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Notice
1. Descriptions of circuits, software and other related information in this document are provided only to illustrate the operation of
semiconductor products and application examples. You 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 losses incurred by
you or third parties arising from the use of these circuits, software, or information.

2. 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 errors in or omissions from the information included herein.

3. 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.

4. You should not alter, modify, copy, or otherwise misappropriate any Renesas Electronics product, whether in whole or in part.
Renesas Electronics assumes no responsibility for any losses incurred by you or third parties arising from such alteration,
modification, copy or otherwise misappropriation of Renesas Electronics product.

5. Renesas Electronics products are classified according to the following two quality grades: “Standard” and “High Quality”. The
recommended applications for each Renesas Electronics product depends on the product’s quality grade, as indicated below.

“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 etc.

“High Quality”: Transportation equipment (automobiles, trains, ships, etc.); traffic control systems; anti-disaster systems;
anti-crime systems; and safety equipment etc.

Renesas Electronics products are neither intended nor authorized for use in products or systems that may pose a direct threat to
human life or bodily injury (artificial life support devices or systems, surgical implantations etc.), or may cause serious property
damages (nuclear reactor control systems, military equipment etc.). You must check the quality grade of each Renesas
Electronics product before using it in a particular application. You may not use any Renesas Electronics product for any
application for which it is not intended. Renesas Electronics shall not be in any way liable for any damages or losses incurred
by you or third parties arising from the use of any Renesas Electronics product for which the product is not intended by Renesas
Electronics.

6. You should use the Renesas Electronics products described in this document within the range specified by Renesas Electronics,
especially 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.

7. 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 physical 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 systems
manufactured by you.

8. 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 a result of your noncompliance with applicable laws
and regulations.

9. 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. You should not use
Renesas Electronics products or technology described in this document for any purpose relating to military applications or use
by the military, including but not limited to the development of weapons of mass destruction. When exporting the Renesas
Electronics 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.

10. It is the responsibility of the buyer or distributor of Renesas Electronics products, who distributes, disposes of, or otherwise
places the product with a third party, to notify such third party in advance of the contents and conditions set forth in this
document, Renesas Electronics assumes no responsibility for any losses incurred by you or third parties as a result of
unauthorized use of Renesas Electronics products.

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

12. Please contact a Renesas Electronics sales 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.

(2012.4)
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General Precautionson Handling of Product

1. Treatment of NC Pins

Note: Do not connect anything to the NC pins.
The NC (not connected) pins are either not connected to any of the internal circuitry or are
they are used astest pins or to reduce noise. If something is connected to the NC pins, the
operation of the LSl is not guaranteed.

2. Treatment of Unused Input Pins

Note: Fix all unused input pinsto high or low level.
Generally, the input pins of CMOS products are high-impedance input pins. If unused pins
arein their open states, intermediate levels are induced by noise in the vicinity, a pass-
through current flows internally, and a malfunction may occur.

3. Processing before Initialization

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

4. Prohibition of Accessto Undefined or Reserved Addresses

Note: Accessto undefined or reserved addressesis prohibited.
The undefined or reserved addresses may be used to expand functions, or test registers
may have been be allocated to these addresses. Do not access these registers; the system’s
operation is not guaranteed if they are accessed.

5. Reading from/Writing to Reserved Bit of Each Register

Note: Treat the reserved bit of register used in each module as follows except in cases where the
specifications for values which are read from or written to the bit are provided in the
description.

The bit is always read as 0. The write value should be 0 or one, which has been read
immediately before writing.

Writing the value, which has been read immediately before writing has the advantage of
preventing the bit from being affected on its extended function when the function is
assigned.
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Configuration of This Manual

This manual comprises the following items:

Genera Precautions on Handling of Product
Configuration of This Manual
Preface
Contents
Overview
Description of Functional Modules
e CPU and System-Control Modules
e  On-Chip Peripheral Modules

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

i) Feature
ii) Input/Output Pin
iii) Register Description
iv) Operation
v) Usage Note
When designing an application system that includes this LSI, take notes into account. Each

section includes notes in relation to the descriptions given, and usage notes are given, as required,
asthefinal part of each section.

o g~ N PRE

7. Electrical Characteristics
8. Appendix
9. Index
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Preface

ThisLSl isaRISC (Reduced Instruction Set Computer) microcomputer which includes a Renesas
origina RISC CPU asits core, and the peripheral functions required to configure a system.

Target Users: This manual was written for users who will be using thisL S| 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 LSl to the above users.

Notes on reading this manual:

. 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, peripheral functions and electrical characteristics.

. In order to understand the details on FPU functions and each instructions
Read the additional volume, SH-4A Extended Functions Software Manual.

Rules: Bit order: The MSB ison the left and the LSB is on theright.
Number notation: ~ Binary is B'xxxx, hexadecimal is H'xxxx, decimal is Xxxx.
Signal notation: An overbar is added to alow-active signal: xxxx
RO1UHO0174EJ0200 Rev. 2.00 Page v of liv
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Abbreviations

ATAPIATAPI Controller

CPG Clock Pulse Generator

DMAC Direct Memory Access Controller

E-DMAC Ethernet Controller Direct Memory Access Controller

EtherC Ethernet Controller

FLCTL NAND Flash Memory Controller

G2D 2D Graphics Engine

GPIO General Purpose |/O

H-UDI User Debugging Interface

lc I2C Bus Interface

INTC Interrupt Controller

MCU Memory Controller Unit

MMU Memory Management Unit

SCIF Serial Communication Interface with FIFO

TMU Timer Unit

UBC User Break Controller

uUsSB USB Host/Function Interface

VDC2 Video Display Controller 2

WDT Watchdog Timer and Reset

SSi Serial Sound Interface

LCDC LCD Controller

SRC Sampling Rate Converter

Page vi of liv RO1UHO0174EJ0200 Rev. 2.00
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bps  bits per second

CRC Cyclic Redundancy Check
DMA Direct Memory Access
DMAC Direct Memory Access Controller

Hi-Z High Impedance

/O I nput/Output

LSB Least Significant Bit

MSB Most Significant Bit

NC Non-Connection

PLL Phase Locked Loop

RO1UHO0174EJ0200 Rev. 2.00 Page vii of liv
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Main Revisions for This Edition

Iltem

Page

Revision (See Manual for Details)

1.3 Overview of Module
Specifications

Table 1.2 Overview of Module

Specifications

5

Table amended

Item Description

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

(MMU)

1.5 Pin Assignment (BGA449)

Table 1.3 Pin Assignment

19

Table amended

Function (Multiplexed 1/0 Buffer 1/0 Buffer Handling
No. Location Pin Name Functions Where Applicable) /O Type Power Supply when unused
6 A6 AV33_0 AV33 — — — open
20 Table amended
Function (Multiplexed /O Buffer 110 Buffer Handling
No. Location Pin Name Functions Where Applicable) /0 Type Power Supply when unused
e e = = = &
29 B4 AV33_1 AV33 — — — open
30 B5 DG33_1 DG33 — — — open
31 B6 AG33_0 AG33 —_ —_ —_ open
32 B7 DV33 0 DV33 — — — open
33 B8 DG33_0 DG33 — — — open
21 Table amended
Function (Multiplexed /O Buffer 110 Buffer Handling
No. Location Pin Name Functions Where Applicable) /0 Type Power Supply when unused
e s T = = = F]
55 C5 DV33_1 DV33 —_ —_ —_ open
e Theme | nerz
58 C8 AV12_0 AV12 — — — open
22 Table amended
Function (Multiplexed 1/0 Buffer 1/0 Buffer Handling
No. Location Pin Name Functions Where Applicable) 1/0 Type Power Supply when unused
77 D2 RTC_CLK RTC_CLK I schmitt VveceQ pull up/pull-down or Vss
80 D5 AG12 1 AG12 — — — open
81 D6 UG12 1 uG12 — — — open
82 D7 DG12_1 DG12 — — — open
83 D8 UG12 0 uUG12 — — — open
84 D9 DG12_0 DG12 — — — open
23 Table amended
Function (Multiplexed 1/0 Buffer 1/0 Buffer Handling
No. Location Pin Name Functions Where Applicable) /O Type Power Supply  when unused
106 E6 uviz 1 uviz open
107 E7 DVi2_1 pv12 — - — open
108 E8 uviz o uviz2 — — — open
109 E9 DV12 0 Dv12 — — — open

15.5.3 Initialization Sequence

447

Description amended

Before permitting accesses to the SDRAM after a
reset, the SDRAM should be initialized according to
the appropriate sequence as shown below. Since the
shown sequence of issuing the commands to SDRAM
is merely an example, provide the appropriate
sequence given in the datasheet supplied by the
memory vendor.

R0O1UHO0174EJ0200 Rev. 2.00
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Item Page Revision (See Manual for Details)
16.5.6 Timing of rizeing TE bit 531 Newly added
and TEND interrupt request
17.5.1 Frequency Control 541 Table amended
Register A (FRQCRA) Initial
Bit Bit Name Value R/IW Description
331020 TFC30]  See  RM CPU Clock (i0) Frequency Division Ratio
able 0000: x 172 1000: x 1/24
- 0001: x 1/3 1001: x 1/32
0010: x 1/4 1010: x 1/36
0011: x 1/6 1011: x 1/48
0100: x 1/8 1101: x 1/72
0101: x 1/12 Other settings are prohibited
0110: x 1/16
151012 SFC[3:.0] See RW S Clock (So) Frequency Division Ratio
table 0010: x 1/4 1000: x 1/24
- 0011: x 1/6 1001: x 1/32
0100: x 1/8 1010: x 1/36
0101: x 1/12 1011: x 1/48
0110: x 1/16 1101: x 1/72
. Other settings are prohibited
17.5.2 Frequency Control 543 Description added
Register B (FRQCRB) 5. S¢: M1 ; Bo
Integer clock ratio S¢: M1¢eBp=2:1:1,2:2:1,1
If 2DG is used, the following clock fregency ratio
must also besatisfied.
Sop:Bo:Pp=4:2:1
31.5.1 System Control 1104  Description amended
(1) Power Control Procedures — After using USBO, set bit10, 9 to 0 before USBO
Power OFF.
When USB is not used, USB power pins are open,
UPONCR register value should be initial viue. When
USB power pins are supplied, either USB is used or
not, UPON[1:0] bits should be set to 11.
32.4.8 Wait Operation 1204  Figure amended

Figure 32.16 Example Flow of
Software for Transmission with
Use of Wait Interrupt

,,,,,,,,,,,,,,,,,, R

In response to WAIT interrupt:
Clear WAIT interrupt source

ICSR.BUSY =0?
ICSR.SCLM = 1?

Yes

ICIC = H'00
ICSR = H'00

i

| ICCR.ICE =0 |

End

Page x of liv
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Iltem

Page

Revision (See Manual for Details)

32.4.8 Wait Operation

Figure 32.17 Example Flow of
Read with

Software for 1-Byte
Use of Wait Interrupt

1205

Figure title and Figure amended

__________________ e

Wait for Interrupt | |

1

In response to DTE interrupt:
Disable DTE interrupt
ICDR = slave address (R)

1

Wait for Interrupt | |

Y

In response to WAIT interrupt:
ICCR = H'81
Clear WAIT interrupt source

1

Wait for Interrupt | |

Y

In response to WAIT interrupt:
ICCR = H'CO
Enable DTE interrupt
Clear WAIT interrupt source

Y

Wait for Interrupt | |

1

In response to DTE interrupt:
Read data from ICDR

ICSR.BUSY =0?
ICSR.SCLM = 1?
ICSR.SDAM = 12 No

Yes

ICIC = H'00
ICSR = H'00

1

ICCR.ICE = 0 |

End

RO1UHO0174EJ0200 Rev. 2.00
Jan 18, 2013
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Item Page Revision (See Manual for Details)
32.4.8 Wait Operation 1206  Figure amended
Figure 32.18 Example Flowof —  ~TTTTTTTTTTTTOLTTTTITITIIOTTTT
Software for n-Byte Write/Read T .
with Use of Wait Interrupt IS8R S5AM = 13

| ICIC = H'00 |

ICSR = H'00
[ ICCR.ICE = 0 |
End

Figure 32.19 Example Flowof 1207  Figure amended

Software for Transmission (WAIT
= O)

ICSR.BUSY = 0?
ICSR.SCLM = 1?
SR.SDAM = 12,

ICIC = H'00
ICSR = H'00

1

ICCR.ICE=0

END

35.2 Functional Overview of VEU 1447

Figure 35.1 Block Diagram of
VEU

Figure amended

<

SuperHyway bus

Y 1t

ICB |

Section38 2D Graphic
Accelerator (2DG)

1687

Description added
Note: If 2DG is used, Clock fregency ratio must be set

as following,
Sp:Bp:Pp=4:2:1

Page xii of liv
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Item Page Revision (See Manual for Details)

38.3.1 System Control Registers 1811  Table amended

(1) System Control Register _ Initial -
Bit Bit Name Abbrev. Value Description
(SCLR) 31 Software Reset SRES 1 Resets the 2DG.

0: Command processing execution is enabled.

1: Reset state

This bit is set to 1 when a hardware reset is

performed.

Clear this bit to 0 in initialization.

When this bit is set to 1 by software, a reset is

performed for drawing operations only. The 2DG

registers are also initialized.

While this bit is set to 1, this is the only register that

can be written to.

Note: After a software reset is executed during the
drawing period (from rendering start to TRAP.
command execution), execute the following
process in order to cancel the software reset.

(1) SetSRESto 1.

(2) Wait 1 vsync.

(3) Set HRES to 1 (for at least 4 CLKP

cycles).

(4) Clear HRES to 0.

(5) Clear SRES to 0.
30 HRES 0 Resets the 2DG (hardware reset). This bit must be
used only to cancel the software reset, is prohibited to
use during 2DG is active.

39.4.1 LCDC Display Features 1898  Description amended
¢ Display Resolution
Up to WXGA and HD (1280 x 720) supported.

39.6 Examples of Clock and LCD 1912  Figure Replaced
Data Signals

Figure 39.15 Example of Clock
and LCD Data Signals (3)

40.3.8 VOU Display Size 1931 Table amended
Register (VOUDSR) initial
Bit Bit Name Value R/W Description
2510 71’7””HI’DS{9:i] "H2D0  RMW  Horizontal Image Size
16 HDS[0] R These bits specify the horizontal image size. Use these

bits to adjust the display. The VOU outputs data for the

size specified by these bits. Note that since the

horizontal image size is limited to 2n, the lowest bit must

be cleared to 0. The initial value is 720.

These bits (VOUDSR.HDS) should be set according to

the following restriction.

Display Size (VOUDSR.HDS) > Display Position

(VOUDPR.HP) + Source Image Size (VOUISR.HSZ)
8t00 VDS[8:0] HOFO RW Vertical Image Size

These bits specify the vertical image size. The VOU

outputs lines for the size specified by these bits. The

initial value is 240.

These bits (VOUDSR.VDS) should be set according to

the following restriction.

Display Size (VOUDSR.VDS) > Display Position
(VOUDPR.VP) + Source Image Size (VOUISR.VSZ)

RO1UH0174EJ0200 Rev. 2.00 Page xiii of liv
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Item Page Revision (See Manual for Details)
40.3.9 VOU Valid Pixel Start 1932  Table amended
Position Register (VOUVPR) Initial
Bit Bit Name Value R/W Description
231017 HVP[7:1] H78  RMW  Horizontal Valid Pixel Start Position
16 HVP[O0] R These bits specify the horizontal position where output
data becomes valid in pixel clock cycles.
The sum of the setting of these bits and the setting of
the HDS[9:0] bits in VOUDSR should be 858 or less (for
NTSC), or 864 or less (for PAL) in case of BT.601, 856
or less (for NTSC) in case of BT.656. Note that since the
horizontal valid pixel start position is limited to 2n, the
lowest bit must be cleared to 0. The initial value is 120.
Note: When scaling up the horizontal size of the image,
the HVP bit in VOUVPR  the HP bitin VOUDPR
R, shoudbemorethan9.
40.3.12 VOU Mode Setting 1937  Table amended
Register (VOUMSR) Initial
Bit Bit Name Value RIW Description
31 LMD 0 RIW LCDC Compatible Mode
Specifies the VOU mode as LCDC compatible mode.
LCDC compatible mode should be used with a
24.5454-MHz input clock. The HDS bit in VOUDSR
should be set to 640.
0: Normal operating mode
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, 1:LCDC compatible mode
41.2.1 ICBnn Control Register 1961 Table amended
(MEnnCTRL) Initial
Bit Bit Name Value R/W  Description
241016 MSAR[8:0] H000 | R/W  Specify the start address of a memory area reserved in
the MERAM in units of Kbytes (0 to 127). Set a multiple
of the number calculated by rounding up
(MENnBSIZE.XSZM1[15:0] + 1) into units of 2"n Kbytes
7777777777777777777777777777777 (units of 1 Kbyte are also included).
41.3.4 Additional Remarks on 1992  Description amended
Line Numbers and Offset e Specify the number of buffer lines to be allocated
Addresses in the BNM bits in MEnnMCNF in 1-Kbyte units.
(2) Adjusting Stride Length of e Setthe values calculated as follows in the KRBNM
Image Modules to Values in bits in MENnnMCNF and the KWBNM bits in
External Memory MENnMCNF. Use n as the desired number of lines
to be retained for each IP that is described in
section 41.5, Settings for Each Associated
Module.
41.5.5 Image Output of VPU 2006  Description amended
(2) Conditions for the Number of e Buffer corresponding to VP4_DWY_ADDR in the
Lines Retained VPU: Equal to or larger than 20
e Buffer corresponding to VP4_DWC_ADDR in the
VPU: Equal to or larger than 12
42.1 Features 2014  Figure Replaced
Figure 42.1 Block Diagram of
2D-DMAC
42.5.1 Restriction on horisontal 2043  Newly added
size of extracted image
Page xiv of liv RO1UHO0174EJ0200 Rev. 2.00
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Item Page Revision (See Manual for Details)
46.4 Block Diagram 2243  Figure amended
Figure 46.1 ATAPI Block .
Diagram 1
Register bus 4‘:
ToHPBbUS == O o <
HPB bus clock: '
83 MHz H
Data bus width: H
32 bits :
ATAPI
interface H
control H
register H
-
To SHwWy bus it~ SHwy bus H
interface H
SHwy bus clock: '
166 MHz :
Data bus width: '
64 bits :
50.4.2 H-UDI Reset 2528  Description amended
A system reset is generated by the SDIR command.
After the H-UDI reset assert command has been sent
from the H-UDI pin, sending the H-UDI reset negate
command resets the CPU (see Figure 50.3). The
required time between the H-UDI reset assert and H-
UDI reset negate commands is the same as the time
for holding the reset pin low in order to reset this LSI
by a system reset.
51.1 Register Addresses 2528  Table amended
Access
Register Name Abbreviation R/W Address Module Size
PRI control register 4(ICB) PRPRICR 4 RIW HFF800048  Super 32
PRI control register 5 (Reseved | RW HFF80 0050 Hy‘”ay 77777 EN
2533  Table amended
Access
Register Name Abbreviation R/W Address Module Size
DBSC ~ SDRAM kind select register DBKIND R/W H'FDO0 0008 DBSC 32
DBSC  status register DBSTATE 777777777777777 R HFDOOOOOC 32 77777777
RO1UH0174EJ0200 Rev. 2.00 Page xv of liv
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Item Page Revision (See Manual for Details)
52.2 Recommended Operating 2614  Table deleted
Conditions hem Symbol _ Min. Typ. Max. Uit Productnumber
Power Core power supply  V, 1.15 — 1.35 Vv M1¢ < 125 MHz
Table 5_2'2 Regqmmended jgrtap'ye 1.25 135 V. M1o< 166 MHz
Operating Conditions % bower supply for PLL Vo, PLL 115 135 V  M1o<125MHz
125 135 V  MI1o< 166 MHz
Power supply for FLL V, FLL 1.15 — 1.35 \% M1¢ <125 MHz
125 135 V  ML19<166 MHz
Power supply for DDR V,Q_DDR 1.7 1.8 1.9 Y
52.3.1 Power-on Order 2616  Description amended
¢ When any of the clock modes 3 to 7 is in use,
RTC_CLK supply is required. Input RTC_CLK
before turning on the 1.2-V power supplies, after
turning on the VCCQ power supply.
Table 52.3 Recommended 2617  Table added
Tlmlng in POWer‘On Item Symbol Time Unit
V..Q power settling time vV, Q <300 us
_Seming time difference between V. power supplies tdV,.Q 20 ms
Time difference between 3.3-V Vecand 1.2-V Veoat t,, 0to 10 ms
power-on
V,, power settling time Vv, <1 ms
Time over which the state is undefined e toyy + 1V, + BtRCLK * ms
1/0 power supplies other than V,.Q Setting Time ~ trV,, <1 ms
52.5.5 DBSC Bus Timing 2648  Table deleted
Table 52.12 DDR2-SDRAM Item Symbol  Min. Max. Unit  Reference
Interface T|m|ng CK cycle o 6.0 8 ns Figure
CK high period t., (abs) 0.45 0.55 tey 52.25
CK,IOWPE“,D,d,, o ”tn(abs) 0.45 0.55 e
Figure52.32 Relation between 2653  Figure amended
DQS and DQ/DQM Output
Waveforms (Write) MDQS[L:0] (Solid line)
MDQSI[1:0}# (Broken line)
MDQ[15:0]
MDQMI[1:0]
P - >
"wml B tWDﬂ
twoipw fwoipw
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Item Page Revision (See Manual for Details)

52.5.5 DBSC Bus Timing 2655  Figure amended

Figure 52.34 Mobile-DDR-
SDRAM Output Timing (Write)

MCLK =-s
MCLK —/*-.-

MCKE, MCS, MRAS, MCAS
MWE, MA[13:0], MBA[2:0]

MDQS[3:0]

MDQ[31:0]
MDQM[3:0]
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SH7724 Section1 Overview

Section 1 Overview

11 SH7724 Features

The SH7724 (SH-MohileR2R) isa system LSl that incorporates a Renesas original SH-4A
processor core along with peripheral functions required for multimedia applications such as
mobile devices, car navigation systems, and digital consumer products. The features of thisLSI
arelisted intable 1.1.

Tablel.l SH7724 Features

Item Feature
Maximum e CPU core: 500 MHz
?rgzzagrgy e Internal bus: 166.7 MHz
e Peripheral bus: 41.7 MHz
CPU e 900 MIPS, 3.5 GFLOPS (at 500 MHz)
performance
Cache e Primary cache: 32 Kbytes for instructions and 32 Kbytes for data
e Secondary cache: 256 Kbytes (mixed instructions and data)
Memory e Common interface for DDR2 and Mobile-DDR: DDR333, 32-bit bus width, up
interface to 512 Mbytes connectable
¢ SRAM, NOR flash, and PCMCIA interface: 32-bit bus width, up to 83.3 MHz
On-chip e On-chip multi-codec (the VPU5F) handles various video formats (H.264,
Fuenrigir(])irsal MPEG4, VC-1), for recording and playback of video at high-definition (1280 x

720 pixel) resolution and 30 fps.

e 2D graphics accelerator achieves fast drawing of high-quality maps.

¢ Includes an LCD controller for 24-bit color TFT LCD panels and on-chip digital
video (ITU-R BT.601/656) output functionality; handles simultaneous output
for two displays.

e Dedicated DSP for 24-bit audio achieves low power consumption for all kinds
of audio processing.

e Two USB interfaces (host and function) for USB 2.0 high-speed mode

¢ MMC 4.2 interface allows connection with and booting up from NAND flash
memory.

e On-chip MAC for Ethernet (10 or 100 Mbps)

Power-down e Separate power-supply areas and support of various standby modes
function

RO1UHO174EJ0200 Rev. 2.00 Page 1 of 2354
Jan 18, 2013 RENESAS



Section1 Overview SH7724

Item Feature

Package e 449-pin BGA (0.8-mm-pitch, 21 mm x 21 mm)
e 441-pin POP (0.5-mm-pitch, 14 mm x 14 mm)
Note: Refer to the separate documentation for package information on the POP.

Power-supply e Core: 1.15 V to 1.30 V (with the VPU running at less than 125 MHz), 1.25 V

voltage to 1.35 V (with the VPU running at 125 to 166.7 MHz)
e 1/0:1.65V1t01.95Vor2.7Vto 3.6V selectable
Operating e -40°C to 85°C (449-pin BGA product)
temperature -20°C to 70°C (441-pin POP product)
Fabrication e 65-nm CMOS process
process
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12 Block Diagram

Figure 1.1 shows a block diagram of the SH7724.
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Figurel.1 SH7724 Block Diagram
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Section1 Overview SH7724

13 Overview of Module Specifications

Table 1.2 gives an overview of the specifications of each module. For detailed descriptions, refer
to the corresponding section.

