hardware standby mode, this LSI enters the power-on reset state caused
by the RESET pin.

6.2.1 Page Table Entry High Register (PTEH)

PTEH can be accessed in longwords from H'FF00 0000 in the P4 area and from H'1F00 0000 in
area 7. PTEH consists of the virtual page number (VPN) and address space identifier (ASID).
When an MMU exception or address error exception occurs, the VPN of the virtual address at

which the exception occurred is set in the VPN bit by hardware. VPN varies according to the page

size, but the VPN set by hardware when an exception occurs consists of the upper 22 bits of the
virtual address which caused the exception. VPN setting can also be carried out by software. The

number of the currently executing process is set in the ASID bit by software. ASID is not updated

by hardware. VPN and ASID are recorded in the UTLB by means of the LDLTB instruction.

After the ASID field in PTEH has been rewritten, a branch instruction to the PO, P3, or UQ area

that uses the updated ASID value should be located at least six instructions after the PTEH update

instruction.
Bit: 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
| VPN |
Initial value: - - - - - - - - - - - - - - -
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
| VPN I - I I ASID |
Initial value: 0 0

RW: RW RW RW RW RW RW R R

RW RW RW RW RW RW RW RW
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Bit Bit Name Initial Value R/W Description
31t010 VPN — R/W Virtual Page Number
938 — AllO R Reserved

These bits are always read as 0. The write value
should always be 0.

7t00 ASID — R/W Address Space Identifier

6.2.2 Page Table Entry Low Register (PTEL)

PTEL can be accesse