Tablel.2 Overview of Module Specifications

Iltem Description

CPU o Renesas original architecture (SH-4A)
e 32-bit internal data bus
e General register file
e RISC-type instruction set (upward compatible with the SH-1, SH-2, SH-3, and SH-4)

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

e Instruction execution time: Up to two instructions/cycle

e Virtual address space: 4 Gbytes

e Space identifier ASIDs: 8 bits, 256 virtual address spaces
e Internal multiplier

e Eight-stage pipeline

Floating-point e  On-chip floating-point coprocessor
unit (FPU) e Supports single precision (32 bits) and double precision (64 bits)
e Supports IEEE754-compliant data types and exceptions
e Rounding modes: Round to Nearest and Round to Zero

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

e Floating-point registers: 32 bits x 16 words x 2 banks
(single-precision x 16 registers or double-precision x 8 registers) x 2 banks

e 32-bit CPU-FPU floating-point communication register (FPUL)
e Supports FMAC (multiply-and-accumulate) instruction

e Supports FDIV (divide) and FSQRT (square root) instructions
e Supports FLDIO/FLDI1 (load constant 0/1) instructions

e 3D graphics instructions (single-precision only)

e 10-stage pipeline
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Item Description
Memory e 4-Gbyte address space, 256 address space identifiers (8-bit ASIDs)
management unit Single-virtual-memory mode and multiple-virtual-memory mode

(MMU)
e Supports multiple page sizes: 1 Kbyte, 4 Kbytes, 8 Kbytes, 64 Kbytes, 256 Kbytes, 1

Mbyte, 4 Mbytes, and 64 Mbytes
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

e Supports 32-bit physical address expansion mode
Note:  The 29-bit physical address mode is selected in the initial state.

Cache memory e Instruction cache (IC)
— 32-Kbyte, 4-way set associative
— 32-byte block length
e Operand cache (OC)
— 32-Kbyte, 4-way set associative
— 32-byte block length
— Selectable write mode (copy-back or write-through)

e Store queue (32 bytes x 2 entries)

Secondary cache e« Mixed 256-Kbyte cache for instructions and data

(L2C) o 32-byte block length

e Write-through mode
IL memory e Three independent read/write ports
(ILRAM)

— Instruction fetch access by the CPU

— 8-/16-/32-bit operand access by the CPU

— 8-/16-/32-/64-bit and 16-/32-byte access by the SuperHyway bus master
e 16K-byte capacity

SuperHyway bus e  High-performance on-chip 64-bit-width system bus accessed with 32-bit addresses
(SHwy) e Packet router (GPR) controls transfer between the initiator and target
e [nitiator modules: SH-X2, DBG, DMAC, ICB, 2DG, ATAPI, EtherMAC, and SPU
e Dynamically controls the priority among initiators

Normal transfer: Complete LRU control

Urgent transfer: Desired priority level can be set for the target initiator
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Item Description
RS memory e On-chip RAM accessible from the CPU and SuperHyway bus master
(RSRAM) o Data retention in R-standby mode

e 2-Kbyte capacity

e Can be used to store the program for returning from R-standby mode

Interrupt e Nine independent external interrupts (NMI and IRQ7 to IRQO)

controller (INTC) — NMI: Falling or rising edge selectable

— IRQ: Falling or rising edge or high or low level selectable

e On-chip module interrupts: Priority can be set for each module
The following modules can issue on-chip module interrupts
DMAC, ATAPI, TPU, TMU, CMT, MSIOF, SCIF, SCIFA, RTC, IrDA, KEYSC, USB, IIC,
MMCIF, VPU, VIOS5 (CEU, VEU, BEU), 2DG, LCDC, VOU, JPU, ICB, 2DDMAC, TSIF,
FSI, SPU, EtherMAC, and SDHI

Bus state e Provides SRAM, burst ROM, and PCMCIA interface functions

controller (BSC) Supports external address space up to 256 Mbytes in total. The space can be divided

into areas in either of the following two ways.
— Address map 1: Six areas (areas 0, 4, 5A, 5B, 6A, and 6B)
— Address map 2: Four areas (areas 0, 4, 5, and 6)
e The following parameters can be specified for each area
— Memory type: SRAM, NOR-flash memory, burst ROM, PCMCIA
— Data bus width: 8, 16, or 32 bits selectable (only 16 or 32 bits for area 0)

— Number of wait cycles

DDR SDRAM o DDR2-SDRAM or Mobile DDR-SDRAM can be directly connected
bus state

L]
controller (DBSC)
e 32- or 16-bit data bus width

Up to 512-Mbyte physical address space

e Supports auto-refresh and self-refresh modes

e Number of banks: 4 or 8 banks (DDR2) or 4 banks (Mobile-DDR)
Note that up to four banks can be opened together in 8-bank mode.

e Burst length: Fixed at 4

e Burst type: Sequential

e CAS latency: Fixed at 3

e Power-down mode

e Deep power-down mode (only for Mobile-DDR)
e Partial self-refresh mode (only for Mobile-DDR)

e Auto-precharge mode or bank active mode
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Item Description

Direct memory e Twelve channels; two channels accept external requests

access controller Address space: 4 Gbytes on architecture

(OMAS) e Data transfer length: Bytes, words (2 bytes), longwords (4 bytes), 16 bytes, and 32
bytes
e Maximum number of transfer times: 16,777,216 times
e Addressing mode: Dual addressing mode
Transfer request selectable from three types: External request, on-chip peripheral
module request, and auto request
e On-chip peripheral module requests can be issued from the following:
SCIF, SCIFA, MSIOF, SDHI, TSIF, IrDA, USB, and MMCIF
e Bus mode: Cycle steal mode (normal mode and intermittent mode) or burst mode is
selectable
e Priority: Fixed channel priority mode or round-robin mode is selectable
e Interrupt request: Supports the interrupt request to CPU at the end of data transfer
e Repeat function: Automatically resets the transfer source, destination, and count at the
end of DMA transfer
e Reload function: Automatically resets the transfer source and destination at the end of
the specified number of DMA transfers
RO1UH0174EJ0200 Rev. 2.00 Page 7 of 2354

Jan 18, 2013 RENESAS



Section1 Overview SH7724

Item Description

Clock pulse e Three types of clock source selectable
generator (CPG) — EXTAL pin input; 10 MHz to 66.7 MHz

— RTC_CLK pin input: 32.768 KHz. RTC operating clock.
This clock can be multiplied up to the order of MHz through the FLL circuit as the
“system clock source.

— Crystal resonator: Connect to the EXTAL and XTAL pins
e Generates four types of system clocks
— CPU clock (I¢): 500 MHz max.
— SuperHyway/DDR clock (S¢): 166.7 MHz max. (DDR333 is supported)
— Bus clock (B¢): 83.4 MHz max.
— Peripheral clock (P¢): 41.7 MHz max.
e Generates specialized clocks for peripheral modules
— M1¢: Operating clock for the VPU. 166.7 MHz max.
— RCLK: RWDT and CMT operating clock
— FSICK: FSl interface clock

e Dynamic control of the system clock frequency through modification of PLL
multiplication or division ratio by software

e Supports power-down modes

— Module standby mode (stops the clock in module units)

— Sleep mode (stops the clock for the CPU core)

— Software standby mode (stops the clock inside the LSI except the 1/0O block and
RCLK operation area)

— R-standby mode (stops the power supply inside the LSI except RCLK operation
area, RS memory, and some registers)

— U-standby mode (stops the power supply inside the LSI except the I/O block and
RCLK operation area)

R watchdog timer ¢  One-channel watchdog timer operating on RCLK

(RWDT) e Can operate in power-down modes

e Generates a system reset at a counter overflow

Timer unit (TMU) e  On-chip 6-channel 32-bit timer
e Auto-reload-type 32-bit down counter

e Internal prescaler for P¢
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Item

Description

Timer pulse unit
(TPU)

On-chip 4-channel 16-bit timer
Four pulse signals can be output

Up to 4-phase PWM output is available

Compare match
timer (CMT)

On-chip 1-channel 32-bit timer (16 bits or 32 bits selectable)
Source clock: RCLK

Compare match function

Realtime clock
(RTC)

On-chip clock and calendar functions operating on RTC_CLK

Generates alarm and peripheral interrupts

Serial interface
with FIFO
(MSIOF)

Two channels
Separate internal 64-byte FIFOs for transmission and reception

Clocked synchronous serial master and slave modes. Full-duplex communication
supported.

— Supports 8-/16-bit data and 16-bit stereo audio input/output

— Supports 24-bit stereo audio input/output

— Sampling rate clock input selectable from B¢ and external pin

— Internal prescaler for B¢

SPI master and slave modes. Full-duplex communication supported.

— Serial clock (SCK) falling or rising edge selectable for data sampling timing

— SCK clock phase selectable for transmit timing. Three slave devices selectable.

— Transmit/receive data length selectable from 8 bits, 16 bits, and 32 bits

Serial
communication
interface with

Three channels (SCIFO to SCIF2)

Separate internal 16-byte FIFOs (8 bits x 16 FIFOs) for transmission and reception

FIFO (SCIF) e Supports asynchronous mode and clocked synchronous mode (master/slave)
e High-speed UART for Bluetooth
e Internal prescaler for P¢

Serial e Three channels (SCIFA3 to SCIFA5)

communication
interface with
FIFO (SCIFA)

Separate internal 64-byte FIFOs (8 bits x 64 FIFOs) for transmission and reception
Supports asynchronous mode and clocked synchronous mode (master/slave)
Modem control function (RTS, CTS) (only in SCIF3)

High-speed UART for Bluetooth

Internal prescaler for B¢

IrDA interface
(IrDA)

Conforms to version 1.2a

CRC generation function
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SH7724

Item Description
Key scan e Key scan: Chattering elimination in key input interrupt detection
'(EE::ZCS Number of input or output bits is selectable (5 inputs/6 outputs, 6 inputs/5 outputs, or 7

inputs/4 outputs)

Software standby, R-standby, and U-standby modes can be canceled by a key input

ATAPI interface o
(ATAPI)

Supports primary channel

Master and slave functions

Supports PIO modes 0 to 4, multiword DMA modes 0 to 2, and Ultra DMA modes 0 to 4
Supports descriptor mode

3.3-V 1/O interface

USB2.0 hostand e
function module
(USB)

On-chip USB2.0 host controller and function controller

Two channels of USB host controller and function controller can be switched through
register settings

Supports high-speed (480 Mbps), full-speed (12 Mbps), and low-speed (1.5 Mbps)
transfer

Internal USB transceiver
Supports all USB transfer types

Control, bulk, interrupt (high bandwidth not supported), and isochronous (high
bandwidth not supported) transfer

Up to ten pipes selectable (including the default control pipe)
Desired endpoint numbers can be assigned to pipes 1 to 9
Transfer type selectable for each pipe

Pipe 0: Control transfer

Pipes 1 and 2: Bulk or isochronous transfer

Pipes 3 to 5: Bulk transfer

Pipes 6 to 9: Interrupt transfer

Input EXTALUSB clock: 48 MHz

I°C bus interface o
(Ic)

Two channels (11IC0O and 1IC1)
Supports single master transmission and reception

Supports standard mode (100 kHz) and fast mode (400 kHz)
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Item Description

Video processing e The incorporated multi-codec (VPUSF) handles various moving-picture formats.

unit (VPU) MPEG-4 single video object plane (VPO) encoding and decoding

e Applicable standard

MPEG-4 Simple Profile

MPEG-4 H.264 (Baseline) **

JPEG Baseline (VLC requires software processing)

WMV Simple Profile MainProfile*2
Notes: 1. Some Baseline tools are not supported.

2. Some tools (Dynamic Resolution Change, B-Frame, and Range Reduction)
are not supported

e Image size: Sub-QCIF to XGA and HD (1280 x 720) supported
e Bitrate: 8 Mbps max.
o Motion detection: Layer tracking (Renesas original method)

e Rate control: Control with quantizing amount predicted (Renesas original method),
both VOP and MB supported

Video I/0 module Consists of the following three modules that provide the interface with the camera module
(VIO5) and perform image processing

e CEU (capturing engine: image capturing from camera module)
— Two channels (supports two cameras)
— Camera module interface

YCbCr data (8 or 16 bits: YCbCr 4:2:2), horizontal sync signal (HD), vertical sync
signal (VD), and binary data (such as RGB565)

— Size of captured image: 5-M pixels, 3-M pixels, 2-M pixels, UXGA, SXGA,
XGA, SVGA, VGA, CIF, QVGA, QCIF, QQVGA, Sub-QCIF

— Output image format: YCbCr (4:2:2/4:2:0)
— Image format conversion function

Reduced image generating prefilter function
YCbCr 4:2:2 — YCbCr 4:2:2, YCbCr 4:2:0
YCbCr format (Y: 8 bits; CbCr: 16 bits)
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SH7724

Item Description

Video I/O module ¢ VEUSF (video engine: image processing in memory)

(VIOS5)

Two channels

Video image processing function

Input image format: YCbCr image (Y/CbCr plane image), RGB image (packed RGB
image)

Output image format: YCbCr image (Y/CbCr plane image), RGB image (packed
RGB image)

Image processing function

Scaled image generating filter function

YCbCr —» RGB and RGB — YCbCr conversion function

Dithering function (in RGB color subtraction)
Filter processing function

Mirroring, vertical inversion, point symmetry, and +90-degree image conversion
functions

Deblocking filter

Median filter
Video image processing and filter processing combined operation

e BEU2G (blend engine: image blending)

Two channels (supports simultaneous two-plane output)
PinP function

Input image format: YCbCr image (Y/CbCr plane image), RGB image (packed RGB
image)

Output image format: YCbCr image (Y/CbCr plane image), RGB image (packed
RGB image)

Graphic processing function

Input graphic format: YCbCr/RGB image

Output graphic format: YCbCr/RGB image

PinP and graphic combined operation

Two PinP planes and one graphic plane can be blended simultaneously

Results of processing are written back to memory

Frame drop function (1/2, 1/3, 1/4, 1/5, or 1/6 drop)
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Item Description

2D graphics e Drawing functions

accelerator Four-vertex drawing, polygon drawing, line drawing, high-functional bold line drawing,
(2DG) antialiasing, raster operation/BitBLT with alpha blending

Color representation

— Source: 1, 8, or 16 bits/pixel
— Drawing: 8 or 16 bits/pixel
— Work: Binary

Screen coordinates

— Xdirection: 0 to 4095

— Y direction: 0 to 4095

LCD controller
(LCDC)

LCD panel: TFT color LCD, up to XGA and HD (1280 x 720) supported

Input data format: 12, 16, 18, or 24 bpp

LCD driver interface

— Specialized LCD bus, independent of memory bus

— RGB interface or 80-series CPU bus interface selectable

— Bus width: 8, 9, 12, 16, 18, and 24 bits supported

— One-pixel one-time, two-time, and three-time transfer modes supported

— Signal polarity and SYNC output position and width programmable in RGB interface
— Access cycle programmable in 80-series CPU bus interface

Dot clock: Bus clock, peripheral clock, or external clock selectable as the source clock

Display data fetch: Continuous mode (according to the refresh rate of the LCD panel)
and one-shot mode (according to the frame rate of the movie) are supported. Image
data only for updated sections can be fetched selectively.

Internal 256-entry, 24-bit-input/output color palette

An interrupt can be generated in frame units or at the user-specified line.

Video output unit
(VOU)

Output format: Conforms to ITU-R BT.601 and ITU-R BT.656

Output interface: Supports 16-bit Y/C separate interface and 8-bit Y/C composite
interface

Pixel frequency: 13.5 MHz (for 16-bit interface) or 27 MHz (for 8-bit interface)
Partial image display: Any background color (specified through register) + display
image

Supported image size: Sub-QCIF, QVGA, VGA, etc.
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SH7724

Item

Description

JPEG processing

e Applicable standard: JPEG baseline

unit (JPU) e Operating precision: Conforms to JPEG Part 2, ISO-IEC10918-2
e Color format: YCbCr (4:2:2/4:2:0)
e Quantization tables: Four tables provided
e Huffman tables: Four tables provided (two AC tables and two DC tables)
e Target markers: SOI, SOF0, SOS, DQT, DHT, DRI, RSTm, EOI
Media RAM e 128 Kbytes
(MERAM) e Line buffer control function of maximum 32 planes
e Can be used as the read fill buffer or write back buffer of the corresponding IP
e Can be used as the middle buffer between corresponding IPs
e Part of the frame buffer data for the LCDC is cacheable
2D DMAC e Two YCbCr planes and four RGB planes can be processed
(2DDMAC) e Supports image clipping in 1-pixel units for RGB and 2-pixel units for YCbCr

e Conversion between various RGB formats
e Images can be scaled up twice respectively in the X direction and the Y direction

e Vertical and horizontal inversion and 90° and 270° rotation

TS interface
(TSIF)

e Serial TS data input

e Filters 38 types of PIDs in total

(Note that the PID values of PAT and CAT packets are fixed. For PCR, video, and audio
packets, the PID values are predefined.)

Sound interface
with FIFO (FSI)

e 24-bit stereo

e Supports PCM and 12S formats

e Two sound input systems and two sound output systems

e Serial /0 can be directly connected to external A/D and D/A converters

e Can be directly connected to the SPU

Sound
processing unit
(SPUL)

e Two internal audio DSPs (24-bit dual MAC)
* DMA function available
e Internal 160-Kbyte RAM for programs and 264-Kbyte RAM for data
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Item Description

Ethernet e Ethernet controller conforming to the Ethernet media access control (MAC) layer
controller standard

(EtherMAC)

— Transmission and reception of Ethernet/IEEE802.3 frames
— 10-Mbps and 100-Mbps transfer
— Full-duplex and half-duplex modes
— Reduced media independent interface (RMII)
— Flow control conforming to the IEEE802.3x standard
e Specialized DMA controller
— Reduces the load on the CPU by means of a descriptor management system
— Reflects transmit/receive frame status on the descriptor
— Achieves efficient system bus utilization through block (32-byte) transfer
— Supports single-frame multi-buffer transfer

— Improves the software processing performance through padding in received data

MMC interface e  Provides Multi Media Card (MMC) and CE-ATA device control functions
(MMCIF) e Data bus: 1-bit, 4-bit, and 8-bit MMC modes supported (SPI mode not supported)
e Supports block transfer (stream transfer not supported)

e Block size for multi-block transfer: 512 bytes

e Supports the command completion signal (CE-ATA)

e NAND boot function conforming to MMC4.2

SD card host e Two channels
interface (SDHI) Supports SD memory and SDIO card interface
e Card detecting function

e Maximum operating frequency: 50 MHz (high speed supported)

1/O ports e Input or output can be selected for each input/output port independently

User break e Provides user-break interrupts for debugging

controller (UBC) Two break channels

e Addresses, data values, access types, and data sizes are all specifiable as break
conditions

e Provides sequential break functions

User debugging e  Supports E10A emulator

interface (H-UDI) e Realtime branch trace functions
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14

Pin Assignment

Figure 1.2 shows the BGA449 pin arrangement, and figure 1.3 and table 1.3 show the pin

assighment.
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Figurel.2 BGA449 Pin Arrangement (Top View)
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Figure 1.3 BGAA449 Pin Assignment (Top View)
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15 Pin Assignment (BGA449)

Table 1.3 gives the pin assignment of the BGA449 package, including multiplexed functions, and
the specifications of the I/O buffers. For details on the pin functions, refer to section 1.6, Pin
Functions or sections on the relevant modules. For the setting of multiplexed functions, refer to
section 48, Pin Function Controller (PFC). For pin states in the respective operating modes, see
appendix D, Pin States after Reset and in Power-down Modes.

e No.
Pin Number
e Ball arrangement
The arrangement of balls on the BGA449 is shown in figure 1.4.
e PinName
e Multiplexed function
Multiplexed functions are listed for each pin.
e |/O
[O: Input output (bi-directional)
e |/O buffer types
Analog, Schmitt-trigger input, open-drain output, pull-up, and pull-down
e |/O buffer power supplies
This product uses multiple 1/0O power supplies.
e Handling when unused
Handling when pins are not in use is specified. If the entry in this column is"-", the
corresponding pin must always be used.
PFC (pin function controller) register settings that relate to unused pins are prohibited.
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Section1 Overview

Table 1.3

Pin Assignment

Function (Multiplexed 1/0 Buffer
Functions Where 1/0 Buffer Power Handling when

No. Location Pin Name Applicable) 110 Type Supply unused

1 Al VSS VSS — — — —

2 A2 REFRIN1 REFRIN1 | analog pull-down

3 A3 DP1 DP1 10 analog open

4 A4 DM1 DM1 10 analog open

5 A5 REFRINO REFRINO | analog AV33_0 pull-down

6 A6 AV33 0 AV33 — — — open

7 A7 DPO DPO 10 analog DV33_0 open

8 A8 DMO DMO 10 analog DV33_0 open

9 A9 SCL1 SCL1 10 open-drain open

10 A10 PTS2 PTS2/VIO1_CLK / 10/1/0 pull-up open
SCIF5_TXD

11 All PTK7 PTK7/VIO1_D5/ 1I0/1/1/10 pull-up open
VIO0_D13 / IDED5

12 A12 PTK3 PTK3/VIO1_D1/ I0/1/1/10  pull-up open
VIOO0_D9/ IDED1

13 A13 PTH5 PTH5 / VIOO_D7 10/1 pull-up open

14 Al4 PTHO PTHO / VIOO_D2 10/1 pull-up open

15 Al5 VDD_FLL VDD_FLL — — — —

16 Al6 VDD_PLL VDD_PLL — — — —

17 A7 PTV5 PTV5/ FSIIBBCK / 10/11/1 pull-up open
MSIOF1_RXD

18 A18 PTV1 PTV1/ CLKAUDIOBO / 10/01/1 pull-up open
MSIOF1_MCK

19 Al19 PTU4 PTU4 / FSIIABCK 10/1 pull-up open

20 A20 PTUO PTUO / CLKAUDIOAO 10/0 pull-up open

21 A21 PTZ5 PTZ5/IRQ5/SCIF3_SCK 10/1/10 pull-up open

22 A22 PTX6 PTX6/DREQ1/IRDA_IN 10/1/1 pull-up open

23 A23 PTX2 PTX2/TS_SPSYNC 10/1 pull-down open

24 A24 PTN5 PTN5 / DV_CLKI 10/1 pull-down open

25 A25 VSS VSS — — — —

26 Bl EXTALUSB EXTALUSB | VCCQ pull-down
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Function (Multiplexed 1/0 Buffer
Functions Where 1/0 Buffer Power Handling when

No. Location Pin Name Applicable) lfe} Type Supply unused

27 B2 XTALUSB XTALUSB (0] VCCQ open

28 B3 AG33_1 AG33 — — — open

29 B4 AV33_1 AV33 — — — open

30 B5 DG33_1 DG33 — — — open

31 B6 AG33_0 AG33 — — — open

32 B7 DV33_0 DV33 — — — open

33 B8 DG33_0 DG33 — — — open

34 B9 PTS5 PTS5/VIO1_FLD/ 1I0/1/1171 pull-up open
TPUTI2 / IDEIORDY

35 B10 PTS4 PTS4/VIO1_HD/ 10/1710 pull-up open
SCIF5_SCK

36 B1l1 PTSO PTSO/VIO1_D6/ 107171110 pull-up open
VIO0_D14 / IDED6

37 Bl12 PTK4 PTK4/VIO1_D2/ 1I0/1/1/10  pull-up open
VIO0_D10 / IDED2

38 B13 PTH7 PTH7 / VIOO_VD 1071 pull-up open

39 Bl4 PTH3 PTH3 /VIO0_D5 1071 pull-up open

40 BI15 VSS_FLL VSS_FLL — — —

41 B16 VSS_PLL VSS_PLL — — —

42 B17 PTV3 PTV3/FSIOBBCK / I0/0/10 pull-up open
MSIOF1_TSCK

43 B18 PTE7 PTE7 / FSIMCKB 10/1 pull-up open

44 B19 PTU3 PTU3 / FSIIALRCK 10/1 pull-up open

45 B20 PTZ7 PTZ7 /IRQ7 /SCIF3_CTS 10/1/1 pull-up open

46 B21 PTX7 PTX7 / DACK1/ I0/0/0 pull-up open
IRDA_OUT

47 B22 PTX5 PTX5/TS_SDAT/ 1071171 pull-down open
LNKSTA

48 B23 PTN3 PTN3/DV_VSYNC/ 10/0/1 pull-up open
SCIF2_RXD

49 B24 PTL7 PTL7 /DV_D5/ 10/0/10/1 pull-up open

SCIF3_SCK / RMII_RXDO
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Function (Multiplexed 1/0 Buffer
Functions Where 1/0 Buffer Power Handling when

No. Location Pin Name Applicable) 110 Type Supply unused

50 B25 PTNO PTNO/DV_D6/ I0/0/0/1 pull-up open
SCIF3_RTS/
RMII_CRS_DV

51 C1 MD3 MD3 | schmitt VCCQ —

52 C2 MD1 MD1 | schmitt VCCQ —

53 C3 MD2 MD2 | schmitt VCCQ —

54 C4 AV12_1 AV12 — — — open

55 C5 DVv33_1 DV33 — — — open

56 C6 VBUS1 VBUS1 | - pull-down

57 C7 AG12_0 AG12 — — — open

58 C8 AV12_0 AV12 — — — open

59 C9 VBUSO VBUSO | DV33_0 pull-down

60 C10 SDAl SDA1l 10 open-drain open

61 C11 PTS6 PTS6 / VIO_CKO I0/0 pull-up open

62 C12 PTK5 PTK5/VIO1_D3/ I0/1/1/10  pull-up open
VIOO_D11/IDED3

63 C13 PTK1 PTK1/VIOO_FLD 1071 pull-up open

64 Cl4 PTH6 PTH6 / VIOO_CLK 10/1 pull-up open

65 C15 PTH1 PTH1/VIO0_D3 1071 pull-up open

66 C16 PTV7 PTV7 /FSIIBSD / 10/1710 pull-up open
MSIOF1_SS2/
MSIOF1_RSYNC

67 C17 PTV4 PTV4 / FSIIBLRCK / I0/1/0 pull-up open
MSIOF1_TSYNC

68 Ci18 PTU2 PTU2 / FSIOABCK 10/0 pull-up open

69 C19 PTZ6 PTZ6/IRQ6 / SCIF3_RTS 10/1/0 pull-up open

70 C20 PTZ3 PTZ3/IRQ3/SCIF3_TXD 10/1/0 pull-up open

71 Cc21 SDAO SDAO 10 open-drain open

72 C22 PTX3 PTX3/TS_SDEN/MDC I0/1/10 pull-down open

73 C23 PTN1 PTN1/DV_D7/ I0/0/1/1  pull-up open
SCIF3_CTS/
RMII_RX_ER
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Function (Multiplexed 1/0 Buffer
Functions Where 1/0 Buffer Power Handling when

No. Location Pin Name Applicable) 110 Type Supply unused

74 C24 PTL5 PTL5/DV_D3/ I0/0/0/1 pull-up open
SCIF3_TXD /
RMII_REF_CLK

75 C25 PTL3 PTL3/DV_D1/ 10/0/1710  pull-up open
SCIF1_RXD / RMII_TXDO

76 D1 RESETA RESETA | schmitt VCCQ pull up

77 D2 RTC_CLK RTC_CLK | schmitt VCCQ pull up/pull-down or Vss

78 D3 TSTMD TSTMD | schmitt VCCQ pull up

79 D4 MD5 MD5 [ schmitt VCCQ —

80 D5 AG12_1 AG12 — — — open

81 D6 UG12_1 UG12 — — — open

82 D7 DG12_1 DG12 — — — open

83 D8 UG12_0 UG12 — — — open

84 D9 DG12_0 DG12 — — — open

85 D10 PTS3 PTS3/VIO1_VD/ 1071171 pull-up open
SCIF5_RXD

86 D11 PTS1 PTS1/VIO1_D7/ 1I0/1/1/10  pull-up open

VIOO0_D15/ IDED7

87 D12 PTK6 PTK6/VIO1_D4 / I0/1/1/10  pull-up
VIOO_D12 / IDED4

open

88 D13 PTK2 PTK2/VIO1_DO/ 1I0/1/1/10  pull-up open
VIO0_D8 / IDEDO
89 D14 PTH4 PTH4 / VIO0_D6 1071 pull-up open
90 D15 PTN6 PTN6 / VIOO_DO 1071 pull-up open
91 D16 PTV6 PTV6 / FSIOBSD / I0/0/10 pull-up open
MSIOF1_SS1/
MSIOF1_RSCK
92 D17 PTV2 PTV2 / FSIOBLRCK / I0/0/0 pull-up open
MSIOF1_TXD
93 D18 PTUS PTU5 / FSIOASD 10/0 pull-up open
94 D19 PTZ4 PTZ4/IRQ4/SCIF3_RXD 10/1/1 pull-up open
95 D20 PTX4 PTX4/TS_SCK/ MDIO 1I0/1710 schmitt, open
pull-down
96 D21 SCLO SCLO 10 open-drain open
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Function (Multiplexed 1/0 Buffer
Functions Where 1/0 Buffer Power Handling when

No. Location Pin Name Applicable) 110 Type Supply unused

97 D22 PTN2 PTN2 / DV_HSYNC / I0/0/0 pull-up open
SCIF2_TXD

98 D23 PTL2 PTL2/DV_DO/ I0/O0/0/0 pull-up open
SCIF1_TXD / RMII_TXD1

99 D24 PTM7 PTM7/DV_D13/ I0/0/10 pull-up open
MSIOF0_TSCK

100 D25 PTLO PTLO/DV_D14/ I0/0/10 pull-up open
MSIOF0_MCK

101 E1 PDSTATUS PTJ7 /| PDSTATUS o/0 VCCQ open

102 E2 RESETOUT RESETOUT (0] VCCQ open

103 E3 STATUS2 PTJ6 / STATUS2 o/0 VCCQ open

104 E4 MD8 MD8 | schmitt VCCQ

105 E5 VSS VSS — — —

106 E6 uviz_1 uvi12 — — — open

107 E7 Dvi12_1 DV12 — — — open

108 E8 uviz_0 uvi12 — — — open

109 E9 DVv12_0 Dvi12 — — — open

110 E10 VSS VSS — — —

111 E11 VCCQ_VIO VCCQ_VIO — — —

112 E12 VCCQ_VIO VCCQ_VIO — — —

113 E13 PTKO PTKO / VIOO_HD 10/1 pull-up open

114 E14 PTH2 PTH2 / VIOO_D4 10/1 pull-up open

115 E15 PTN7 PTN7 /VIOO_D1 10/1 pull-up open

116 E16 PTVO PTVO/ FSIIASD 10/1 pull-up open

117 E17 PTE6 PTE6 / FSIMCKA 1071 pull-up open

118 E18 PTUL PTU1 / FSIOALRCK I0/0 pull-up open

119 E19 VCCQ_SR VCCQ_SR — — —

120 E20 VCCQ_SR VCCQ_SR — — —

121 E21 VCCQ_SR VCCQ_SR — — —

122 E22 PTL1 PTL1/DV_D15 10/0 pull-up open

123 E23 PTM6 PTM6/DV_D12/ 10/0/1 pull-up open
MSIOFO_RXD
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Function (Multiplexed 1/0 Buffer
Functions Where 1/0 Buffer Power Handling when
No. Location Pin Name Applicable) 110 Type Supply unused
124 E24 PTM5 PTM5/DV_D11/ I0/0/0 pull-up open
MSIOFO_TXD
125 E25 PTM4 PTM4 /DV_D10/ I0/0/10 pull-up open
MSIOFO_TSYNC
126 F1 TCK TCK | pull-up VCCQ open
127 F2 TST TST | VCCQ pull-up
128 F3 BOOT BOOT | schmitt VCCQ —
129 F4 MDO MDO | schmitt VCCQ —
130 F5 VSS VSS — — — _
131 F21 VSS VSS — — — —
132 F22 PTN4 PTN4 /DV_CLK/ I0/0/10 pull-up open
SCIF2_SCK
133 F23 PTM3 PTM3/DV_D9/ I0/0/10 pull-up open
MSIOF0_SS1/
MSIOF0_RSCK
134 F24 PTZ1 PTZ1/IRQ1 1071 pull-up VCCQ1 open
135 F25 PTZ0 PTZ0/IRQO 1071 pull-up VCCQ1 open
136 G1 TDO TDO (o) VCCQ open
137 G2 TDI TDI | pull-up VCCQ open
138 G3 T™MS T™MS | pull-up VCCQ open
139 G4 RESETP RESETP | schmitt VCCQ —
140 G5 VCCQ VCCQ — — — _
141 G21 VSS VSS — — — —
142 G22 PTL6 PTL6 /DV_D4/ I0/0/1/1  pull-up open
SCIF3_RXD / RMII_RXD1
143 G23 PTU7 PTU7 / DACKO I0/0 pull-up VCCQ1 open
144 G24 PTUG6 PTU6 / DREQO 1071 pull-up VCCQ1 open
145 G25 CKO CKO (o} VCCQ1 open
146 H1 PTG2 PTG2 / AUDATA2 o/0 VCCQ open
147 H2 PTG1 PTG1/AUDATAl O/0 VCCQ open
148 H3 PTGO PTGO / AUDATAO o/0 VCCQ open
149 H4 STATUSO PTJ5/ STATUSO o/0 VCCQ open
150 H5 VCCQ VCCQ — — — _
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Function (Multiplexed 1/0 Buffer
Functions Where 1/0 Buffer Power Handling when
No. Location Pin Name Applicable) 110 Type Supply unused
151 H21 VCCQ1 VCCQ1 — — — —
152 H22 PTL4 PTL4/DV_D2/ I0/0/10/0 pull-up open
SCIF1_SCK/
RMII_TX_EN
153 H23 WAIT PTR2 / WAIT 171 pull-up VCCQ1 open
154 H24 CS6A PTR6 / CS6A/CE2B I0/0 pull-up VCCQ1 open
155 H25 IOIS16 PTR3/10IS16 / LCDLCLK [/1/1 — VCCQ1 open
156 J1 EXTAL EXTAL | VCCQ pull-down
157 J2 PTG4 PTG4 / AUDSYNC O/0 VCCQ open
158 J3 PTG3 PTG3 / AUDATA3 o/0 VCCQ open
159 J4 TRST TRST | schmitt VCCQ pull-down
160 J5 VSS VSS — — — —
161 J21 VCCQ1 VCCQ1 — — — —
162 J22 PTM2 PTM2/DV_D8/ I0/0/10 pull-up open
MSIOF0_SS2/
MSIOFO_RSYNC
163 J23 CSeéB PTR7 / CS6B/CE1B I0/0 pull-up VCCQ1 open
164 J24 Cs4 CS4 o VCCQ1 open
165 J25 CS5A PTR4 / CS5A/CE2A I0/0 pull-up VCCQ1 open
166 K1 XTAL XTAL (0] VCCQ open
167 K2 ASEBRKBRKAK ASEBRK/BRKAK 10 VCCQ open
168 K3 MPMD MPMD | schmitt VCCQ —
169 K4 PTG5 PTG5 / AUDCK O/0 VCCQ open
170 K5 VSS VSS — — — —
171 K10 VDD VDD — — — —
172 K11 VDD VDD — — — —
173 K12 VSS VSS — — — —
174 K13 VSS VSS — — — —
175 K14 VSS VSS — — — —
176 K15 VDD VDD — — — —
177 K16 VDD VDD — — — —
178 K21 VCCQ1 VCCQ1 — — — —
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Function (Multiplexed 1/0 Buffer
Functions Where 1/0 Buffer Power Handling when

No. Location Pin Name Applicable) 110 Type Supply unused

179 K22 CS5B PTR5 / CS5B/CETA 10/0 pull-up VCCQ1 open

180 K23 CS0 CSo0 o VCCQ1 open

181 K24 RD RD o] VCCQ1 open

182 K25 WET WET o VCCQ1 open

183 L1 PTW2 PTW2/MMC_D2/ I0/10/10 pull-up VCCQ_MMC open
SDHI1DO

184 L2 PTW1 PTW1/MMC_D1/ 10/10/10 pull-up VCCQ MMC open
SDHI1ICMD

185 L3 PTWO PTWO / MMC_DO / I0/10/0 pull-up VCCQ_MMC open
SDHI1CLK

186 L4 NMI NMI | schmitt VCCQ pull-up

187 L5 VSS VSS — — — —

188 L10 VDD VDD — — — —

189 L11 VSS VSS — — — —

190 L12 VSS VSS — — — —

191 L13 VSS VSS — — — _

192 L14 VSS VSS — — — —

193 L15 VSS VSS — — — —

194 L16 VDD VDD — — — —

195 L21 VSS VSS — — — —

196 L22 RDWR RDWR (@) VCCQ1 open

197 L23 WEO WEO o VCCQ1 open

198 L24 A25 PTJ3/A25/BS I0/0/0 pull-up VCCQ1 open

199 L25 A24 PTJ2/ A24 I0/0 pull-up VCCQ1 open

200 M1 PTW5 PTW5 / MMC_D5 / I0/10/10/0 pull-up VCCQ MMC open
SDHI1D3 / EXBUF_ENB

201 M2 PTW6 PTW6 / MMC_D6 / I0/10/1/0  pull-up VCCQ_MMC open
SDHI1IWP / IDERST

202 M3 PTW4 PTW4 / MMC_D4 / I0/10/10/0 pull-up VCCQ _MMC open
SDHI1D2 / DIRECTION

203 M4 PTW3 PTW3/MMC_D3/ 10/10/10 pull-up VCCQ MMC open
SDHI1D1

204 M5 VCCQ_MMC VCCQ_MMC — — — —
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Function (Multiplexed 1/0 Buffer

Functions Where 1/0 Buffer Power Handling when
No. Location Pin Name Applicable) 110 Type Supply unused
205 M10 VDD VDD — — — —
206 M11 VSS VSS — — — —
207 M12 VSS VSS — — — —
208 M13 VSS VSS — — — —
209 M14 VSS VSS — — — _
210 M15 VSS VSS — — — —
211 M16 VDD VDD — — — —
212 M21 VCCQ1 VCCQ1 — — — —
213 M22 A22 PTJO / A22 I10/0 pull-up VCCQ1 open
214 M23 A21 A21 (0] VCCQ1 open
215 M24 A23 PTJ1/A23 I0/0 pull-up VCCQ1 open
216 M25 A20 A20 (0] VCCQ1 open
217 N1 PTW7 PTW7 / MMC_D7 / I0/10/1/0 pull-up VCCQ MMC open

SDHI1CD / IODACK
218 N2 PTYO PTYO / SDHIOCLK 10/0 pull-up VCCQ _SDC open
219 N3 PTX0 PTX0 / MMC_CMD 10/10 pull-up VCCQ MMC open
220 N4 PTX1 PTX1/MMC_CLK 10/0 pull-up VCCQ _MMC open
221 N5 VCCQ_MMC  VCCQ_MMC — — — —
222 N10 VDD VDD — — — —
223 N11 VSS VSS — — — —
224 N12 VSS VSS — — — —
225 N13 VSS VSS — — — —
226 N14 VSS VSS — — — —
227 N15 VSS VSS — — — —
228 N16 VDD VDD — — — —
229 N21 VCCQ1 VCCQ1 — — — —
230 N22 Al7 Al17 (0] VCCQ1 open
231 N23 Al6 Al6 (6] VCCQ1 open
232 N24 A19 A19 (6] VCCQ1 open
233 N25 Al5 Al5 o VCCQ1 open
234 P1 PTY1 PTY1/ SDHIOCMD 10/10 pull-up VCCQ _SDC open
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Function (Multiplexed 1/0 Buffer

Functions Where 1/0 Buffer Power Handling when
No. Location Pin Name Applicable) 110 Type Supply unused
235 P2 PTY2 PTY2 / SDHIODO 10/10 pull-up VCCQ _SDC open
236 P3 PTY4 PTY4 / SDHIOD2 10/10 pull-up VCCQ _SDC open
237 P4 PTY6 PTY6 / SDHIOWP 10/1 pull-up VCCQ_SDC open
238 P5 VCCQ_SDC VCCQ_SDC — — — —
239 P10 VDD VDD — — — —
240 P11 VSS VSS — — — —
241 P12 VSS VSS — — — —
242 P13 VSS VSS — — — —
243 P14 VSS VSS — — — —
244 P15 VSS VSS — — — —
245 P16 VDD VDD — — — —
246 P21 All All (0] VCCQ1 open
247 P22 Al18 A18 (6] VCCQ1 open
248 P23 A10 A10 (6] VCCQ1 open
249 P24 Al4 Al4 (0] VCCQ1 open
250 P25 Al13 Al13 (6] VCCQ1 open
251 R1 PTY5 PTY5/ SDHIOD3 10/10 pull-up VCCQ_SDC open
252 R2 PTY7 PTY7 / SDHIOCD 10/1 pull-up VCCQ_SDC open
253 R3 PTZ2 PTZ2/IRQ2 10/1 pull-up VCCQ_SDC open
254 R4 PTY3 PTY3/ SDHIOD1 10/10 pull-up VCCQ_SDC open
255 R5 VCCQ_SDC VCCQ_SDC — — — —
256 R10 VDD VDD — — — —
257 R11 VSS VSS — — — —
258 R12 VSS VSS — — — —
259 R13 VSS VSS — — — —
260 R14 VSS VSS — — — —
261 R15 VSS VSS — — — —
262 R16 VDD VDD — — — —
263 R21 WE3 PTR1 / WE3/ICIOWR / I0/0/0/1 pull-up VCCQ1 open

TPUTO3/ TPUTI3
264 R22 A3 A3 O VCCQ1 open
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Function (Multiplexed 1/0 Buffer
Functions Where 1/0 Buffer Power Handling when
No. Location Pin Name Applicable) 110 Type Supply unused
265 R23 A5 A5 O VCCQ1 open
266 R24 A9 A9 O VCCQ1 open
267 R25 Al12 Al12 (0] VCCQ1 open
268 T1 PTCO PTCO / LCDDO 10/10 pull-up VCCQ LCD open
269 T2 PTC1 PTC1/LCDD1 10/10 pull-up VCCQ_LCD open
270 T3 PTC3 PTC3/LCDD3 10/10 pull-up VCCQ LCD open
271 T4 PTC6 PTC6 /LCDD6 10/10 pull-up VCCQ_LCD open
272 T5 VSS VSS — — — —
273 T10 VDD VDD — — — —
274 T11 VDD VDD — — — —
275 T12 VSS VSS — — — —
276 T13 VSS VSS — — — —
277 T14 VSS VSS — — — —
278 T15 VDD VDD — — — —
279 T16 VDD VDD — — — —
280 T21 VSS VSS — — — —
281 T22 D31 PTB7/D31/TPUTO1/ I0/10/0/0 pull-up VCCQ1 open
IDEAL
282 T23 A4 A4 O VCCQ1 open
283 T24 A7 A7 o) VCCQ1 open
284 T25 A8 A8 O VCCQ1 open
285 Ul PTC2 PTC2/LCDD2 10/10 pull-up VCCQ_LCD open
286 U2 PTC4 PTC4 / LCDD4 10/10 pull-up VCCQ_LCD open
287 U3 PTDO PTDO / LCDD8 10/10 pull-up VCCQ LCD open
288 U4 PTD4 PTD4 / LCDD12 10/10 pull-up VCCQ_LCD open
289 U5 VCCQ_LCD VCCQ_LCD — — — —
290 U21 VCCQ1 VCCQ1 — — — —
291 U22 D21 PTA5/D21/KEYOUTO/ 10/10/0/10 pull-up VCCQ1 open
IDED13
292 U23 WE2 PTRO / WE2/ICIORD / I0/0/0/0 pull-up VCCQ1 open
TPUTO2 / IDEA2
293 U24 A2 A2 O VCCQ1 open
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Function (Multiplexed 1/0 Buffer
Functions Where 1/0 Buffer Power Handling when
No. Location Pin Name Applicable) 110 Type Supply unused
294 U25 A6 A6 O VCCQ1 open
295 V1 PTC5 PTC5 / LCDD5 10/10 pull-up VCCQ LCD open
296 V2 PTC7 PTC7 /LCDD7 10/10 pull-up VCCQ_LCD open
297 V3 PTD3 PTD3/LCDD11 10/10 pull-up VCCQ LCD open
298 V4 PTEO PTEO/LCDD16 10/10 pull-up VCCQ_LCD open
299 V5 VCCQ_LCD VCCQ_LCD — — — —
300 V21 VCCQ1 VCCQ1 — — — —
301 v22 D15 PTT7 /D15 10/10 pull-down VCCQ1 open
302 V23 D27 PTB3 /D27 /IDECST I0/10/0 pull-up VCCQ1 open
303 V24 D30 PTB6/ D30/ TPUTOO / I0/10/0/0 pull-up VCCQ1 open
IDEAO
304 V25 Al Al O VCCQ1 open
305 Wi PTD1 PTD1/LCDD9 10/10 pull-up VCCQ_LCD open
306 W2 PTD2 PTD2/LCDD10 10/10 pull-up VCCQ LCD open
307 W3 PTD6 PTD6 / LCDD14 10/10 pull-up VCCQ_LCD open
308 w4 PTE4 PTE4 /LCDD20 / I0/10/10 pull-down [VCCQ_LCD open
SCIF4_SCK
309 W5 VCCQ_LCD VCCQ_LCD — — — —
310 w21 VCCQ1 VCCQ1 — — — —
311 w22 D23 PTA7/D23/KEYOUT2/ 10/10/0/10 pull-up VCCQ1 open
IDED15
312 w23 D24 PTBO /D24 /KEYOUT3/ 10/10/0/1 pull-up VCCQ1 open
IDEINT
313 w24 D28 PTB4 / D28 / IDECSO I0/10/0 pull-up VCCQ1 open
314 W25 AO AO O VCCQ1 open
315 Y1 PTD5 PTD5 / LCDD13 10/10 pull-up VCCQ LCD open
316 Y2 PTD7 PTD7 /LCDD15 10/10 pull-up VCCQ_LCD open
317 Y3 PTE1 PTE1/LCDD17 10/10 pull-up VCCQ LCD open
318 Y4 PTF7 PTF7 / LCDVSYN 10/10 pull-up VCCQ_LCD open
319 Y5 VSS VSS — — — —
320 Y21 VSS VSS — — — —
321 Y22 D7 PTQ7 /D7 10/10 pull-down VCCQ1 open
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322 Y23 D20 PTA4 /D20 /KEYIN4 / I0/10/1710 pull-up VCCQ1 open
IDED12

323 Y24 D26 PTB2/ D26/ I0/10/10/0 pull-up VCCQ1 open
KEYOUTS5/IN5 / IDEIORD

324 Y25 D29 PTB5/ D29/ IODREQ 1071071 pull-up VCCQ1 open

325 AAl PTE2 PTE2/LCDD18 / I0/10/0 pull-down [VCCQ_LCD open
SCIF4_TXD

326 AA2 PTE3 PTE3/LCDD19/ 10710171 pull-down [VCCQ_LCD open
SCIF4_RXD

327 AA3 PTFO PTFO/LCDD22/ 10/101/1 pull-down 'VCCQ_LCD open
SCIF2_RXD

328 AA4 PTF3 PTF3/LCDDCK /LCDWR 10/0/0 pull-up VCCQ LCD open

329 AA5 VSS VSS — — — —

330 AA6 VSS VSS — — — —

331 AA7 MVREFO MVREFO | analog - open

332 AA8 VCCQ_DDR VCCQ_DDR — — — —
333 AA9 VCCQ_DDR VCCQ_DDR — — — —
334 AA10 VSS VSS — — — —

335 AAl1l VCCQ_DDR VCCQ_DDR — — —

336 AA12  VCCQ DDR  VCCQ _DDR — — —

337 AA13 VSS VSS — — —

338 AAl4  VCCQ DDR  VCCQ _DDR — — —

339 AA15  VCCQ DDR  VCCQ _DDR — — —

340 AA16 VSS VSS — — —

341 AA17 MVREF1 MVREF1 | analog - open

342 AA18 VCCQ_DDR VCCQ_DDR — — —

343 AA19  VCCQ DDR  VCCQ _DDR — — —

344 AA20 VSS VSS — — — —

345 AA21 VSS VSS — — — —

346 AA22 D11 PTT3/D11 10/10 pull-down VCCQ1 open

347 AA23 D16 PTAO /D16 / KEYINO / I0/10/1/10 pull-up VCCQ1 open
IDED8
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Functions Where 1/0 Buffer Power Handling when
No. Location Pin Name Applicable) 110 Type Supply unused
348 AA24 D19 PTA3 /D19 /KEYIN3/ I0/10/1710 pull-up VCCQ1 open
IDED11
349 AA25 D25 PTB1/D25/ I0/10/10/0 pull-up VCCQ1 open
KEYOUT4/IN6 / IDEIOWR
350 AB1 PTES5 PTE5/LCDD21/ I0/10/0 pull-down [VCCQ_LCD open
SCIF2_TXD
351 AB2 PTF2 PTF2/ LCDVEPWC / I0/0/0 pull-up VCCQ_LCD open
SCIFO_TXD
352 AB3 PTF4 PTF4 / LCDDON 10/0 pull-up VCCQ LCD open
353 AB4 PTMO PTMO / LCDRD / I0/0/10 pull-up VCCQ_LCD | open
SCIFO_SCK
354 AB5 MSLD MSLD | —
355 AB6 MDQ1 MDQ1 10 open
356 AB7 MDQMO MDQMO (6] open
357 AB8 MDQSO0 MDQSO0 10 open
358 AB9 MDQ2 MDQ2 10 open
359 AB10 MA9 MA9 o open
360 AB11 MCKE MCKE (0] open
361 AB12 MA4 MA4 o open
362 AB13 MCAS MCAS 0 open
363 AB14 MAS8 MAS8 o open
364 AB15 MCLK MCLK (0] open
365 AB16 MDQ17 MDQ17 10 open
366 AB17 MDQ22 MDQ22 10 open
367 AB18 MDQS2 MDQS2 10 open
368 AB19 MDQ16 MDQ16 10 open
369 AB20 DO PTQO /DO 10710 pull-down VCCQ1 open
370 AB21 D3 PTQ3/D3 10/10 pull-down VCCQ1 open
371 AB22 D8 PTTO /D8 10710 pull-down VCCQ1 open
372 AB23 D12 PTT4 /D12 10/10 pull-down VCCQ1 open
373 AB24 D17 PTA1 /D17 / KEYIN1/ I0/10/1710 pull-up VCCQ1 open

IDED9
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374 AB25 D22 PTA6 /D22 /KEYOUT1/ 10/10/0/10 pull-up VCCQ1 open
IDED14
375 AC1 PTF1 PTF1/LCDD23/ I0/10/10 pull-down 'VCCQ_LCD open
SCIF2_SCK
376 AC2 PTF5 PTF5/LCDHSYN / I0/0/0 pull-up VCCQ_LCD | open
LCDCS
377 AC3 PTM1 PTM1/LCDVCPWC / 10/0/1 pull-up VCCQ_LCD open
SCIFO_RXD
378 AC4 VSS VSS — — — —
379 AC5 MDQ4 MDQ4 10 open
380 AC6 MDQ3 MDQ3 10 open
381 AC7 MDQ6 MDQ6 10 open
382 AC8 MDQSO0 MDQS0 10 open
383 AC9 MDQO MDQO 10 open
384 AC10 MA7 MA7 (0] open
385 AC1l1 MA1 MA1 (0] open
386 AC12 MAS5 MAS5 (0] open
387 AC13 MAO MAO (0] open
388 AC14 MA12 MA12 (0] open
389 AC15 MCLK MCLK 0 open
390 AC16 MDQ20 MDQ20 10 open
391 AC17 MDQM2 MDQM2 o} open
392 AC18 MDQS2 MDQS2 10 open
393 AC19 MDQ23 MDQ23 10 open
394 AC20 MDQ18 MDQ18 10 open
395 AC21 D1 PTQ1/D1 10/10 pull-down VCCQ1 open
396 AC22 D5 PTQ5 /D5 10/10 pull-down VCCQ1 open
397 AC23 D10 PTT2/D10 10710 pull-down VCCQ1 open
398 AC24 D13 PTT5/D13 10/10 pull-down VCCQ1 open
399 AC25 D18 PTA2 /D18 /KEYIN2 / I0/10/1710 pull-up VCCQ1 open
IDED10
400 AD1 PTF6 PTF6/LCDDISP/LCDRS 10/0/0 pull-up VCCQ_LCD open
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401 AD2 VSS VSS — — — —
402 AD3 MDQ12 MDQ12 10 open
403 AD4 MDQ14 MDQ14 10 open
404 AD5 MDQM1 MDQM1 (0] open
405 AD6 MDQS1 MDQSH1 10 open
406 AD7 MDQ15 MDQ15 10 open
407 AD8 MDQ13 MDQ13 10 open
408 AD9 MDQ5 MDQ5 10 open
409 AD10 MA3 MA3 (0] open
410 AD11 MBA2 MBA2 (o} open
411 AD12 MBA1 MBA1 (0] open
412 AD13 MRAS MRAS 0 open
413 AD14 MCS MCS (0] open
414 AD15 MAG6 MA6 (0] open
415 AD16 MDQ19 MDQ19 10 open
416 AD17 MDQ27 MDQ27 10 open
417 AD18 MDQ25 MDQ25 10 open
418 AD19 MDQS3 MDQS3 10 open
419 AD20 MDQ24 MDQ24 10 open
420 AD21 MDQ26 MDQ26 10 open
421 AD22 MDQ21 MDQ21 10 open
422 AD23 D6 PTQ6 / D6 10710 pull-down VCCQ1 open
423 AD24 D9 PTT1/D9 10/10 pull-down VCCQ1 open
424 AD25 D14 PTT6/D14 10/10 pull-down VCCQ1 open
425 AE1 VSS VSS — — — —
426 AE2 VCCQ DDR  VCCQ _DDR — — — —
427 AE3 MDQ9 MDQ9 10 open
428 AE4 MDQ11 MDQ11 10 open
429 AE5 MDQS1 MDQS1 10 open
430 AE6 MDQ8 MDQ8 10 open
431 AE7 MDQ10 MDQ10 10 open
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432 AES8 MDQ7 MDQ7 10 open
433 AE9 MA13 MA13 (0] open
434 AE10 MA10 MA10 (o} open
435 AE11l MBAO MBAO (0] open
436 AE12 MWE MWE 0 open
437 AE13 MODT MODT (0] open
438 AE14 MA2 MA2 (o} open
439 AE15 MA11 MA11 (o} open
440 AE16 MDQ28 MDQ28 10 open
441 AE17 MDQ30 MDQ30 10 open
442 AE18 MDQM3 MDQM3 o open
443 AE19 MDQS3 MDQS3 10 open
444 AE20 MDQ31 MDQ31 10 open
445 AE21 MDQ29 MDQ29 10 open
446 AE22 VCCQ_DDR  VCCQ_DDR — — — —
447 AE23 D2 PTQ2/D2 10710 pull-down VCCQ1 open
448 AE24 D4 PTQ4 /D4 10710 pull-down VCCQ1 open
449 AE25 VSS VSS — — — —
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1.6 Pin Functions

Table 1.4 lists the pin functions. For details of pin multiplexing, refer to section 48, Pin Function
Controller (PFC). For pin states and handling of unused pins, refer to Appendix, Pin States at

Reset and in Power-Down Modes.

Tablel.4 Pin Functions
Classification Symbol 110 Function Description
Power supply VDD | Core power supply  Core power supply: 1.15V to 1.3V
VSS | Ground Ground pin: 0 V
VCCQ | 1/0 power supply Power supply for I/O pins: 2.7 Vto 3.6 V
VCCQ1 | 1/0 power supply Power supply for BSC and DMACO 1/O
pins: 1.8 V or 3.3 V selectable
VCCQ_LCD | 1/0 power supply Power supply for LCDC /O pins: 1.8 V
or 3.3V selectable
VCCQ_MMC | 1/0 power supply Power supply for MMC 1/O pins: 1.8 V or
3.3 V selectable
VCCQ_SDC | 1/0 power supply Power supply for SDHIO I/O pins: 3.3 V
VCCQ_SR | 1/0 power supply Power supply for serial 1/O pins: 1.8 V or
3.3 V selectable
VCCQ_VIO | 1/0 power supply Power supply for VIO and 12C_1 1/O
pins: 1.8 V or 3.3 V selectable
DV33, DV12, | USB power supply DV33: USB digital 3.3-V power supply

AV33, AV12, UV12

DV12: USB digital 1.2-V power supply
AV33: USB analog 3.3-V power supply
AV12: USB analog 1.2-V power supply
UV12: USB digital 1.2-V power supply

DG33, DG12, |
AG33, AG12, UG12

USB ground

DG33: DV33 ground
DG12: DV12 ground
AG33: AV33 ground
AG12: AV12 ground
UG12: DV12 ground

VCCQ_DDR | DDR 1/O power 1.8-V power supply for DDR-10
supply
VDD_PLL | PLL power supply 1.2-V power supply for on-chip PLL
VSS_PLL | PLL ground Ground pin for on-chip PLL
VDD_FLL | FLL power supply 1.2-V power supply for on-chip FLL
VSS_FLL | FLL ground Ground pin for on-chip FLL
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Classification Symbol 110 Function Description

Clock EXTAL | External clock Connect the external clock or a crystal
resonator. When this pin is not used,
connect it to Vss.

XTAL O Clock output Connect a crystal resonator. When no
crystal resonator is used, leave this pin
open.

RTC_CLK | RTC clock Input the 32.768-kHz RTC clock. When
this pin is not used, pull it up or connect
it to Vss.

FSIMCKA | External clock for FSI External clock input for the FSI module

FSIMCKB interface

EXTALUSB | USB clock 48-MHz clock pin for the USB. Connect
a crystal resonator between EXTALUSB

XTALUSB (0] USB clock . )
and XTALUSB. When inputting an
external clock, connect it to EXTALUSB
and leave XTALUSB open.

Operating mode MD8, MD5, | Mode setting These pins set operating mode. MD2 to
control TSTMD, MD3, MD2, MDO are for setting clock mode; MD3 for

MD1, MDO setting bus width; MD5 for setting
endian. For details of settings, refer to
the descriptions of the BSC and CPG.
MD8 and TSTMD are for testing; fix MD8
at VeccQ or GND and fix TSTMD at
VceQ. Do not change any of these pins
during operation.

System control RESETP | Power-on reset Power-on reset pin

RESETOUT (o] Reset output This pin goes low while the LSl is in
power-on reset or system reset state.

RESETA I Reset input System reset pin

STATUSO O Status output This pin goes high while the LSl is in
software standby state.

STATUS2 O Status output This pin goes high while the LSl is in R-
standby state.

PDSTATUS O Power-down status  This pin goes high while the internal

output

power switch is off in software standby
or R-standby state.

RO1UH0174EJ0200 Rev. 2.00
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Classification Symbol 110 Function Description
System control BOOT | Boot mode input Specifies boot from the NAND flash
connected through the MMCIF. Fix this
pin at a high level for NAND boot and fix
it at a low level for boot from area 0.
TST I Test pin Pin for testing the LSI before shipment.
Fix it at VceQ.
Interrupt NMI | Non-maskable NMI request pin. When this pin is not
interrupt used, fix it at a high level.
IRQ7 to IRQO | Interrupt requests 7 to IRQ request pins. Either level input or
0 edge input is selectable.
BSC A25 to AO O Address bus Address output
(external D31 to DO I/0 Data bus Bidirectional data bus
memory bus)
CS0,CS4,CS5A, O Chip select Chip select
CS5B, CS6A, CS6B
CKO O System clock System clock output
RD (o] Read strobe Read strobe
RDWR O Read/write Read/write
WES3 to WEO O Write enable 3to0  Write enable
WAIT | Wait External wait cycle request input
BS 0 Bus start Indicates the start of a bus cycle. Itis
asserted when the normal space, burst
ROM, or PCMCIA is accessed.
CE1A, CE2A O PCMCIA card select PCMCIA card select signals
CE1B, CE2B
ICIOWR O PCMCIA IO write Strobe signal indicating 1/0 write
ICIORD (6] PCMCIA IO read Strobe signal indicating I/O read
WE O PCMCIA memory Strobe signal indicating a memory write
write cycle
10IS16 | PCMCIA 16-bit I/O Indicates the 16-bit 1/0 in PCMCIA.

It is valid only in little endian; fix it at a
low level in big endian.
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DBSC MA13 to MAO O Address bus Address output
(DDR bus) MBAZ2 to MBAO O Bank address Bank address output
MDQ31 to MDQO 110 Data bus Bidirectional data bus
MCS O Chip select Chip select output signal
MCLK, MCLK 0 Synchronizing clock DDR-SDRAM clock output
MWE O Write enable Write enable output signal
MDQM3 to MDQMO O Data mask 3 to O Data mask output signals
MDQS3 to MDQSO 1/O0 Data strobe Data strobe input/output signals
MDQS3 to MDQSO0 I/0 Data strobe Data strobe input/output signals
MCAS (6] Column address Column address strobe output signal
strobe
MRAS O Row address strobe  Row address strobe output signal
MCKE O Clock enable Clock enable output signal
MSLD | Memory select Memory type select input signal.
Fix it at a low level when DDR2-SDRAM
is used; fix it at a high level when mobile-
DDR-SDRAM is used.
MODT (0] ODT enable ODT enable output signal from DDR2-
SDRAM
MVREF1, MVREFO | Reference voltage Reference voltage input
input These pins should be open when
mobile-DDR-SDRAM is used.
Direct memory DREQO, DREQ1 | DMA transfer request External DMA transfer request input
access DACKO, DACK1 O DMA transfer request Output pin for request acknowledge in

controller
acknowledge response to DRE
(DMAC) 9 P Q
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Classification Symbol 110 Function Description
Clocked MSIOF0_MCK, | Master clock input Master clock input pins
synchronous  MSIOF1_MCK
serial /O with MSIOFO_TXD, O Transmit data Transmit data pins
FIFO (MSIOFO0/ MSIOFl_TXD
MSIOF1) —
MSIOFO_RXD, | Receive data Receive data pins
MSIOF1_RXD
MSIOFO_TSCK, 1/0 Transmit serial clock Serial clock pins for transmission. When
MSIOF1_TSCK a common clock is used for transmission
and reception, these pins are used as
SCK.
MSIOFO_TSYNC, /O Transmit frame Transmit frame synchronizing signal
MSIOF1_TSYNC synchronizing signal input/output pins for channel 0. When a
common synchronizing signal is used for
transmission and reception, these pins
are used as SYNC.
MSIOF0_SS1, (0] Transmit frame Transmit frame synchronizing signal
MSIOF1_SS1 synchronizing signal output pins for channel 1. Selectable
only in the slave device.
MSIOF0_SS2, (o] Transmit frame Transmit frame synchronizing signal
MSIOF1_SS2 synchronizing signal  output pins for channel 2. Selectable
only in the slave device.
MSIOFO_RSCK, 1/0 Receive serial clock Receive serial clock
MSIOF1_RSCK
MSIOFO_RSYNC, /O Receive frame Receive frame synchronizing signals
MSIOF1_RSYNC synchronizing signal
Serial SCIFO_TXD, (0] Transmit data Transmit data pins
communication SCIF1_TXD,
interface with  SCIF2_TXD
(lSGCFI::F)OS SCIFO_RXD, | Receive data Receive data pins
SCIF1_RXD,
SCIF2_RXD
SCIFO0_SCK, 1/0 Serial clock Clock input/output pins
SCIF1_SCK,
SCIF2_SCK
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Serial SCIF3_TXD, (0] Transmit data Transmit data pins
communication SCIF4_TXD,

interface with ~ SCIF5_TXD

?g CFI::FAO)S SCIF3_RXD, | Receive data Receive data pins

SCIF4_RXD,

SCIF5_RXD

SCIF3_SCK, I/0 Serial clock Clock input/output pins

SCIF4_SCK,

SCIF5_SCK

SCIF3_RTS O RTS signal RTS output pin

SCIF3_CTS | CTS signal CTS input pin

Timer pulse unit TPUTO4 to 0 (@) Output signal Pulse output from the TPU
TP ] - -
(TPU) TPUTI2to 3 | External clock input  External count clock input pins
signal
IrDA interface  IrDA_IN | Receive data input Receive data input
(IrDA) IrDA_OUT O Transmit data output Transmit data output
I’C bus SCL1, SCLO 110 I°C clock input/output 1°C bus clock input/output pins. These
interface (IIC) pins have the bus drive function. Output
type is NMOS open drain.

SDA1, SDAO 1/0 I°C data input/output  1°C bus data input/output pins. These
pins have the bus drive function. Output
type is NMOS open drain.

Ethernet LNKSTA | Link status Pin for LINK signal input from PHY
troll
controfier MDC O Management data Output of clock for RMII management
(EtherMAC)
clock data

MDIO 1/0 Management data RMII management data input/output

input/output

RMII_CRS_DV | RMII carrier sense RMII carrier sense input signal

RMII_REF_CLK | RMII reference clock RMII reference clock (50 MHz)

RMII_RX_ER | RMII receive error RMII receive error input

RMII_RXDO | RMII receive data 2-bit RMII receive data

RMII_RXD1 | RMII receive data 2-bit RMII receive data

RMII_TX_EN O RMII transmit enable RMII transmit enable signal

RMII_TXDO (0] RMII transmit data 2-bit RMII transmit data

RMII_TXD1 (0] RMII transmit data 2-bit RMII transmit data

RO1UH0174EJ0200 Rev. 2.00
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Classification Symbol 110 Function Description
MMC I/F (MMC) MMC_CLK O Clock output Clock output pin
MMC_CMD I/0 Command Command output/response input pin (in
output/response input MMC mode)
MMC_D71to 0 1/0 Data output/response Data output/response input pin (in MMC

input

mode)

Video 1/0 (VIO) VIOO0_D15 to [
VIOO0_DO,
VIO1_D7 to

VIO1_DO

VIO data bus

VIO camera image data input

VIOO_CLK, [
VIO1_CLK,

VIO clock

VIO camera clock input

VIOO_VD, VIO1_VD |

VIO vertical sync

VIO camera vertical sync signals

VIOO_HD, VIO1_HD |

VIO horizontal sync

VIO camera horizontal sync signals

VIOO_FLD, | Field signal Field identification signals
VIO1_FLD
VIO_CKO (@] Camera clock output Clock output to camera

LCD controller LCDD23to LCDDO O

LCD data bus

24-hit data for LCD panel

(RGB interface)

LCDDON O Display ON/OFF Display ON/OFF signal
signal
LCDHSYN O Horizontal sync signal Horizontal sync signal
LCDDISP O Display enable signal Display enable signal
LCDVSYN (@) Vertical sync signal  Vertical sync signal
LCDvVCPWC O Power supply control LCD module power supply control signal
LCDVEPWC O Power supply control LCD module power supply control signal
LCDDCK O Dot clock signal Data synchronizing signal
LCDLCLK | Input clock Input clock signal
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Classification Symbol 110 Function Description
LCD controller LCDD23to LCDDO 1/O Data Data input/output
(SYSinterface) | cppon 0 Display ON/OFF Display ON/OFF signal
signal
LCDCS Chip select Chip select signal
LCDRD 0 Read strobe Read strobe signal
LCDRS Register select Register select signal
LCDVSYN 110 Vertical sync signal  Vertical sync signal
LCDVCPWC O Power supply control LCD module power supply control signal
LCDVEPWC (0] Power supply control LCD module power supply control signal
LCDWR (o] Write strobe Write strobe signal
LCDLCLK | Input clock Input clock signal
Video output DV_D15t0 0 O Data output Data output
unit (VOU) DV_CLK O Clock output Pixel clock output
DV_VSYNC O Vertical sync signal  Vertical sync signal output from VOU
output
DV_HSYNC O Horizontal sync signal Horizontal sync signal output from VOU
output
DV_CLKI | Video clock input Video clock input pin
TS interface TS_SCK | Clock TS input clock
(TSIF) TS_SDAT I Receive data TS serial data
TS_SDEN | Data enable TS data enable signal
TS_SPSYNC | Data sync signal TS data sync signal
USB2.0 host  VBUS1, VBUSO | USB power sense USB cable connection monitoring pins
;nod dLl:(re]C(tLiJoSnB) DP1, DPO 1/0 D+ input/output USB internal transceiver D+ input/output
DM1, DMO 1/0 D- input/output USB internal transceiver D- input/output

REFRIN1, REFRINO |

Reference input

Pins for connecting reference resistors
for constant-current circuits.
Pull down to AG33.
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Classification Symbol 110 Function Description

Sound interface FSIOALRCK, 110 Sound output L/R Sound output L/R clock pins (master or

unit (FSI) FSIOBLRCK clock slave)
FSIOABCK, 1/0 Sound output bit clock Sound output bit clock pins (master or
FSIOBBCK slave)
FSIOASD, O Sound output serial ~ Sound output serial data pins
FSIOBSD data
FSIIALRCK, 110 Sound input L/R clock Sound input L/R clock pins (master or
FSIIBLRCK slave)
FSIIABCK, 1/0 Sound input bit clock Sound input bit clock pins (master or
FSIIBBCK slave)
FSIIASD, FSIIBSD | Sound input Sound input serial data pins
CLKAUDIOAO, (0] Audio clock FSI basic operating clock
CLKAUDIOBO

ATAPI interface IDED15 to O 110 Data bus 16-bit bidirectional bus

(ATAPY) IDEA2t0 0 o Address bus Address bus
IDEINT | Interrupt request Primary channel interrupt request
IDEIOWR 0] WR enable Primary channel write
IDEIORD 0] RD enable Primary channel read
IDECS0, IDECST O Chip select Primary channel chip select
TODACK (6] DMA acknowledge Primary channel DMA acknowledge
IODREQ | DMA request Primary channel DMA request
IDEIORDY | Ready signal Primary channel ready signal
IDERST (o] Reset Primary channel ATAPI device reset
EXBUF_ENB 0 External data enable External level shifter enable signal
DIRECTION O External data External level shifter direction signal

direction

Key scan KEYING6 to O | Key input Key input

'(rlfzgas‘g KEYOUTS to 0 0 Key output Key output

1/O port PTA to PTZ 1/0 General I/O port General I/O port pins

|
o
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SD host SDHIOCD, | Card detection SD card detection signals
interface SDHI1CD
(SDHIO SDHI1) SDHIOWP, | Write protection SD write-protection signals
SDHI1WP
SDHIOD3 to 0, I/0 Data bus SD data bus signals
SDHI1D3to 0
SDHIOCMD, 1/0 Command output and SD command output and response input
SDHI1CMD response input signals
SDHIOCLK, O Clock SD clock output pins
SDHI1CLK
User debugging TCK | Test clock Test clock input pin
S;;fice (H- T™MS | Test mode select Test mode select signal input pin
TDI | Test data input Serial instruction and data input pin
TDO O Test data output Serial instruction and data output pin
TRST | Test reset H-UDI reset pin.
When the emulator is not used, fix it at a
low level.
ASEBRK/BRKACK 1/0 Break Break signal input from emulator/break
input/acknowledge acknowledge output signal
MPMD | ASE mode ASE mode (emulation support mode)
setting pin
Advanced user AUDATA3 to (0] AUD data Branch destination address output pin in
debugger AUDATAO branch trace mode
(AUD) AUDCK O AUD clock Sync clock output pin in branch trace
mode
AUDSYNC (0] AUD sync signal Data start position recognition signal
output pin in branch trace mode
Note: * For the pin functions when using an emulator, refer to the emulator manual.
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17 Internal Bus Configuration

This LSl has adopted the SuperHyway bus (hereafter referred to as SHwy bus) as the internal
system bus. The SHwy busis a system bus that consists of a 32-bit address line, a 64-bit data line,
and a bus clock (S¢) with a maximum frequency of 166.7 MHz. Data can be transferred at high
speed between the modules connected to the SHwy bus. Data transfer is controlled by the
SuperHyway packet router.

The SHwy bus and modules are connected with the following bus bridges.

e |CB (Inter Connect Buffer)
This bridge connects the SHwy bus to a group of image modules. This bridge has 128-Kbyte
SRAM (MERAM: Media RAM), and can be used as the external memory access buffer (1CB:
Inter Connect Buffer) to reduce the external memory accesses and improve its efficiency. For
details on MERAM, refer to section 41, MediaRAM (MERAM).

e HPB (Peripheral bus bridge)
This bridge connects the SHwy bus to a group of peripheral modules that operate on P¢.

o HPB2 (Peripheral bus bridge -2)
This bridge connects the SHwy bus to a group of peripheral modules that operate on B¢.

In data transfer, each module operates as an initiator (SHwy bus master) that sends requests or a
target that returns responses. The modules that can operate as an initiator are the SH-X2, DBG,
DMAC, ICB, 2DG, ATAPI, EtherMAC, and SPU. The LRU (Least Recently Used) method is
used to determine the priority of the requests. The initial state of priority isICB > DBG > SH-X2
> 2DG > LMB. However, the priority setting needs to be changed according to the modules used
and their usage methods. For details, refer to section 12, SuperHyway Packet Router.

Page 46 of 2354 RO1UHO0174EJ0200 Rev. 2.00

RENESAS Jan 18, 2013



SH7724 Section1 Overview

18 Memory AddressMap

The CPU incorporated in this LS| supports a 32-bit virtual address space. Virtual addresses can be
alocated to any physical addresses by the MMU. For details, refer to section 7, Memory
Management Unit (MMU).

Figure 1.4 shows the physical address space of thisLSI. ThisLSI supports a 29-bit address mode
(normal mode) and a 32-bit address mode (expansion mode).

At a power-on reset or a system reset, the 29-bit address mode is selected. Use the SE bit in
PASCR to switch to the 32-bit address mode. For the setting method, refer to section 7, Memory
Management Unit (MMU). When using the 32-bit address mode, the module stop bit MSTP031
for the TLB must be cleared to O (TLB operates).

Areas 2 and 3 in the physical address space are dedicated to the DBSC. The DBSC and BSC can
be selected as the bus state controller for areas 4 and 5 by the AREASEL bitsin MMSELR. Figure
1.5 shows the correspondence between settings of the AREASEL bits and the address map. For
details on the settings, refer to section 14, Bus State Controller (BSC). In the 32-bit address mode,
physical addresses from H'40000000 to H'5FFFFFFF can be used as a DRAM expansion space.

Note that access that is not from the SH-4A core does not pass through the MMU and so will be
access to physical addresses. Physical addresses should be set as the addresses for the registers of
each module unless stated otherwise. Specify 29-bit physical addresses in the 29-bit address mode.
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H'00000000
H'04000000
H'08000000
H'0C000000
H'10000000
H'14000000
H'18000000
H'1C000000
H'20000000

H'40000000

H'60000000

H'A4000000
H'A7FFFFFF

Area 0 (BSC)

Area 1 (On-chip peripheral HPB)

Area 2 (DBSC)

Area 3 (DBSC)

Area 4 (DBSC/BSC)

Area 5 (DBSC/BSC)

Area 6 (BSC)

Area 7 (Reserved)

Undefined

DBSC

Undefined

On-chip peripheral module (HPB),

H'E0000000
H'FFFFFFFF

Undefined

Internal resources

29-bit physical address space
(Normal mode)

32-bit physical address space
(Expansion mode)

H'E0000000
H'E5200000
H'E8000000
H'E8080000
H'F0000000
H'FC000000
H'FD000000
H'FD800000
H'FDC00000
H'FE000000
H'FE200000
H'FE800000
H'FEC00000
H'FF000000
H'FF800000
H'FFC00000
H'FFFFFFFF

Store queue

TLRAM (16 KB)

ICB control register

MERAM (128 KB)

Caches

H-UDI

DBSC control register

RSRAM (2 KB)

DMACH1 control register

DMACO control register

SPU control register

Image processing register

BSC control register

CPU

SHwy arbitration register

On-chip peripheral modules (HPB)

Figure1.4 Physical Address Space
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| MMSELR AREASEL lo 1
H'00000000 to H'03FFFFFF | Area 0 BSC BSC
H'04000000 to H'07FFFFFF Area 1 (HPB, On-chip peripheral module) HPB HPB
H'08000000 to HOBFFFFFF | Area 2 DBSC-2  |DBSC-2
H'0C000000 to H'OFFFFFFF | Area 3 DBSC-3 _ |DBSC-3
H'10000000 to H'13FFFFFF | Area4 DBSC-4 _|BSC
H'14000000 to H'17FFFFFF | Area 5 DBSC-5 _|BSC
H'18000000 to H1BFFFFFF | Area 6 BSC BSC
H'1C000000 to H'1FFFFFFF Area 7 (Reserved)
H'20000000 to H'3FFFFFFF | Undefined
H'40000000 to H'43FFFFFF | DBSC DBSC-0 _ [DBSC-0
H'44000000 to H'47FFFFFF | (DDR2-SDRAM/Mobile DDR) DBSC-1__|DBSC-1
H'48000000 to H'4BFFFFFF DBSC-2 _ |DBSC-2
H'4C000000 to H'4FFFFFFF DBSC-3  |DBSC-3
H'50000000 to H'53FFFFFF DBSC-4 | DBSC-4
H'54000000 to H'57FFFFFF DBSC-5 | DBSC-5
H'58000000 to H'5BFFFFFF DBSC-6  |DBSC-6
H'5C000000 to H'5FFFFFFF DBSC-7  |[DBSC-7
H'60000000 to H'7FFFFFFF | Undefined
H'80000000 to HASFFFFFF | Undefined
H'A4000000 to H'A7FFFFFF | HPB (On-chip peripheral module) HPB HPB
H'A8000000 to H'BFFFFFFF | Undefined
H'C0000000 to HDFFFFFFF | Undefined
H'E0000000 to H'FFFFFFFF Internal resources

[Legend]

: Shadow space

29-bit physical address space
(Normal mode)

32-bit physical address space
(Expansion mode)

Figurel5 Memory Map Selection by AREASEL Bit
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19 Clocks

An overview of the SH7724 clocksis given blow. For details, refer to section 17, Clock Pulse
Generator (CPG). Table 1.5 liststhe clocks available in the SH7724.

Tablel5 Clocks
Classifi-
cation  Clock Name  Use Range Generated by Clock Source
System ¢ SH-X2 CPG (PLL) External input (EXTAL),
clock Sé L2 cache, SHwy, DBSC CPG (PLL) crystal o_scnlator (EXTAL, XTAL),
external input (RTC_CLK)
B¢ BSC, modules connected CPG (PLL)
to SHwy, HPB2, modules _
connected to HPB2 Note: The .fre.‘quency must bg .
multiplied by the FLL circuit to
P HPB, modules connected CPG (PLL) generate the system clock from
to HPB RTC_CLK.
Individual M1¢ VPU CPG (PLL)
module
SPUCK SPU CPG (PLL)
clock
CKO Clock output for BSC CPG (PLL)
interface
MCLK Clock output for DBSC CPG (PLL)
interface
VIO_CKO Clock output for camera  CPG (PLL)
IrDACK Clock for IrDA interface CPG (PLL)
RCLK RWDT, CMT counting CPG
clock
FSICKA, Clock for FSl interface CPG (PLL) Above three clock sources, external
FSICKB input (FSIMCKA, FSIMCKB)
RTC_CLK RTC counting clock External input External input (RTC_CLK)
LCDDCK LCDC dot clock output LCDC External input (LCDLCLK), B¢, Pd
DV_CLK Clock output for VOU \Y/elV] External input (DV_CLKI)
interface
FSIOABCK, Clock output for FSI FSI FSICKA, FSICKB
FSIOALRCK, interface
FSIOBBCK,
FSIOBLRCK
CLKAUDIOAO, FSI basic operating clock FSI FSICKA, FSICKB
CLKAUDIOBO output
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Classifi-
cation Clock Name Use Range Generated by Clock Source
Individual MSIOFO_TSCK  Serial clock output for MSIOF B¢, external input (MSIOFO_MCK,
module MSIOF transmission MSIOF1_MCK)
clock MSIOF1_TSCK
SCIF0_SCK, SCIF serial clock output ~ SCIF Pé
SCIF1_SCK,
SCIF2_SCK
SCIF3_SCK, SCIFA serial clock output  SCIFA B¢
SCIF4_SCK,
SCIF5_SCK
MMC_CLK Clock output for MMC MMC Bd
interface
SDHIOCLK, Clock output for SDHI SDHI B¢
SDHI1CLK interface
USB_CLK USB operating clock USB (PLL) External input (EXTAL_USB), crystal
oscillator (EXTAL_USB, XTAL_USB)
RO1UH0174EJ0200 Rev. 2.00 Page 51 of 2354
Jan 18, 2013 " (ENESAS



Section1 Overview SH7724

1.10  Operating Modes

The SH7724 has three processing states. the reset state, program execution state, and power-down
state. The reset states and power-down states are outlined below.

1101 Reset
The SH7724 can be reset by a power-on reset, system reset, manual reset, and software reset.
(1) Power-On Reset

Inputting a low-level signal to the RESETP pin halts all processings currently being executed and
starts the L SI using the power-on sequence. A power-on reset should be used for resetting the LSI
when the power is turned on.

(2) System Reset

A system reset occurs when alow-level signal isinput to the RESETA pin or the RWDT
overflows.

(3 Manual Reset

A manual reset occursif an exception other than auser break is generated when the BL bitin SR
is 1. For details, refer to section 5, Exception Handling.

(4) Software Reset

Some modules can be reset individually by modifying the respective register setting. For details,
refer to the section for each module.
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1.10.2 Power-Down Modes

The power-down states available in this LS| are sleep mode, software standby mode, R-standby
mode, U-standby mode, and module standby state. For details, refer to section 18, Reset and
Power-Down Modes.

(1) Sleep Mode

In sleep mode, the clock provided to the SH-4A coreis halted. The on-chip peripheral modules
connected to the SHwy bus continue to operate and external memory accesses are possible. The
program execution state can be returned to by an interrupt.

(2) Software Standby Mode

In software standby mode, clocks except for RCLK are halted. The program execution state can be
returned to by an interrupt.

(3) R-Standby Mode

In R-standby mode, clocks except for RCLK are halted and the power supply is cut off for most of
the areas except for the 1/O areas. The contents of some registers and memory (RS memory) are
held. By storing an interrupt processing program in the RS memory, the program execution state
can be returned to by an interrupt.

(49) U-Standby Mode

In U-standby mode, the power supply is cut off for the modules that operate on RCLK and the
areas except for the 1/0 areas. The current consumption can be reduced the most in this mode.
Though the pin states are held, the internal state is not. Therefore, to cancel this mode, this LS| has
to be restarted by areset.

(5) Module Standby State

In the modul e standby state, the clock supply to modules can be individually halted with the CPU
continuing to operate. The current consumption can be reduced by stopping the clocks of modules
not being used.
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111  Power Supply Sequence

The sequences for turning on and off the 1/0 power supplies (VccQ, VeeQl, VeecQ LCD,
VeeQ _MMC, VecQ _SDC, VeeQ SR, VeeQ VIO, DV33, AV33, and VecQ _DDR) and 1.2 V-
power supplies (VDD, VDD_PLL, VDD_FLL, DV12, AV12, and UV 12) are described. For
details, refer to section 52, Electrical Characteristics.

() Sequencefor Turning on Power
Set the power supply voltage provided to VccQ so asto satisfy the following condition:

VeeQ + 0.3V >VeeQl, VeeQ _LCD, VecQ MMC, VecQ _SDC, VeeQ_SR, VeeQ VIO, DV33,
AV33

Follow the power-on sequence below to start thisLSI.

1. Firgt, turn on the VccQ power supply. At power-on, the RESETP pin must be driven low to be
V, orless.

2. Wait until the VccQ voltage becomes equal to or greater than the minimum value specified in
section 52, Electrical Characteristics.

3. Turn on the 1/O power supplies except for VccQ. They can be turned on in any order (random
order).

4. Turnon the 1.2 V-power supplies.
5. After all power supplies have been turned on, clear the RESETP pin.

(2) Sequencefor Turning off Power
Follow the sequence below to turn off the power supplies.

1. Turn off the 1.2 V-power supplies.

2. Turn off the I/O power supplies except for VccQ. They can be turned off in any order (random
order).

3. Finally, turn off the VccQ power supply.
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1.12 Noteson Board Design
(1) Noteon Bypass Capacitor

A multilayer ceramic capacitor should be inserted for each pair of power supply and ground asa
bypass capacitor.

The bypass capacitor must be inserted close to the power supply pins of the LSI. Note that the
capacitance and frequency characteristics of the bypass capacitor must be appropriate for the
operating frequency of the LSI.

(2) Noteon Power Supply Wiring of PLL and FLL

Since the power supply of the PLL and FLL circuits are sensitive to noise, wiring patterns should
be designed in accordance with the notesin section 17, Clock Pulse Generator (CPG).

(3) Noteon DDR Interface Board Design

A DDR installation guide is available. Use it as reference material when designing your board.
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Section 2 Programming Model

The programming model of thisL Sl isexplained in this section. This LSl has registers and data

formats as shown below.
2.1 Data Formats

The data formats supported in this LSl are shown in figure 2.1.

Byte (8 bits)

Word (16 bits)

i

iyl

31
Longword (32 bits) |
31 30 22
Single-precision floating-point (32 bits) | sl e | f |
63 62 51 0
Double-precision floating-point (64 bits) | sl e | f |

[Legend]

s:  Sign field

e: Exponent field
f: Fraction field

Figure2.1 Data Formats
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2.2 Register Descriptions
221 Privileged M ode and Banks
(1) Processing Modes

This LSl has two processing modes, user mode and privileged mode. This LS| 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 processing
modes.

(2) General Registers

There are 16 general registers, designated RO to R15. Generd registers RO to R7 are banked
registers which are switched by a processing mode change.

e Privileged mode
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 hit is 1 (that is, when bank 1 is selected), the 16 registers comprising bank 1
general registers RO BANK1 to R7_BANK1 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 BANK1to R7_ BANKZ1 are accessed by the LDC/STC instructions.

e User mode

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 BANK1 to R7_BANK?1 cannot be
accessed.
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(3) Control Registers

Control registers comprise the global base register (GBR) and status register (SR), which can be
accessed in both processing 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.

(4) System Registers

System registers comprise the multiply-and-accumulate registers (MACH/MACL), the procedure
register (PR), and the program counter (PC). Access to these registers does not depend on the
processing mode.

(5) Floating-Point Registersand System Registers Related to FPU

There are thirty-two floating-point registers, FRO—FR15 and XFO—XF15. FRO—FR15 and XFO—
XF15 can be assigned to either of two banks (FPRO_BANKO-FPR15 BANKO or FPRO_BANK1-
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.

System registersrelated to the FPU comprise the floating-point communication register (FPUL)
and the floating-point status/control register (FPSCR). These registers are used for communication
between the FPU and the CPU, and the exception handling setting.

Register values after areset are shown in table 2.1.
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Table2.1 Initial Register Values

Type

Registers

Initial Value*

General registers

RO_BANKO to R7_BANKO,
RO_BANK1 to R7_BANK1,
R8 to R15

Undefined

Control registers

SR

MD bit =1, RB bit =1, BL bit=1, FD bit =0,
IMASK = B'1111, reserved bits = 0,

others = undefined

GBR, SSR, SPC, SGR, DBR  Undefined

VBR H'00000000
System registers MACH, MACL, PR Undefined

PC H'A0000000
Floating-point FRO to FR15, XFO to XF15, Undefined
registers FPUL

FPSCR H'00040001

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_BANKO*1+4
R1_BANKO*? R1_BANK1*3 R1_BANKO**
R2_BANKO*? R2_BANK1#3 R2_BANKO**
R3_BANKO*? R3_BANK1*3 R3_BANKO**
R4_BANKO*2 R4_BANK1*3 R4_BANKO™
R5_BANKO*? R5_BANK1#3 R5_BANKO**
R6_BANKO*? R6_BANK1#3 R6_BANKO**
R7_BANKO*? R7_BANK1#3 R7_BANKO**

R8 R8 R8
R9 R9 R9
R10 R10 R10
R11 R11 R11
R12 R12 R12
R13 R13 R13
R14 R14 R14
R15 R15 R15
[ SR | SR 1 | SR |
| SSR 1 1 SSR |
GBR GBR GBR
MACH MACH MACH
MACL ACL MACL
PR R R
VBR VBR
| PC ] | PC | | PC |
| SPC 11 SPC |
l SGR 1 1 SGR |
| DBR ] | DBR ]
RO_BANKOQ* -+ RO_BANKT1*1+3
R1_BANKO** R1_BANK1*3
R2_BANKO** R2_BANK{*3
R3_BANKO** R3_BANKT*®
R4_BANKO*4 R4_BANK1*3
R5_BANKO*4 R5_BANK1*3
R6_BANKO*4 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.

Figure2.2 CPU Register Configuration in Each Processing Mode
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222 General Registers

Figure 2.3 shows the relationship between the processing modes and general registers. ThisLSI
has twenty-four 32-bit general registers (RO_BANKO to R7_BANKO, RO_BANK1to
R7_BANK1, and R8 to R15). However, only 16 of these can be accessed as general registers RO
to R15 in one processing mode. This LS| has two processing modes, user mode and privileged

mode.

¢ RO BANKOto 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).
e RO BANK1ltoR7 BANK1
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)

RO
R1
R2
R3
R4
R5
R6
R7

RO-BANK1
R1-BANK1
R2_BANK1
R3-BANK1
R4_BANK1
R5-BANK1
R6-BANK1
R7-BANK1

R8

R9

R10
R11
R12
R13
R14
R15

(SR.MD =1, SR.RB = 1)

RO_BANKO

R1_BANKO

R2_BANKO

R3_BANKO

R4_BANKO

R5_BANKO

R6_BANKO

R7_BANKO

RO_BANK1

R1_BANK1

R2_BANK1

R3_BANK1

R4_BANK1

R5_BANK1

R6_BANK1

R7_BANK1

R8

R9

R10

R11

R12

R13

R14

R15

RO-BANKO
R1-BANKO
R2-BANKO
R3-BANKO
R4_BANKO
R5-BANKO
R6-BANKO
R7-BANKO

RO
R1
R2
R3
R4
R5
R6
R7

R8

R9

R10
R11
R12
R13
R14
R15

Figure2.3 General Registers
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Note on Programming:  Asthe user's RO to R7 are assighed to RO BANKO to R7_BANKO, and
after an exception or interrupt RO to R7 are assigned to RO_BANK1 to
R7_BANK1, it is not necessary for the interrupt handler to save and
restore the user's RO to R7 (RO_BANKO to R7_BANKDO).

223 Floating-Point Registers

Figure 2.4 shows the floating-point register configuration. There are thirty-two 32-bit floating-
point registers, FPRO_BANKO to FPR15_BANKO, AND FPRO_BANK1 to FPR15 BANK1,
comprising two banks. These registers are referenced as 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. Reference names of each register
are defined depending on the state of the FR bit in FPSCR (see figure 2.4).

1. Floating-point registers, FPRn_BANK] (32 registers)
FPRO_BANKO to FPR15 BANKO
FPRO_BANK1 to FPR15 BANK1

2. Single-precision floating-point registers, FRi (16 registers)
When FPSCR.FR = 0, FRO to FR15 are assigned to FPRO_BANKO to FPR15_BANKO;
when FPSCR.FR = 1, FRO to FR15 are assigned to FPRO_BANK 1 to FPR15 BANK1.

3. Double-precision floating-point registers or single-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}

4. Single-precision floating-point vector registers, FVi (4 registers): An FV register comprises
four FR registers.
FV0 ={FRO, FR1, FR2, FR3}, FV4 = { FR4, FR5, FR6, FR7},
Fv8 ={FR8, FR9, FR10, FR11}, FV12 = {FR12, FR13, FR14, FR15}

5. Single-precision floating-point extended registers, XFi (16 registers)
When FPSCR.FR = 0, XFO0 to XF15 are assigned to FPRO_BANK1 to FPR15_BANK1;
when FPSCR.FR = 1, XFO to XF15 are assigned to FPRO_BANKO to FPR15 BANKO.

6. Double-precision floating-point extended registers, XDi (8 registers): An XD register
comprises two XF registers.
XDO0 = {XF0, XF1}, XD2 = {XF2, XF3}, XD4 = { XF4, XF5}, XD6 = { XF6, XF7},
XD8 = {XF8, XF9}, XD10 = { XF10, XF11}, XD12 = { XF12, XF13}, XD14 = { XF14, XF15}
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7. 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 XFi4
XF3 XF7 XF11  XF15

FPSCR.FR=0 FPSCR.FR=1
FVO DRO FRO FPRO_BANKO XFO XDO XMTRX
FR1 FPR1_BANKO XF1
DR2 FR2 FPR2_BANKO XF2 XD2
FR3 FPR3_BANKO XF3
FV4 DR4 FR4 FPR4_BANKO XF4 XD4
FR5 FPR5_BANKO XF5
DR6 FR6 FPR6_BANKO XF6 XD6
FR7 FPR7_BANKO XF7
Fv8 DR8 FR8 FPR8_BANKO XF8 XD8
FR9 FPR9_BANKO XF9
DR10 FR10 FPR10_BANKO XF10 XD10
FR11 FPR11_BANKO XF11
FV12 DR12 FR12 FPR12_BANKO XF12 XD12
FR13 FPR13_BANKO XF13
DR14 FR14 FPR14_BANKO XF14 XD14
FR15 FPR15_BANKO XF15
XMTRX XDO XFO FPRO_BANK1 FRO DRO FVo
XF1 FPR1_BANK1 FR1
XD2 XF2 FPR2_BANK1 FR2 DR2
XF3 FPR3_BANK1 FR3
XD4 XF4 FPR4_BANK1 FR4 DR4 FV4
XF5 FPR5_BANK1 FR5
XD6é XF6 FPR6_BANK1 FR6 DR6
XF7 FPR7_BANK1 FR7
XD8 XF8 FPR8_BANK1 FR8 DR8 FVv8
XF9 FPR9_BANK1 FR9
XD10  XF10 FPR10_BANK1 FR10 DR10
XF11 FPR11_BANK1 FR11
XD12  XF12 FPR12_BANK1 FR12 DR12 FV12
XF13 FPR13_BANK1 FR13
XD14  XF14 FPR14_BANK1 FR14 DR14
XF15 FPR15_BANK1 FR15

Figure2.4 Floating-Point Registers
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224

Control Registers

(1) StatusRegister (SR)

Bltt 31 3 29 28 27 26 25 24 23 22 21 20 19 18 17 16
[—Imofmfoe| |- - [—-[-[-[-[T-[T-[-[-1]-]
Initial value: 0 1 1 1 0 0 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
Blt 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
ol - [ -] -[-[—-[m[al] IMASK [—[-[s[T]
Initial value: 0 0 0 0 0 0 0 0 1 1 1 1 0 0 0 0
RW: RW R R R R R RW RW RW RW RW RW R R RW RW
Initial
Bit Bit Name Value R/W Description
31 — 0 R Reserved
For details on reading/writing this bit, see General
Precautions on Handling of Product.
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
This bit is set to 1 by an exception or interrupt.
29 RB 1 R/W Privileged Mode General Register Bank Specification
Bit
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_BANK1 to R7_BANK1 are accessed as general
registers RO to R7 and RO_BANKO-R7_BANKO can
be accessed using LDC/STC instructions
This bit is set to 1 by an exception or interrupt.
28 BL 1 R/W Exception/Interrupt Block Bit
This bit is set to 1 by a reset, a general 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.
27t016 — All O R Reserved
For details on reading/writing this bit, see General
Precautions on Handling of Product.
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Initial
Bit Bit Name Value R/W Description
15 FD 0 R/W FPU Disable Bit

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 — All O R Reserved

For details on reading/writing this bit, see General
Precautions on Handling of Product.

9 M 0 R/W M Bit

Used by the DIVOS, DIVOU, and DIV1 instructions.
8 Q 0 RW  Q Bit

Used by the DIVOS, DIVOU, and DIV1 instructions.
7t04 IMASK 1111 R/W Interrupt Mask Level Bits

An interrupt whose priority is equal to or less than the
value of the IMASK bits is masked. It can be chosen by
CPU operation mode register (CPUOPM) whether the
level of IMASK is changed to accept an interrupt or not
when an interrupt is occurred. For details, see appendix
A, CPU Operation Mode Register (CPUOPM).

3,2 — All O R Reserved

For details on reading/writing this bit, see General
Precautions on Handling of Product.

1 S 0 R/W S Bit
Used by the MAC instruction.

0 T 0 R/W T Bit
Indicates true/false condition, carry/borrow, or
overflow/underflow.

For details, see section 3, Instruction Set.
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(2) Saved Status Register (SSR) (32 bits, Privileged Mode, Initial Value = Undefined)
The contents of SR are saved to SSR in the event of an exception or interrupt.

(3) Saved Program Counter (SPC) (32 bits, Privileged Mode, Initial Value = Undefined)
The address of an instruction at which an interrupt or exception occursis saved to SPC.

(4) Global Base Register (GBR) (32 bits, Initial Value = Undefined)

GBRisreferenced as the base address of addressing @(disp,GBR) and @(R0,GBR).

(5) Vector Base Register (VBR) (32 bits, Privileged Mode, I nitial Value = H'00000000)

VBR isreferenced as the branch destination base address in the event of an exception or interrupt.
For details, see section 5, Exception Handling.

(6) Saved General Register 15 (SGR) (32 bits, Privileged Mode, I nitial Value = Undefined)
The contents of R15 are saved to SGR in the event of an exception or interrupt.
(7) Debug Base Register (DBR) (32 bits, Privileged Mode, Initial Value = Undefined)

When the user break debugging function is enabled (CBCR.UBDE = 1), DBR isreferenced as the
branch destination address of the user break handler instead of VBR.

225 System Registers

() Multiply-and-Accumulate Registers (MACH and MACL) (32 bits, Initial Value =
Undefined)

MACH and MACL are used for the added value in aMAC instruction, and to store the operation
result of aMAC or MUL instruction.

(2) ProcedureRegister (PR) (32 bits, Initial Value = Undefined)

Thereturn addressis stored in PR in asubroutine call using a BSR, BSRF, or JSR instruction. PR
is referenced by the subroutine return instruction (RTS).

(3 Program Counter (PC) (32 bits, Initial Value = H' A0000000)

PC indicates the address of the instruction currently being executed.
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(4) Floating-Point Status/Control Register (FPSCR)

Blt: 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
[=[-[—-[-[-f-[-[-[—-[—[r[sz[PrfoN]| caume
Initial value: 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0
R/W: R R R R R R R R R R RW RW RW RW RW RW
Blt: 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Cause Enable (EN) Flag RM
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

Initial
Bit Bit Name Value

R/W

Description

3lto 22 — AllO

Reserved

For details on reading/writing this bit, see General
Precautions on Handling of Product.

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_BANK1
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)

For relationship between the SZ bit, PR bit, and endian,

see figure 2.5.

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)

For relationship between the SZ bit, PR bit, and endian,

see figure 2.5

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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Initial
Bit Bit Name Value

R/W

Description

17to 12 Cause 000000

R/W

11to7 Enable (EN) 00000

R/W

6to2 Flag 00000

R/W

FPU Exception Cause Field

FPU Exception Enable Field

FPU Exception Flag Field

Each time an FPU operation instruction is executed, the
FPU exception cause field is cleared to 0. When an
FPU exception occurs, the bits corresponding to FPU
exception cause field and flag field are setto 1. 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 2.2.

1,0 RM 01

R/W

Rounding Mode

These bits select the rounding mode.
00: Round to Nearest

01: Round to Zero

10: Reserved

11: Reserved

RO1UH0174EJ0200 Rev. 2.00
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<Big endian> 63 0

Floating-point register | DR (2i) |

63 0
[ Fre) | FREI) |

63 32 31 0
Memory area | |

8n 8n+3 8n+4 8n+7

<Little endian>

63 0 63 0 63 0

Floating-point register | DR (2i) | | DR (2i) | | DR (2i) |
) *2

63 0 63 0 63 0
| FR (2i) | FR (2i+1) | | FR (2i) | FR (2i+1) | | FR (2i) | FR (2i+1) |

63 32 31 0 63 32 31 0 63 I 32 31 I 0
Memory area | | | | | | | | |

4n+3 4n4m+3 4m  8n+3 8n 8n+7 8n+4 8n+7 8n+4 8n+3 8n

(1)Sz=0 (2)SZ=1,PR=0 (3)SZ2=1,PR=1

Notes: 1. In the case of SZ = 0 and PR = 0, DR register can not be used.

2. The bit-location of DR register is used for double precision format when PR = 1.
(In the case of (2), it is used when PR is changed from 0 to 1.)

Figure2.5 Relationship between SZ bit and Endian

Table2.2 Bit Allocation for FPU Exception Handling

FPU Invalid Division Overflow Underflow Inexact
Field Name Error (E) Operation (V) by Zero (Z) (O) ) n
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

(5) Floating-Point Communication Register (FPUL) (32 bits, Initial Value = Undefined)

Information is transferred between the FPU and CPU via FPUL.
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2.3 Memory-Mapped Registers

Some control registers are mapped to the following memory areas. Each of the mapped registers
has two addresses.

H'1C00 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 trandation function of the MMU.
Setting the page number of this area to the corresponding field of the TLB enables accessto a
memory-mapped register.
The operation of an access to this area without using the address trandlation function of the
MMU is not guaranteed.

e H'FC00 0000 to H'FFFF 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 accessthat involves
address trandlation.

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.
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24 Data Formatsin Registers

Register operands are always longwords (32 bits). When amemory operand is only a byte (8 hits)
or aword (16 bits), it is sign-extended into alongword when loaded into a register.

7 6 0

s| |
31/7 6 0
Is ........................................ sl I
1514 0

[s] |
31/1514 0
|3 .......................... Sl |

Figure2.6 Formatsof Byte Data and Word Data in Register
25 Data Formatsin Memory

Memory dataformats 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 bitsin length
is sign-extended before being loaded into aregister.

A word operand must be accessed starting from aword boundary (even address of a 2-byte unit:
address 2n), and alongword operand starting from alongword boundary (even address of a 4-byte
unit: address 4n). An address error will result if thisrule 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 external pin after a power-on reset. 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, isthe most significant bit and the rightmost bit, bit O, isthe least
significant bit.

The data format in memory is shown in figure 2.7.
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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 o7 0|7 0 7 0[7 o7 0|7 0
Address A | Byt 0| Byte 1|Byte 2| Byte 3 Byte 3| Byte 2 | Byte 1|Byte 0| Address A + 8
15 0[15 0 15 0[15 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

Figure2.7 DataFormatsin Memory
For the 64-bit data format, see figure 2.5.
2.6 Processing States

ThisLSl has major three processing states: the reset state, instruction execution state, and power-
down state.

(1) Reset State

In this state the CPU isreset. The reset stateis divided into the power-on reset state and the
manual reset.

In the power-on reset state, the internal state of the CPU and the on-chip peripheral module
registers areinitialized. In the manual reset state, the internal state of the CPU and some registers
of on-chip peripheral modules are initialized. For details, see register descriptions for each section
of the hardware manual of the product.

(2) Instruction Execution State

In this state, the CPU executes program instructions in sequence. The Instruction execution state
has the normal program execution state and the exception handling state.

(3 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 two modes in the power-down state:
sleep mode and standby mode. For details, see section 18, Reset and Power-Down Modes.
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From any state
when reset/manual
reset input

Reset state
Reset/manual

reset clearance

Reset/manual Reset/manual
reset input reset input

Sleep instruction execution

< Power-down state
Interrupt occurence

Instruction execution state

Figure2.8 Processing State Transitions
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2.7 Usage Notes
27.1 Notes on Self-Modifying Code

To accelerate the processing speed, this LS| performs the instruction prefetching. Therefore, in the
case when a code in memory is rewritten and attempted to be executed immediately, thereis
increased possibility that the code before being modified, which has already been prefetched, is
executed.

To ensure execution of the modified code, one of the following sequence of instructions should be
executed between the code rewriting instruction and execution of the modified code.

(1) When the Codesto be Modified arein Non-Cacheable Area

SYNCO
ICBI @Rn

The target for the ICBI instruction can be any address within the range where no address error
exception occurs.

(2) When the Codesto be Modified arein Cacheable Area (Write-Through)

SYNCO
ICBI @Rn

All instruction cache areas corresponding to the modified codes should be invalidated by the ICBI
instruction. The ICBI instruction should be issued to each cache line. One cachelineis 32 bytes.

(3 Whenthe Codesto be Modified arein Cacheable Area (Copy-Back)

OCBP @Rm or OCBWB @Rm

SYNCO

ICBI @Rn
All operand cache areas corresponding to the modified codes should be written back to the main
memory by the OCBP or OCBWB instruction. Then all instruction cache areas corresponding to
the modified codes should be invalidated by the ICBI instruction. The OCBP, OCBWB, and ICBI
instruction should be issued to each cache line. One cache line is 32 bytes.

Note:  Self-modifying is the processing which executes instructions while dynamically rewriting
the codes in memory.
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Section 3 Instruction Set

Theinstruction set of thisLS| isimplemented with 16-bit fixed-length instructions. This LSl 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 this LS| moves byte-size or word-size data from
memory to aregister, the datais sign-extended.

31 Execution Environment

(1) PC

At the start of instruction execution, the PC indicates the address of the instruction itself.
(2) Load-StoreArchitecture

This LSl has aload-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.

(3) Delayed Branches

Except for the two branch instructions BF and BT, the branch instructions and RTE of thisLS| are
delayed branches. In a delayed branch, the instruction following the branch is executed before the
branch destination instruction.

(4) Delay Slot

This execution slot following a delayed branch is called adelay dot. For example, the BRA
execution sequence is as follows:w
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Table3.1 Execution Order of Delayed Branch Instructions

Instructions Execution Order
BRA TARGET (Delayed branch instruction) BRA
ADD (Delay slot) 3
ADD
{
TARGET target-inst (Branch destination instruction)  target-inst

A dot illegal instruction exception may occur when a specific instruction is executed in a delay
slot. For details, see section 5, Exception Handling. The instruction following BF/S or BT/S for
which the branch is not taken is also adelay slot instruction.

(5) T Bit

The T bitin SR isused 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.

ADD #1, RO ; T bit isnot changed by ADD operation
CMP/EQ R1, RO ;IfRO=R1, Thitissetto 1
BT TARGET ; Branchesto TARGET if T bit =1 (RO = R1)

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

(6) Constant Values

An 8-hit 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 valuesin 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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3.2 Addressing Modes

Addressing modes and effective address cal culation methods are shown in table 3.2. When a
location in virtual memory spaceis accessed (AT in MMUCR = 1), the effective addressis
tranglated into a physical memory address. If multiple virtual memory space systems are selected
(SV in MMUCR = 0), the least significant bit of PTEH is aso referenced as the access ASID. For
details, see section 7, Memory Management Unit (MMU).

Table3.2 Addressing Modes and Effective Addr esses

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
et s
n n address)
Register @Rn+ Effective address is register Rn contents. Rn —» EA
indirect A constant is added to Rn after instruction After instruction
with post- execution: 1 for a byte operand, 2 for a word execution
increment operand, 4 for a longword operand, 8 for a Byte:
quadword operand. Rn +1 — RN
word
+
Rn + 1/2/4/8 Rn+2—Rn
0 Longword:
Rn+4 — Rn
1/2/4/8 Quadword:

Rn+8 — Rn
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Addressing Instruction Calculation
Mode Format Effective Address Calculation Method Formula
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:
T Rn =45 n
_ Quadword:
Rn= 120482y »[Rn-1/2/48 |  Rn—8 Rn
1/2/4/8 (Instruction
executed
with Rn after
calculation)
Register @(disp:4, Rn) Effective address is register Rn contents with Byte: Rn + disp
indirect with 4-bit displacement disp added. After disp is — EA

displacement

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

disp
(zero-extended)

1/2/4

Rn + disp x 1/2/4

Word: Rn + disp
x 2 —> EA

Longword:
Rn + disp x4 —>
EA

Indexed
register
indirect

@(RO, Rn)

Effective address is sum of register Rn and RO

contents.

Rn + RO - EA
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Addressing Calculation
Mode Effective Address Calculation Method Formula
GBR indirect Effective address is register GBR contents with Byte: GBR +
with displace- GBR) 8-bit displacement disp added. After disp is disp »> EA
ment zero-extended, it is multiplied by 1 (byte), 2 (word), \word: GBR +
or 4 (longword), according to the operand size. disp x 2 — EA
Longword:
GBR + disp x
disp _GBR 4 EA
(zero-extended) + disp x 1/2/4
Indexed GBR @(RO, GBR)  Effective address is sum of register GBR and RO GBR + R0 —
indirect contents. EA
GBR + RO
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 +dispx2—
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 & H'FFFF
FFFC + 4 +
disp x4 - EA

disp

(zero-extended)

PC + 4 + disp

+4 +disp x4

H'FFFF FFFC

* With longword operand
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Addressing Instruction Calculation
Mode Format Effective Address Calculation Method Formula
PC-relative  disp:8 Effective address is PC + 4 with 8-bit displacement  PC + 4 + disp

disp added after being sign-extended and x 2 — Branch-
multiplied by 2. Target
PC + 4 + disp x 2
(sign-extended)
PC-relative  disp:12 Effective address is PC + 4 with 12-bit displacement PC + 4 + disp
disp added after being sign-extended and x 2 — Branch-
multiplied by 2. Target

PC + 4 + dispx 2

(sign-extended)

Rn PC+4+Rn—

Branch-Target

PC+4+Rn
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Addressing Instruction Calculation
Mode Format Effective Address Calculation Method Formula
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
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3.3 I nstruction Set

Table 3.3 shows the notation used in the SH instruction lists shown in tables 3.4 to 3.13.

Table3.3 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
Rm: Source register
Rn: Destination register
imm: Immediate data
disp: Displacement
Operation -, Transfer direction
notation (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 (DRn, XDn, Rn_BANK)
000: DRO, XDO, 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: Fvi2
iiii: Immediate data
dddd: Displacement
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SH7724 Section 3 Instruction Set

Item Format Description

Privileged mode "Privileged" means the instruction can only be executed in

privileged mode.

T bit Value of T bit after —: No change
instruction execution
New — "New" means the instruction which has been newly added
in the SH-4A with H’20-valued VER bits in the processor
version register (PVR).
Note: Scaling (x1, x2, x4, or x8) is executed according to the size of the instruction operand.
Table3.4 Fixed-Point Transfer Instructions
Instruction Operation Instruction Code Privileged T Bit New
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  1101lnnnndddddddd — R —
+4) > Rn
MOV Rm,Rn Rm — Rn 0110nnnnmmmm0011 — — —
MOV.B Rm,@Rn Rm — (Rn) 001 0nnnnmmmm0000 — — —
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) 001 0nnnnmmmm0101 — — —
MOV.L Rm,@-Rn Rn-4 - Rn, Rm — (Rn) 001 0nnnnmmmm0110 — — —
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) 000 Innnnmmmmdddd — — —
MOV.B @(disp*, Rm),R0  (disp + Rm) — sign extension - 100001 00mmmmdddd — — —
RO
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Instruction Operation Instruction Code Privileged T Bit New

MOV.W  @(disp*, Rm),R0  (disp x 2 + Rm) — sign extension 10000101mmmmndddd — — —
— RO

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

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

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

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

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

MOV.W  @(RO, Rm),Rn (RO + Rm) —» 0000nnnnmmmm1101 — — —
sign extension — Rn

MOV.L @(RO, Rm),Rn (RO + Rm) - Rn 0000nnnnmmmm1110 — — —

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 & HFFFF FFFC ~ 11000111dddddddd — —_ -
+4 - R0

MOVCO.L RO,@Rn LDST > T 0000nnnn01110011 — LDST New
If (T==1) RO — (Rn)
0 > LDST

MOVLIL @Rm,RO 1— LDST 0000mmmm01100011 — — New
(Rm) > RO
When interrupt/exception
occurred 0 —» LDST

MOVUA.L @Rm,RO (Rm) - RO 0100mmmm10101001 — — New
Load non-boundary alignment data

MOVUA.L @Rm+,RO (Rm) - RO, Rm + 4 — Rm 0100mmmm11101001 — — New
Load non-boundary alignment data

MOVT Rn T—Rn 0000nnnn00101001 — — —

SWAP.B Rm,Rn Rm — swap lower 2 bytes 0110nnnnmmmm1 000 — — —
— Rn

SWAP.W Rm,Rn Rm — swap upper/lower 0110nnnnmmmm1001 — — —
words — Rn

XTRCT Rm,Rn Rm:Rn middle 32 bits - Rn 0010nnnnmmmm1101 — — —

Note: * The assembler of Renesas uses the value after scaling (x1, x2, or x4) as the

displacement (disp).
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Table3.5 Arithmetic Operation Instructions

Instruction Operation Instruction Code Privileged T Bit New

ADD Rm,Rn Rn + Rm — Rn 001lnnnnmmmml100 — — —

ADD #imm,Rn Rn +imm — Rn 011lnnnniiiiiiii — — —

ADDC Rm,Rn Rn+Rm+ T — Rn, 001 Innnnmmmm1110 — Carry —
carry > T

ADDV Rm,Rn Rn + Rm — Rn, 0011lnnnnmmmml1l11l — Overflow —
overflow - T

CMP/EQ  #imm,R0O When RO =imm,1 > T 100010001iiiiiiii — Comparison —
Otherwise, 0 > T result

CMP/EQ Rm,Rn WhenRn=Rm,1->T 0011nnnnmmmm0000 — Comparison —
Otherwise, 0 > T result

CMP/HS  Rm,Rn When Rn > Rm (unsigned), 001lnnnnmmmm0010 — Comparison —
1T result
Otherwise, 0 > T

CMP/GE  Rm,Rn When Rn > Rm (signed), 0011nnnnmmmm0011 — Comparison —
15T result
Otherwise, 0 > T

CMP/HI Rm,Rn When Rn > Rm (unsigned), 001lnnnnmmmm0110 — Comparison —
1T result
Otherwise, 0 > T

CMP/GT  Rm,Rn When Rn > Rm (signed), 0011nnnnmmmm0111 — Comparison —
15T result
Otherwise, 0 > T

CMP/PZ Rn WhenRn>0,1->T 0100nnnn00010001 — Comparison —
Otherwise, 0 > T result

CMP/PL  Rn WhenRn>0,1->T 0100nnnn00010101 — Comparison —
Otherwise, 0 > T result

CMP/STR Rm,Rn When any bytes are equal, 0010nnnnmmmm1100 — Comparison —
1T result
Otherwise, 0 > T

DIV1 Rm,Rn 1-step division (Rn + Rm)  0011lnnnnmmmm0100 — Calculation —

result

DIVOS Rm,Rn MSB of Rn —» Q, 0010nnnnmmmm0111 — Calculation —
MSB of Rm > M, M"Q > T result

DIVOU 0 - M/QIT 0000000000011001 — 0 —

DMULS.L Rm,Rn Signed, 001llnnnnmmmmll101l — — —
Rn x Rm — MAC,
32 x 32 — 64 bits

DMULU.L Rm,Rn Unsigned, 0011lnnnnmmmm0101 — — —
Rn x Rm — MAC,
32 x 32 — 64 bits
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Instruction

Operation

Instruction Code

Privileged T Bit

New

DT RN

Rn—-1— Rn;
whenRn=0,1->T
WhenRn=#0,0—> T

0100nnnn00010000

Comparison —

result

EXTS.B Rm,Rn

Rm sign-extended from
byte - Rn

0110nnnnmmmml1110

EXTSW Rm,Rn

Rm sign-extended from
word — Rn

0110nnnnmmmml111

EXTU.B Rm,Rn

Rm zero-extended from
byte - Rn

0110nnnnmmmml1100

EXTUW  Rm,Rn

Rm zero-extended from
word — Rn

0110nnnnmmmml101

MAC.L

@RM+@Rn+

Signed,

(Rn) x (Rm) + MAC —» MAC
Rn+4 ->Rn,Rm+4—
Rm

32 x 32 + 64 — 64 bits

0000nnnnmmmm1 111

MAC.W

@RM+@Rn+

Signed,

(Rn) x (Rm) + MAC - MAC
Rn+2 — Rn,

Rm +2 - Rm

16 x 16 + 64 — 64 bits

0100nnnnmmmm1 111

MUL.L Rm,Rn

Rn x Rm — MACL
32 x 32 — 32 bits

0000nnnnmmmmO111

MULS.W  Rm,Rn

Signed,
Rn x Rm — MACL
16 x 16 — 32 bits

0010nnnnmmmml1111

MULUW  Rm,Rn

Unsigned,
Rn x Rm — MACL
16 x 16 — 32 bits

0010nnnnmmmml 110

NEG Rm,Rn

0—-Rm — Rn

0110nnnnmmmml 011

NEGC Rm,Rn

O0-Rm-T—-Rn,
borrow — T

0110nnnnmmmml 010

Borrow

SuUB Rm,Rn

Rn - RmM — Rn

0011lnnnnmmmml 000

SUBC Rm,Rn

Rn—RmM—-T — Rn,
borrow — T

0011lnnnnmmmml 010

Borrow

SuBvV Rm,Rn

Rn - Rm — Rn,
underflow — T

001lnnnnmmmml 011

Underflow
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Table3.6 Logic Operation Instructions

Instruction Operation Instruction Code Privileged T Bit New

AND Rm,Rn Rn & Rm —» Rn 0010nnnnmmmml1001 — — —

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

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

NOT Rm,Rn ~Rm - Rn 0110nnnnmmmmO0111l — — —

OR Rm,Rn Rn|Rm — Rn 0010nnnnmmmm1 011 — — —

OR #imm,R0O RO | imm — RO 110010114iiiiiidii — — —

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

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

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

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

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

XOR Rm,Rn Rn A Rm - Rn 001 0nnnnmmmm1010 — — —

XOR  #imm,R0O RO A imm — RO 110010104iidiiidiii — — —

XOR.B #imm,@(R0,GBR) (RO + GBR) A imm — 11001110iiiiiiii — — —
(RO + GBR)
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Table3.7  Shift Instructions

Instruction Operation Instruction Code Privileged T Bit New
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 WhenRm>0,Rn<<Rm —> 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 — — -
SHLLS8 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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Table3.8 Branch Instructions

Instruction Operation Instruction Code Privileged T Bit New

BF label When T =0, dispx2+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 WhenT=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 + 10104ddddddddddd — — —
PC+4—-PC

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

BSR label  Delayed branch, PC + 4 - PR, 1011ddddddddaddd — — —
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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Table3.9 System Control Instructions

Instruction Operation Instruction Code Privileged T Bit New
CLRMAC 0 - MACH, MACL 0000000000101000 — — -
CLRS 0->S 0000000001001000 — — —
CLRT 0->T 0000000000001000 — 0 —
ICBI @RnN Invalidates instruction cache block 0000nnnn11100011 — — New
LDC Rm,SR Rm —» SR 0100mmmm00001110 Privileged LSB —
LDC Rm,GBR Rm —» GBR 0100mmmm00011110 — — —
LDC Rm,VBR Rm — VBR 0100mmmm00101110 Privileged — —
LDC Rm,SGR Rm — SGR 0100mmmm00111010 Privieged —  —
LDC Rm,SSR Rm — SSR 0100mmmm00111110 Privileged — —
LDC Rm,SPC Rm — SPC 0100mmmm01001110 Privileged — —
LDC Rm,DBR Rm — DBR 0100mmmm11111010 Privieged —  —
LDC Rm,Rn_BANK Rm — Rn_BANK (n=0to 7) 0100mmmminnn1110 Privleged —  —
LDC.L @Rm+,SR (Rm) -> SR, Rm +4 - Rm 0100mmmm00000111 Privileged LSB —
LDCL  @Rm+GBR (Rm)— GBR, Rm+4 - Rm 0100mmmm00010111 — S —
LDC.L @Rm+,VBR (Rm) - VBR, Rm +4 - Rm 0100mmmm00100111 Privileged — —
LDC.L @Rm+,SGR  (Rm) > SGR, Rm +4 — Rm 0100mmmm00110110 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 Privileged — —
LDC.L @Rm+, (Rm) —» Rn_BANK, 0100mmmmlnnn0111 Privileged — —

Rn_BANK 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, Rm+4 — Rm 0100mmmm00000110 — — —
LDS.L @Rm+,MACL (Rm)—> MACL, Rm+4 — Rm 0100mmmm00010110 — — —
LDS.L @Rm+,PR (Rm) - PR, Rm + 4 — Rm 0100mmmm00100110 — - —
LDTLB PTEH/PTEL (/PTEA) —» TLB 0000000000111000 Privileged — —
MOVCA.L RO,@Rn RO — (Rn) 0000nnnnl11000011 — - —
(without fetching cache block)

NOP No operation 0000000000001001 — — —
OcCsBI @Rn Invalidates operand cache block 0000nnnn10010011 — — —
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Instruction Operation Instruction Code Privileged T Bit New
OCBP @Rn Writes back and invalidates 0000nnnn10100011 — — —
operand cache block
OCBWB @Rn Writes back operand cache block 0000nnnn10110011 — — —
PREF @Rn (Rn) — operand cache 0000nnnn10000011 — — —
PREFI @Rn Reads 32-byte instruction block 0000nnnnl11010011 — — New
into instruction cache
RTE Delayed branch, SSR/SPC — 0000000000101011 Privileged — —
SR/PC
SETS 1->S 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 0000nnnn11111010 Privileged — —
STC Rm_BANK,Rn Rm_BANK — Rn 0000nnnnlmmm0010 Privileged —  —
(m=0to7)
STC.L  SR,@-Rn Rn—4 — Rn, SR — (Rn) 0100nnnn00000011 Privieged —  —
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) 0100nnnn11110010 Privieged — —
STC.L  Rm_BANK, Rn-4-Rn, 0100nnnnimmm0011 Privieged —  —
@-Rn 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 — — —
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SYNCO Data accesses invoked by the
following instructions are not
executed until execution of data
accesses which precede this

instruction has been completed.

0000000010101011 — — New

TRAPA  #imm PC + 2 > SPC,

SR - SSR, R15 > SGR, 1 »
SR.MD/BL/RB, #imm << 2 —
TRA,

H'160 — EXPEVT,

VBR + H'0100 — PC

Table3.10 Floating-Point Single-Precision I nstructions

Instruction Operation Instruction Code Privileged T Bit New
FLDIO FRn H'0000 0000 — FRn 1111nnnnl10001101 — — —
FLDI1 FRn H'3F80 0000 — FRn 1111nnnnl10011101 — — —
FMOV FRm,FRn FRm — FRn 111 Innnnmmmm1100 — — —
FMOV.S @Rm,FRn (Rm) > FRn 111 Innnnmmmml1 000 — — —
FMOV.S  @(RO,Rm),FRn (RO + Rm) = FRn 1111nnnnmmmm0110 — — —
FMOV.S @Rm+,FRn (Rm) »> FRn, Rm + 4 - 1111nnnnmmmml1001 — — —
Rm
FMOV.S FRm,@Rn FRm — (Rn) 111 Innnnmmmml1 010 — — —
FMOV.S FRm,@-Rn Rn-4 - Rn, FRm — (Rn)  111lnnnnmmmaml1011 — — —
FMOV.S  FRm,@(RO,Rn) FRm —> (RO + Rn) 1111nnnnmmmm0111 — — —
FMOV DRm,DRn DRm — DRn 1111nnnOmmm01100 — — —
FMOV @Rm,DRn (Rm) — DRn 1111nnnOmmmml1 000 — — —
FMOV @(RO,Rm),DRn (RO + Rm) — DRn 1111nnn0mmmm0110 — — —
FMOV @Rm+,DRn (Rm) > DRn, Rm + 8 — 1111nnnOmmmm1001 — — —
Rm
FMOV DRm,@Rn DRm — (Rn) 111Innnnmmm01010 — — —
FMOV DRm,@-Rn Rn-8 > Rn, DRM — (Rn)  1111nnnnmmm01011 — — —
FMOV DRm,@(R0O,Rn) DRmM — (RO + Rn) 111Innnnmmm00111 — — —
FLDS FRm,FPUL FRm — FPUL 1111mmmm00011101 — — —
FSTS FPUL,FRn FPUL — FRn 1111nnnn00001101 — — —
FABS FRn FRn & H'7FFF FFFF — 1111nnnn01011101 — — —
FRn
FADD FRmM,FRn FRn + FRm — FRn 111 1nnnnmmmm0000 — — —
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Instruction Operation Instruction Code Privileged T Bit New

FCMP/EQ FRm,FRn When FRNn=FRm,1 > T 111lnnnnmmmm0100 — Comparison —

Otherwise, 0 > T result
FCMP/GT FRm,FRn When FRn>FRm,1 > T 111Innnnmmmm0101 — Comparison —
Otherwise, 0 > T result

FDIV FRm,FRn FRn/FRm — FRn 111 1nnnnmomm0011 — — —

FLOAT FPUL,FRn (float) FPUL — FRn 1111nnnn00101101 — — —

FMAC FRO,FRm,FRn FRO*FRm + FRn — FRn 1111lnnnnmmmml1110 — — —

FMUL FRmM,FRn FRn*FRm — FRn 1111nnnnmmmm0010 — — —

FNEG FRn FRn A H'8000 0000 - FRn 1111nnnn01001101 — — —

FSQRT FRn \FRn — FRn 1111nnnn01101101 — — —

FSUB FRmM,FRn FRn — FRm — FRn 1111nnnnmmmm0001 — — —

FTRC FRm,FPUL (long) FRm — FPUL 1111mmmm00111101 — — —

Table3.11 Floating-Point Double-Precision I nstructions

Instruction Operation Instruction Code Privileged T Bit New

FABS DRn DRn & H'7FFF FFFF FFFF 1111nnn001011101 — — —
FFFF — DRn

FADD DRm,DRn DRn + DRm — DRn 1111InnnOmmm00000 — — —

FCMP/EQ DRm,DRn When DRn=DRm,1—->T 1111nnn0mmm00100 — Comparison —
Otherwise, 0 > T result

FCMP/GT DRm,DRn WhenDRn>DRm,1—>T 1111nnn0mmm00101 — Comparison —
Otherwise, 0 > T result

FDIV DRm,DRn DRn/DRm — DRn 1111InnnOmmm00011 — - —

FCNVDS DRm,FPUL double_to_ float(DRm) — 1111mmm010111101 — — -
FPUL

FCNVSD FPUL,DRn float_to_double (FPUL) > 1111nnn010101101 — — —
DRn

FLOAT FPUL,DRn (float)FPUL — DRn 1111nnn000101101 — — —

FMUL DRm,DRn DRn *DRm — DRn 1111nnnOmmm00010 — — —

FNEG DRn DRn ~ H'8000 0000 0000 1111nnn001001101 — — —
0000 — DRn

FSQRT DRn \VDRn — DRn 1111nnn001101101 — — —

FSuUB DRm,DRn DRn - DRm — DRn 1111nnnO0mmm00001 — — —

FTRC DRm,FPUL (long) DRm — FPUL 1111mmm000111101 — — -
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Table3.12 Floating-Point Control Instructions

Instruction Operation Instruction Code Privileged T Bit New
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 — — —

Table3.13 Floating-Point Graphics Acceleration Instructions

Instruction Operation Instruction Code Privileged T Bit New
FMOV  DRm,XDn DRm — XDn 1111nnnlmmm01100 — — —
FMOV  XDm,DRn XDm — DRn 1111nnnOmmm11100 — — —
FMOV  XDm,XDn XDm — XDn 1111nnnlmmml1 1100 — — -
FMOV  @Rm,XDn (Rm) —» XDn 1111nnnlmmmml1000 — — —

FMOV  @Rm+,XDn (Rm) - XDn, Rm + 8 - Rm 1111lnnnlmmmml 001 — — —

FMOV  @(RO,Rm),XDn (RO + Rm) — XDn 1111lnnnlmmmm0110 — — —

FMOV XDm,@Rn XDm — (Rn) 1111lnnnnmmml11010 — — —

FMOV  XDm,@-Rn Rn -8 —» Rn, XDm — (Rn) 1111lnnnnmmml1 1011 — — —

FMOV  XDm,@(RO,Rn) XDm — (RO + Rn) 1111lnnnnmmml10111 — — —

FIPR FVm,Fvn inner_product (FVm, FVn) >  1111nnmm11101101 — — —
FR[n+3]

FTRV  XMTRX,FVn transform_vector (XMTRX, 1111nn0111111101 — — —
FVn) - FVn

FRCHG ~FPSCR.FR —» FPSCR.FR 1111101111111101 — — —

FSCHG ~FPSCR.SZ —» FPSCR.SZ 1111001111111101 — — —

FPCHG ~FPSCR.PR —» FPSCR.PR 1111011111111101 — — New

FSRRA FRn 1/sgrt(FRn) — FRn 1111nnnn01111101 — — New

FSCA  FPUL,DRn sin(FPUL) —» FRn 1111nnn011111101 — — New

cos(FPUL) —» FR[n + 1]

Note: * sqrt(FRn) is the square root of FRn.
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Section 4 Pipelining

ThisLSl isa2-ILP (instruction-level-parallelism) superscalar pipelining microprocessor.
Instruction execution is pipelined, and two instructions can be executed in parallel.

4.1 Pipeines

Figure 4.1 shows the basic pipelines. Normally, a pipeline consists of eight stages: instruction
fetch (11/12/13), decode and register read (ID), execution (E/E2/E3), and write-back (WB). An

instruction is executed as a combination of basic pipelines.

1. General Pipeline

| 11 | 12 | 13 | 1D | E1 | E2 | E3 | WB |
1-Instruction fetch | -Predecode 1-Instruction 1 -Forwarding 1 -Operation 1-Write-back h
, , | decode | , , ,
i i -lssue i i i i
! ! !-Register read ! ! ! !
2. General Load/Store Pipeline

| I | 12 | 13 | 1D | E1 | E2 | E3 | WB |
:-Instruction fetch :-Predecode :-Instruction :»Address ! -Memory data access :-Write-back !
' ' 1 decode 1 calculation ' ' '
: : i-lssue : : : :
' ' -Registerread | ' ' '
3. Special Pipeline

| 11 | 12 | 13 | [5) | E1 | E2 | E3 | WB |
E-Instruction fetch : -Predecode E-Instruction E-Forwarding E-Operation E-Write-back :
' ' 1 decode ' ' ' '
i i i-Issue i i i i
! ! '-Register read ! ! ! !
4. Special Load/Store Pipeline

| I | 12 | 13 | 1D | E1 | E2 | E3 | WB |
1-Instruction fetch \-Predecode 1 -Instruction '

! ! ! decode !

' ' 1 -Issue '

i 1 | -Register read |

5. DSP Pipeline

[ 1 | 12 | 13 | 1D | DS1 | DS2 | DS3 | DS ]
!-Instruction fetch ! -Predecode !-Instruction !-Instruction ! -Instruction ! -Register read ! -Write-back !
' ' 1 decode 1+ decode 1 decode ' ' '
: : \-Issue : : : : :
6. DSP Extended Pipeline

| 11 | 12 | 13 1D | DE1 | DE2 | DE3 | DE4 | DS |
1-Instruction fetch | -Predecode -Instruction 1~Instruction i-Instruction 1-Register read | -Operation 1-Write-back !
! ! decode ! decode ! decode :-Multiplication :-Multiplication ! !
' ' -Issue ' -Register read ' ' '

Figure4.1 Basic Pipelines
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Figure 4.2 shows the instruction execution patterns. Representations in figure 4.2 and their
descriptions are listed in table 4.1.

Table4.1 Representationsof Instruction Execution Patterns

Representation Description
| E1 | E2 [ E3 [wB] CPU EX pipe is occupied
|.s1]s2]|s3|wB] CPU LS pipe is occupied (with memory access)
[s1]s2]s3]ws] CPU LS pipe is occupied (without memory access)
E1/S1 Either CPU EX pipe or CPU LS pipe is occupied
, Both CPU EX pipe and CPU LS pipe are occupied
CPU MULT operation unit is occupied
| DE1]|DE2|DE3[DE4| DS | FPU-EX pipe is occupied
[Ds1]Dps2[Ds3[Ds | FPU-LS pipe is occupied
1D ] ID stage is locked
L Both CPU and FPU pipes are occupied
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(1-1) BF, BF/S, BT, BT/S, BRA, BSR:1 issue cycle + 0 to 3 branch cycles

Lt J 12 | 13 | ID |E1/S1]E2/s2] E3/s3] WB | Note: In branch instructions that are categorized
[ as (1-1), the number of branch cycles
i may be reduced by prefetching.

L1 a2 1 (3 1 (D) | (Branch destination instruction)

(1-2) JSR, JMP, BRAF, BSRF: 1 issue cycle + 4 branch cycles

| 1 | 12 | 18 | ID [E1/STJE2/S2] E3/S3
|

Mmoo Lo (Branch destination instruction)

(1-3) RTS: 1 issue cycle + 0 to 4 branch cycles

L1 J 12 ] 1383 ] ID !E1/S1IE2/32IES/S3I WB | Note: The number of branch cycles may be
' 0 by prefetching instruction.

O @I L] (Branch destination instruction)

(1-4) RTE: 4 issue cycles + 2 branch cycles

[T 12T B 1T 10 [ si T s | s3 | ws]|
I ETsT] E2s2 [ E3s3] WB |
(.

T (2T (3 T (DY | (Branch destination instruction)

(1-5) TRAPA: 8 issue cycles + 5 cycles + 2 branch cycle

11 12 13 T ID ] S1] S2 ] S3 | WB Note: Itis 15 cycles to the ID stage
LD _JFis1|E2s2|E3s3| WB | in the first instruction of exception handler

| ID_J E1s1lF2s2 |E3s3
LD JE1s1]|E2s2
D S1]E2s2|E3s3| WB
LD 151|E2s2| E3s3| WB
E2s2|E3s3] WB |
LD JE1s1|E2s2 [E3s3| WB
'

[ (D] (12)] (13) (D) |
(1-6) SLEEP: 2 issue cycles
11 12 13 D S1 S2 S3 WB Note: Itis not constant cycles to
D N E1s1| E2s2 | E3s3| WB | the clock halted period.

Figure4.2 Instruction Execution Patterns (1)
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(2-1) 1-step operation (EX type): 1 issue cycle
EXT[SU]L.[BW], MOVT, SWAP, XTRCT, ADD*, CMP*, DIV*, DT, NEG*, SUB*, AND, AND#, NOT,
OR, OR#, TST, TST#, XOR, XOR#, ROT*, SHA*, SHL*, CLRS, CLRT, SETS, SETT, SETDMX,
SETDMY, CLRDMXY

Notes: Except for AND#, OR#, TST#, and XOR# instructions using GBR relative addressing mode
L1 | 12 | 13 | b | E1t | E2 | E3 | wB |

(2-2) 1-step operation (LS type): 1 issue cycle
MOVA

(2-3) 1-step operation (MT type): 1 issue cycle
MOV#, NOP

L | 12 | 183 | 1D [E1/S1]E2/s2]|E3/s3| WB |

(2-4) MOV (MT type): 1 issue cycle
MOV
[ T 12 T 13 T 1D [Et/st]E2/s2]E3/S3] WB |

(2-5) LDRS, LDRE (LS type): 1 issue cycle
[T 2T 138 T D T st | s2 1 3T W]

(2-6) LDRC, SETRC (CO type): 2 issue cycles

Lt [T 12 T 183 1T b [E1st]E2s2]E3s3] WB |
|D

Figure4.2 Instruction Execution Patterns(2)

Page 100 of 2354 RO1UHO0174EJ0200 Rev. 2.00

RENESAS Jan 18, 2013




SH7724 Section 4 Pipelining

(3-1) Load/store: 1 issue cycle
MOV.[BWL], MOV.[BWL] @ (d,GBR)
L | 2 | 13 | b | st | s2] s3] ws|

(3-2) AND.B, OR.B, XOR.B, TST.B: 3 issue cycles
L1t [ 2] 13 ] 1ID]st s2 | s3 | ws |

| )
D_J E1S1 E3S3

(3-3) TAS.B: 4 issue cycles

L1t [ 2] 13 ] 1ID]Sst S2 s3 | wB |
L D BEiSi| E2S2] E3S3| wB |

1D
| 2 JE1S1 | E2S2 | E3S3 | wWB |

(3-4) PREF, OCBI, OCBP, OCBWB, MOVCA.L, SYNCO: 1 issue cycle
L it [ 2] 3 1 mDJst | s2] s3] wsl]

(3-5) LDTLB: 1 issue cycle
L | 12 | 13 | D |E1st|E2s2]| E3s3]| WB |

(3-6) ICBI: 8 issue cycles + 5 cycles + 4 branch cycle

I 12 13 ID s1 s2 s3 | WB

ID_I Eisi]F2s2 [E3s3] WB

LR JEisi[E2s2] F3s3 WB|
5 cycles (min.) B ) Eis1| E2s2| E3s3] WB

(RN

| ()] (2] (13) ] (D) |
(Branch to the next instruction of ICBI.)

(3-7) PREFI: 5 issue cycles + 5 cycles + 4 branch cycle

11 12 13 ID si | s2 s3 WB
ID_J E1si

1D __§ Eis1 | E2s2 | E3s3 | WB

5 cycles (min.) LD Eis1 | E2s2 | E3s3 WB|
1D Eis1 | E2s2 | E3s3| WB

(3-8) MOVLI.L: 1 issue cycle (Branch to the next instruction of PREFI.)

L | e | 13 | b ]| st | s2] s3 | wB|

(3-9) MOVCO.L: 1 issue cycle
L | e | 13 | b | st | s2] s3 | wB|

(3-10) MOVUA.L: 2 issue cycles
LT 2 ] 13 ] b st

S3 | WB |
S2 | s3 | wB]

(]
N

Figure4.2 Instruction Execution Patterns(3)

RO1UH0174EJ0200 Rev. 2.00 Page 101 of 2354

Jan 18, 2013 RENESAS




Section 4 Pipelining SH7724

(4-1) LDC to Rp_BANK/SSR/SPC/VBR: 1 issue cycle

L1t | 12 ] 138 | D] st | s2 f s3] WB ]|

(4-2) LDC to DBR/SGR: 4 issue cycles

Ll 2] 1383 ] ID]st s2 | s3 | wB |
|ID

.

L1t | 12§ 138 | D] st | s2 f s838 1 WB |

(4-3) LDC to GBR: 1 issue cycle

(4-4) LDC to SR: 4 issue cycles + 4 branch cycles

11 12 13 1D Eis1 | F2s2 | E3s3 | WB

LT @] d3) ] (D) ]
(Branch to the
(4-5) LDC.L to Rp_BANK/SSR/SPC/VBR: 1 issue cycle next instruction.)

L 12 ] 138 1 D | st ] s2 ] s3] wB |

(4-6) LDC.L to DBR/SGR: 4 issue cycles

Ll 2] 1383 ] 1D ]st s2 | s3 1 ws |

| isE.

M
(4-7) LDC.L to GBR: 1 issue cycle

L1t [ 2] 138 [ i>]st ] s2] s3] ws]

(4-8) LDC.L to SR: 6 issue cycles + 4 branch cycles

I 12 13 ID_|E1S1 JE2S2 | E3S3| WB |

Lan |l 2§ a3) | (D) |
(Branch to the next instruction.)

Figure4.2 Instruction Execution Patterns (4)
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(4-9) STC from DBR/GBR/Rp_BANK/SSR/SPC/VBR/SGR: 1 issue cycle

L 2 T 8 ] o | st [ s2 | s3 [ wWB]|

L [ 2 T B T o | st [ s2 | s3 [ wB]|

(4-11) STC from SR: 1 issue cycle
L] 12 | 138 | ID JE1st [ E2s2 | E3s3| WB |

(4-12) STC.L from DBR/GBR/Rp_BANK/SSR/SPC/VBR/SGR: 1 issue cycle

Lt T 12 T 138 ] o J]st | s21] s3] ws]

(4-13) STC.L from RS/RE/MOD: 1 issue cycle

L1t [ 12 T 13 1 ] st | s2] s3] ws]|

(4-14) STC.L from SR: 1 issue cycle
L1 | 12 | 13 | ID |[E1S1 | E2S2 [ E3S3| wB |

L [ 2 T 38 ] m ] st I's2 1 s3 [ wB]|

(4-18) STS.L from PR: 1 issue cycle
L T2 T 138 1 b ] st T s2 1 s3] wsB]|

(4-19) BSRF, BSR, JSR delay slot instructions (PR set): 0 issue cycle

Lan 1 @2 | @3 | (p) [221) 1(?22) [ (?23) | (wB) |

Note:  The value of PR is changed in the E3 stage of delay slot instruction.
When the STS and STS.L instructions from PR are used as delay slot instructions,
changed PR value is used.

Figure4.2 Instruction Execution Patterns (5)
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(5-1) LDS to MACH/L: 1 issue cycle

L1 | 12 | 138 | D | st | s2 s3_| WB |
ms ]
(5-2) LDS.L to MACH/L: 1 issue cycle
L1 | 2 [ 138 | i | s1t | s2 S3 | wB |
L_MS |
(5-3) STS from MACH/L: 1 issue cycle
L1 | 12 | 138 | 1D | st | s2 s3_| WB |
ms ]
(5-4) STS.L from MACHY/L: 1 issue cycle
L1 | 12 [ 138 | b | s1t | s2 S3 | wB |
ms ]
(5-5) MULS.W, MULU.W: 1 issue cycle
L. [ 2 T 3 [ o [ E1 [ m2 M3 [ ms |
(5-6) DMULS.L, DMULU.L, MUL.L: 1 issue cycle
L [ 12 1 138 | b | E1T | M2 M3 |
M2 | M3 | MS |
(5-7) CLRMAC: 1 issue cycle
Lt [T 12T 13 1 > JE1 | wm2 M3 | MS |
(5-8) MAC.W: 2 issue cycle
L[ 12 1 13 | ID S1 S2 S3 | WB
1D S1 s2 | s3 | wB
M2 [ M3 | MS |
(5-9) MAC.L: 2 issue cycle
L1 | 12 1 13 | Ib S1 S2 S3 | wWB
1D S1 s2 | s3 | ws
M2 M3 ]
M2 | M3 | MS |

Figure4.2 Instruction Execution Patterns (6)
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(6-1) LDS to DSP (DSR, A0, X0, X1,Y0, Y1) : 1 issue cycle

[ T 12 T 138 T 1D [ st [ s2 [ s3]
DS1_| DS2 | DS3 | DS

(6-2) STS from DSP (DSR, A0, X0, X1, Y0, Y1) : 1 issue cycle

L1 | 12 | 138 | 1D | bsSi | bDs2 | DS3 | DS4 |
L st [ s2 1 s3] wBj
(6-3) LDS.L to DSP (DSR, A0, X0, X1,YO0, Y1) : 1 issue cycle

L [ 2 T 38 [ m [ st [ s2 ] s3 [ wB]|
DS1 | DS2 | DS3 | DS

(6-4) STS.L from DSP (DSR, A0, X0, X1, Y0, Y1) : 1 issue cycle

L1t [ 12 ] 138 | b | DSt | DS2 | DS3 | DS4 |
L s1 ] s2 ] s3 | wB |

(6-5) MOVS : 1 issue cycle

[ 1T 12 T 13 ] D [ st | s2 ] s3 [ WB |
L[ Dsi | bs2 | bs3 | DS |

(6-6) MOVX/NOPX, MOVY/NOPY (Without DSP operation, 16-bit instruction) : 1 issue cycle

L | 12 | 138 ] D] st | s2] s3] wsl|
DS1 | Ds2 | pS3 | DS |

(6-7) MOVX/NOPX, MOVY/NOPY (With DSP operation, 32-bit instruction) : 1 issue cycle

L [ 12 T 13 | b S1 S2 S3_| WB
DS1_| DS2 | DS3 | _Ds
DE1_| DE2 | DE3 | DE4 | DS |

Figure4.2 Instruction Execution Patterns (7)
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(6-12) Single-precision FABS, FNEG/double-precision FABS, FNEG: 1 issue cycle

L1 | 12 | D | st | s2 | s3 |
L FSt [ Fs2 | FS3 | Fs4 | Fs |

(6-13) FLDIO, FLDI1: 1 issue cycle

L1 | 12 | D | st | s2 | s3 |
L FSt [ Fs2 | Fs3 | Fs4 | FsS |

(6-14) Single-precision floating-point computation: 1 issue cycle
FCMP/EQ, FCMP/GT, FADD, FLOAT, FMAC, FMUL, FSUB, FTRC, FRCHG, FSCHG, FPCHG

L1t | 12 | b [ FE1 | FE2 | FES | FE4 | FE5 | FE6 | FS |

(6-15) Single-precision FDIV/FSQRT: 1 issue cycle

—_

L 11 | 12 | ID | FEl FE2 | FE3 | FE4 | FE5 | FE6 | FS |
FEDS (Divider occupied cycle)

|LFE3 | FE4 | FE5 | FE6 | FS |

(6-16) Double-precision floating-point computation: 1 issue cycle
FCMP/EQ, FCMP/GT, FADD, FLOAT, FSUB, FTRC, FCNVSD, FCNVDS

L1 [ 12 | D [FE1 | FE2 | FES | FE4 | FE5 | FE6 | FS |

(6-17) Double-precision floating-point computation: 1 issue cycle
FMUL

L1t | 12 | b [ FE1 | FE2 | FE3 | FE4 | FE5 | FE6 | FS
_FE1 E2 E3 | FE4 | FE5 | FE6 | FS
FE1 | FE2 | FE3 | FE4 | FE5 | FE6 | FS

(6-18) Double-precision FDIV/FSQRT: 1 issue cycle

L

[A [ 12 | 1D | Fe1 | FE2 | FE3 | FE4 | FE5 | FE6 | FS |
FEDS (Divider occupied cycle)

[ FE3 T FE4 | FE5 | FE6 | FS |
| FE3 | FE4 | FE5 | FE6 | FS |

Figure4.2 Instruction Execution Patterns (8)
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(6-19) FIPR: 1 issue cycle

L1 | 12 | D | FE1 | FE2 | FE3 | FE4 | FE5 | FE6 | FS
(6-20) FTRV: 1 issue cycle
L1 [ 12 | 1D | FE1 FE2 FE3 FE4 FE5 FE6 FS
FE1 FE2 FE3 FE4 FE5 FE6 FS
FE1 FE2 FE3 FE4 FE5 FE6 ES
FE1 FE2 FE3 FE4 FE5 FE6 FS |
(6-21) FSRRA: 1 issue cycle
L | 12 | b | FE1 | FE2 | FE3 | FE4 | FE5 | FE6 | FS
| FEPL ]
Function computing unit occupied cycle
(6-22) FSCA: 1 issue cycle
L1 [ 12 | 1D | FE1 FE2 FE3 FE4 FE5 FE6 FS
FE1 FE2 FE3 FE4 FE5 FE6 FS
FE1 FE2 FE3 FE4 FE5 FE6 FS |

| FEPL

Function computing unit occupied cycle

Figure4.2 Instruction Execution Patterns(9)
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4.2

Par allel-Executability

Instructions are categorized into six groups according to the internal function blocks used, as
shown in table 4.2. Table 4.3 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.

Table4.2 Instruction Groups

Instruction

Group Instruction

EX ADD DT ROTL SHLRS
ADDC EXTS ROTR SHLR16
ADDV EXTU SETS SUB
AND #mm,RO MOVT SETT SUBC
AND Rm,Rn MUL.L SHAD SUBV
CLRMAC MULS.W SHAL SWAP
CLRS MULU.W SHAR TST #imm,RO
CLRT NEG SHLD TST Rm,Rn
CMP NEGC SHLL XOR #imm,R0
DIVOS NOT SHLL2 XOR Rm,Rn
DIVOU OR #imm,R0 SHLLS8 XTRCT
DIV1 OR Rm,Rn SHLL16
DMUS.L ROTCL SHLR
DMULU.L ROTCR SHLR2

MT MOV #imm,Rn MOV Rm,Rn NOP

BR BF BRAF BT JSR
BF/S BSR BT/S RTS
BRA BSRF JIMP

LS FABS FMOV.S FR,@adr MOV.[BWL] @adr,R STC CR2,Rn
FNEG FSTS MOV.[BWL] R,@adr STC.L CR2,@-Rn
FLDIO LDC Rm,CR1 MOVA STS SR2,Rn
FLDI1 LDC.L @Rm+,CR1 MOVCA.L STS.L SR2,@-Rn
FLDS LDS Rm,SR1 MOVUA STS SR1,Rn
FMOV @adr,FR LDS Rm,SR2 OCBI STS.L SR1,@-Rn
FMOV FR,@adr LDS.L @adr,SR2 OCBP
FMOV FR,FR LDS.L @Rm+,SR1 OCBWB
FMOV.S @adr,FR LDS.L @Rm+,SR2 PREF
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Instruction
Group Instruction
FE FADD FDIV FRCHG FSCA
FSUB FIPR FSCHG FSRRA
FCMP (S/D) FLOAT FSQRT FPCHG
FCNVDS FMAC FTRC
FCNVSD FMUL FTRV
co AND.B #mm,@(R0,GBR)  LDC.L @Rm+,SR PREFI TRAPA
ICBI LDTLB RTE TST.B #imm,@(R0,GBR)
LDC Rm,DBR MAC.L SLEEP XOR.B #imm,@(R0,GBR)
LDC Rm, SGR MAC.W STC SR,Rn
LDC Rm,SR MOVCO STC.L SR,@-Rn
LDC.L @Rm+,DBR MOVLI SYNCO
LDC.L @Rm+,SGR OR.B #imm,@(R0,GBR) TAS.B
[Legend]
R: Rm/Rn

@adr: Address

SR1: MACH/MACL/PR
SR2: FPUL/FPSCR
CR1: GBR/Rp_BANK/SPC/SSR/VBR
CR2: CRI1/DBR/SGR
FR: FRmM/FRn/DRmM/DRn/XDm/XDn

The parallel execution of two instructions can be carried out under following conditions.

1. Both addr (preceding instruction) and addr+2 (following instruction) are specified within the
minimum page size (1 Kbyte).
2. The execution of these two instructions is supported in table 4.3, Combination of Preceding
and Following Instructions.
3. Dataused by aninstruction of addr does not conflict with data used by a previous instruction
4. Dataused by aninstruction of addr+2 does not conflict with data used by a previous

instruction

5. Bothinstructions are valid
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Table4.3 Combination of Preceding and Following Instructions

Preceding Instruction (addr)

EX MT BR LS FE (6{0)
Following EX No Yes Yes Yes Yes
ngtég;) n MT Yes Yes Yes Yes Yes
BR Yes Yes No Yes Yes
LS Yes Yes Yes No Yes
FE Yes Yes Yes Yes No
CO No
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4.3 I ssue Rates and Execution Cycles

Instruction execution cycles are summarized in table 4.4. Instruction Group in the table 4.4
corresponds to the category in the table 4.2. Penalty cycles due to a pipeline stall are not
considered in the issue rates and execution cyclesin this section.

1. Issue Rate
Issue rates indicates the issue period between one instruction and next instruction.

E.g. AND.B instruction

L | 12 ] 138 ID S1 S2 | s3 | wB |

1D
ID_JE1ST] E252 [ E3S3] wWB |
Issue rate: 3
Next instruction (1) | _(12) | (13) (D) |
E.g. MAC.W instruction

| 1| 12 | 13 1D S1 S2 S3 WB

1D S1 S2 S3 WB

M2 M3 | mS |

Issue rate: 2

-

L_(1) (2 | @3 | (D) |

2. Execution Cycles
Execution cycles indicates the cycle counts an instruction occupied the pipeline based on the next rules.

CPU instruction Execution Cycles: 3
E.g. AND.B instruction

L | 12 T 13 | Ib S1 s2 | s3 WB_|

ID | E1S1| E2S2 | E3S3| wB

E.g. MAC.W instruction Execution Cycles: 4

L [ 12 T 13 T b S1 S2 S3 | _WB
1D S1 S2 S3 | WB
M2 M3 [ MS

DSP instruction

E.g. MOVX, MOVY instruction Execution Cycles: 1
L] 2 [ 18 [ D S1 s2 | s3 | ws
L1 DSt | DS2 | DS3 | Ds4
E.g. NOPX, NOPY, PADD instruction Execution Cycles: 1
Lo 2 [ 18 [ D S1 s2 | s3 [ wB

I: DS1 DS2 DS3 | DS4
DE1 DE2 DE3 | DE4 D5
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Table4.4 |ssueRatesand Execution Cycles

Functional Instruction Execution Execution

Category No. Instruction Group Issue Rate Cycles Pattern

Datatransfer 1 EXTS.B Rm,Rn EX 1 1 2-1

Instructions EXTS.W Rm,Rn EX 1 1 2-1
3 EXTU.B Rm,Rn EX 1 1 2-1
4 EXTU.W Rm,Rn EX 1 1 2-1
5 MOV Rm,Rn MT 1 1 2-4
6 MOV #imm,Rn MT 1 1 2-3
7  MOVA @(disp,PC),R0 LS 1 1 2-2
8  MOV.W @(disp,PC),Rn LS 1 1 3-1
9 MOV.L @(disp,PC),Rn LS 1 1 31
10 MOV.B @Rm,Rn LS 1 1 3-1
11 MOV.W @Rm,Rn LS 1 1 3-1
12 MOV.L @Rm,Rn LS 1 1 3-1
13 MOV.B @Rm+,Rn LS 1 1 3-1
14 MOV.W @Rm+,Rn LS 1 1 3-1
15 MOV.L @Rm+,Rn LS 1 1 3-1
16 MOV.B @(disp,Rm),R0O LS 1 1 31
17 MOV.W @(disp,Rm),R0O LS 1 1 31
18 MOV.L @(disp,Rm),Rn LS 1 1 3-1
19 MOV.B @(RO,Rm),Rn LS 1 1 3-1
20 MOV.W @(RO,Rm),Rn LS 1 1 31
21 MOV.L @(RO,Rm),Rn LS 1 1 3-1
22 MOV.B @(disp,GBR),R0 LS 1 1 31
23 MOV.W @(disp, GBR),R0O LS 1 1 31
24  MOV.L @(disp, GBR),R0 LS 1 1 31
25 MOV.B Rm,@Rn LS 1 1 3-1
26 MOV.W Rm,@Rn LS 1 1 3-1
27 MOV.L Rm,@Rn LS 1 1 3-1
28 MOV.B Rm,@-Rn LS 1 1 3-1
29 MOV.W Rm,@-Rn LS 1 1 3-1
30 MOV.L Rm,@-Rn LS 1 1 3-1
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Functional Instruction Execution Execution
Category No. Instruction Group Issue Rate Cycles Pattern
Data transfer 31 MOV.B RO,@(disp,Rn) LS 1 1 31
nstructions 32 MOV.W RO, @(disp,Rn) LS 1 1 3-1
33 MOV.L Rm,@(disp,Rn) LS 1 1 3-1
34 MOV.B Rm,@(RO,Rn) LS 1 1 31
35 MOV.W Rm,@(R0O,Rn) LS 1 1 3-1
36 MOV.L Rm,@(R0O,Rn) LS 1 1 3-1
37 MOV.B RO,@(disp,GBR) LS 1 1 3-1
38 MOV.W RO,@(disp,GBR) LS 1 1 31
39 MOV.L RO,@(disp,GBR) LS 1 1 3-1
40 MOVCA.L RO,@Rn LS 1 1 3-4
41 MOVCO.L RO,@Rn CcO 1 1 3-9
42  MOVLILL @Rm,RO CcO 1 1 3-8
43  MOVUA.L @Rm,RO LS 2 2 3-10
44 MOVUA.L @Rm+,R0O LS 2 2 3-10
45 MOVT Rn EX 1 1 2-1
46 OCBI @Rn LS 1 1 3-4
47 OCBP @RnN LS 1 1 34
48 OCBWB @RnN LS 1 1 34
49 PREF @Rn LS 1 1 3-4
50 SWAP.B Rm,Rn EX 1 1 2-1
51 SWAP.W Rm,Rn EX 1 1 2-1
52 XTRCT Rm,Rn EX 1 1 2-1
Fixed-point 53 ADD Rm,Rn EX 1 1 2-1
?r::t?lrj'l‘;tg;s 54 ADD #imm,Rn EX 1 1 21
55 ADDC Rm,Rn EX 1 1 2-1
56 ADDV Rm,Rn EX 1 1 2-1
57 CMP/EQ #imm,R0O EX 1 1 2-1
58 CMP/EQ Rm,Rn EX 1 1 2-1
59 CMP/GE Rm,Rn EX 1 1 2-1
60 CMP/GT Rm,Rn EX 1 1 2-1
61 CMP/HI Rm,Rn EX 1 1 2-1
62 CMP/HS Rm,Rn EX 1 1 2-1
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Functional Instruction Execution Execution
Category No. Instruction Group Issue Rate Cycles Pattern
Fixed-point 63 CMP/PL Rn EX 1 1 2-1
|ar:lsttr|]Lr]1(:T|tcl)(l:’]s 64 CMP/PZ  Rn EX 1 1 21

65 CMP/STR Rm,Rn EX 1 1 2-1

66 DIVOS Rm,Rn EX 1 1 2-1

67 DIVOU EX 1 1 2-1

68 DIVl Rm,Rn EX 1 1 2-1

69 DMULS.L Rm,Rn EX 1 2 5-6

70 DMULU.L Rm,Rn EX 1 2 5-6

71 DT Rn EX 1 1 2-1

72 MAC.L @Rm+,@Rn+ CcO 2 5 5-9

73  MAC.W @Rm+,@Rn+ Cco 2 4 5-8

74 MUL.L Rm,Rn EX 1 2 5-6

75 MULS.W Rm,Rn EX 1 1 5-5

76  MULU.W Rm,Rn EX 1 1 5-5

77 NEG Rm,Rn EX 1 1 2-1

78 NEGC Rm,Rn EX 1 1 2-1

79 SUB Rm,Rn EX 1 1 2-1

80 SUBC Rm,Rn EX 1 1 2-1

81 SUBV Rm,Rn EX 1 1 2-1
Logical 82 AND Rm,Rn EX 1 1 2-1
INStrUCtionss - “g3 ™ AND #mm,RO EX 1 1 21

84 AND.B #imm,@(R0O,GBR) CO 3 3 3-2

85 NOT Rm,Rn EX 1 1 2-1

86 OR Rm,Rn EX 1 1 2-1

87 OR #imm,R0O EX 1 1 2-1

88 OR.B #imm,@(R0O,GBR) CcO 3 3 3-2

89 TAS.B @Rn Cco 4 4 3-3

90 TST Rm,Rn EX 1 1 2-1

91 TST #imm,R0O EX 1 1 2-1

92 TST.B #imm,@(R0O,GBR) CcO 3 3 3-2

93 XOR Rm,Rn EX 1 1 2-1

94 XOR #imm,R0O EX 1 1 2-1

95 XOR.B #imm,@(RO,GBR) co 3 3 3-2
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Functional Instruction Execution Execution
Category No. Instruction Group Issue Rate Cycles Pattern
Shift 96 ROTL Rn EX 1 1 2-1
instructions "9 RoTR RN EX 1 1 21
98 ROTCL Rn EX 1 1 2-1
99 ROTCR Rn EX 1 1 2-1
100 SHAD Rm,Rn EX 1 1 2-1
101 SHAL Rn EX 1 1 2-1
102 SHAR Rn EX 1 1 2-1
103 SHLD Rm,Rn EX 1 1 2-1
104 SHLL Rn EX 1 1 2-1
105 SHLL2 Rn EX 1 1 2-1
106 SHLL8 Rn EX 1 1 2-1
107 SHLL16 Rn EX 1 1 2-1
108 SHLR Rn EX 1 1 2-1
109 SHLR2 Rn EX 1 1 2-1
110 SHLRS8 Rn EX 1 1 2-1
111 SHLR16 Rn EX 1 1 2-1
Branch 112 BF disp BR 1+0to 2 1 1-1
instructions 115" gr/g disp BR 1+0t02 1 11
114 BT disp BR 1+0to 2 1 1-1
115 BT/S disp BR 1+0to 2 1 1-1
116 BRA disp BR 1+0to 2 1 1-1
117 BRAF Rm BR 1+3 1 1-2
118 BSR disp BR 1+0to 2 1 1-1
119 BSRF Rm BR 1+3 1 1-2
120 JMP @RnN BR 1+3 1 1-2
121 JSR @Rn BR 1+3 1 1-2
122 RTS BR 1+0to 3 1 1-3
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Functional Instruction Execution Execution
Category No. Instruction Group Issue Rate Cycles Pattern
System 123 NOP MT 1 1 2-3
icnosT:Lc::Ition 124 CLRMAC EX 1 1 57
125 CLRS EX 1 1 2-1
126 CLRT EX 1 1 2-1
127 ICBI @Rn CcO 8+5+3 13 3-6
128 SETS EX 1 1 2-1
129 SETT EX 1 1 2-1
130 PREFI @Rn CcO 5+5+3 10 3-7
131 SYNCO CO Undefined Undefined 3-4
132 TRAPA #imm CcO 8+5+1 13 1-5
133 RTE CcO 4+1 4 1-4
134 SLEEP CO Undefined Undefined 1-6
135 LDTLB co 1 1 3-5
136 LDC Rm,DBR CcO 4 4 4-2
137 LDC Rm,SGR CcO 4 4 4-2
138 LDC Rm,GBR LS 1 1 4-3
139 LDC Rm,Rp_BANK LS 1 1 4-1
140 LDC Rm,SR CO 4+3 4 4-4
141 LDC Rm,SSR LS 1 1 4-1
142 LDC Rm,SPC LS 1 1 4-1
143 LDC Rm,VBR LS 1 1 4-1
144 LDC.L @Rm+,DBR CcO 4 4 4-6
145 LDC.L @Rm+,SGR CcO 4 4 4-6
146 LDC.L @Rm+,GBR LS 1 1 4-7
147 LDC.L @Rm+,Rp_BANK LS 1 1 4-5
148 LDC.L @Rm+,SR CcO 6+3 4 4-8
149 LDC.L @Rm+,SSR LS 1 1 4-5
150 LDC.L @Rm+,SPC LS 1 1 4-5
151 LDC.L @Rm+,VBR LS 1 1 4-5
152 LDS Rm,MACH LS 1 1 5-1
153 LDS Rm,MACL LS 1 1 5-1
154 LDS Rm,PR LS 1 1 4-13
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Functional Instruction Execution Execution
Category No. Instruction Group Issue Rate Cycles Pattern
System 155 LDS.L @Rm+,MACH LS 1 1 5-2
icnos':::;'ﬁons 156 LDS.L @Rm+MACL Ls 1 1 5.2
157 LDS.L @Rm+,PR LS 1 1 4-14
158 STC DBR,Rn LS 1 1 4-9
159 STC SGR,Rn LS 1 1 4-9
160 STC GBR,Rn LS 1 1 4-9
161 STC Rp_BANK,Rn LS 1 1 4-9
162 STC SR,Rn CcO 1 1 4-10
163 STC SSR,Rn LS 1 1 4-9
164 STC SPC,Rn LS 1 1 4-9
165 STC VBR,Rn LS 1 1 4-9
166 STC.L DBR,@-Rn LS 1 1 4-11
167 STC.L SGR,@-Rn LS 1 1 4-11
168 STC.L GBR,@-Rn LS 1 1 4-11
169 STC.L Rp_BANK,@-Rn LS 1 1 4-11
170 STC.L SR,@-Rn CO 1 1 4-12
171 STC.L SSR,@-Rn LS 1 1 4-11
172 STC.L SPC,@-Rn LS 1 1 4-11
173 STC.L VBR,@-Rn LS 1 1 4-11
174 STS MACH,Rn LS 1 1 5-3
175 STS MACL,Rn LS 1 1 5-3
176 STS PR,Rn LS 1 1 4-15
177 STS.L MACH,@-Rn LS 1 1 5-4
178 STS.L MACL,@-Rn LS 1 1 5-4
179 STS.L PR,@-Rn LS 1 1 4-16
Single- 180 FLDIO FRn LS 1 1 6-13
:;Z‘i:i;goim 181 FLDI1 FRN LS 1 1 6-13
instructions 182 FMOV FRm,FRn LS 1 1 6-9
183 FMOV.S @Rm,FRn LS 1 1 6-9
184 FMOV.S @Rm+,FRn LS 1 1 6-9
185 FMOV.S @(RO,Rm),FRn LS 1 1 6-9
186 FMOV.S FRm,@Rn LS 1 1 6-9
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Functional Instruction Execution Execution
Category No. Instruction Group Issue Rate Cycles Pattern
Single- 187 FMOV.S FRm,@-Rn LS 1 1 6-9
ﬁgiﬁ;’_zoim 188 FMOV.S  FRm,@(RO,Rn) LS 1 1 6-9
instructions 189 FLDS FRm,FPUL LS 1 1 6-10
190 FSTS FPUL,FRn LS 1 1 6-11
191 FABS FRn LS 1 1 6-12
192 FADD FRmM,FRn FE 1 1 6-14
193 FCMP/EQ FRmM,FRn FE 1 1 6-14
194 FCMP/GT FRmM,FRnN FE 1 1 6-14
195 FDIV FRm,FRn FE 1 14 6-15
196 FLOAT FPUL,FRn FE 1 1 6-14
197 FMAC FRO,FRm,FRn FE 1 1 6-14
198 FMUL FRm,FRn FE 1 1 6-14
199 FNEG FRn LS 1 1 6-12
200 FSQRT FRn FE 1 14 6-15
201 FSUB FRmM,FRn FE 1 1 6-14
202 FTRC FRm,FPUL FE 1 1 6-14
203 FMOV DRm,DRn LS 1 1 6-9
204 FMOV @Rm,DRn LS 1 1 6-9
205 FMOV @Rm+,DRn LS 1 1 6-9
206 FMOV @(RO,Rm),DRn LS 1 1 6-9
207 FMOV DRm,@Rn LS 1 1 6-9
208 FMOV DRm,@-Rn LS 1 1 6-9
209 FMOV DRm,@(RO,Rn) LS 1 1 6-9
Double- 210 FABS DRn LS 1 1 6-12
][’I;Z‘i:isgomt 211 FADD DRm,DRnN FE 1 1 6-16
instructions 212 FCMP/EQ  DRm,DRn FE 1 1 6-16
213 FCMP/GT DRm,DRn FE 1 1 6-16
214 FCNVDS DRm,FPUL FE 1 1 6-16
215 FCNVSD FPUL,DRn FE 1 1 6-16
216 FDIV DRm,DRn FE 1 30 6-18
217 FLOAT FPUL,DRn FE 1 1 6-16
218 FMUL DRm,DRn FE 1 3 6-17
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Functional Instruction Execution Execution
Category No. Instruction Group Issue Rate Cycles Pattern
Double- 219 FNEG DRn LS 1 1 6-12
ﬁgiﬁgoim 220 FSQRT DRn FE 1 30 6-18
instructions 221 FSUB DRm,DRn FE 1 1 6-16
222 FTRC DRm,FPUL FE 1 1 6-16
FPU system 223 LDS Rm,FPUL LS 1 1 6-1
icnosr::::“ons 224 LDS Rm,FPSCR LS 1 1 6-5
225 LDS.L @Rm+,FPUL LS 1 1 6-3
226 LDS.L @Rm+,FPSCR LS 1 1 6-7
227 STS FPUL,Rn LS 1 1 6-2
228 STS FPSCR,Rn LS 1 1 6-6
229 STS.L FPUL,@-Rn LS 1 1 6-4
230 STS.L FPSCR,@-Rn LS 1 1 6-8
Graphics 231 FMOV DRm,XDn LS 1 1 6-9
acceleration %3, Evov XDm,DRn Ls 1 1 6-9
instructions
233 FMOV XDm,XDn LS 1 1 6-9
234 FMOV @Rm,XDn LS 1 1 6-9
235 FMOV @Rm+,XDn LS 1 1 6-9
236 FMOV @(R0O,Rm),XDn LS 1 1 6-9
237 FMOV XDm,@Rn LS 1 1 6-9
238 FMOV XDm,@-Rn LS 1 1 6-9
239 FMOV XDm,@(RO,Rn) LS 1 1 6-9
240 FIPR FVm,FVn FE 1 1 6-19
241 FRCHG FE 1 1 6-14
242 FSCHG FE 1 1 6-14
243 FPCHG FE 1 1 6-14
244 FSRRA FRn FE 1 1 6-21
245 FSCA FPUL,DRn FE 1 3 6-22
246 FTRV XMTRX,FVn FE 1 4 6-20
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Section 5 Exception Handling

51 Summary of Exception Handling

Exception handling processing is handled by a specia routine which is executed by areset,
general exception handling, or interrupt. For example, if the executing instruction ends
abnormally, appropriate action must be taken in order to return to the original program sequence,
or report the abnormality before terminating the processing. The process of generating an
exception handling request in response to abnormal termination, and passing control to a user-
written exception handling routine, in order to support such functions, is given the generic name of
exception handling.

The exception handling in this LSl is of three kinds: resets, general exceptions, and interrupts.
52 Register Descriptions
Table 5.1 lists the configuration of registers related exception handling.

Table5.1 Register Configuration

Area 7
Register Name Abbr. R/W P4 Address* Address* Access Size
TRAPA exception register TRA R/W H'FFO0 0020 H'1F00 0020 32
Exception event register EXPEVT R/W H'FF0O0 0024 H'1F00 0024 32
Interrupt event register INTEVT R/W H'FFO0 0028 H'1F00 0028 32

Non-support detection exception EXPMASK R/W H'FF2F 0004 H'1F2F 0004 32
register

Note: * P4 is the address when virtual address space P4 area is used. Area 7 is the address
when physical address space area 7 is accessed by using the TLB.

Table5.2 Statesof Register in Each Operating Mode

Software Module
Abbr. Power-on Reset Manual Reset Standby Standby  U-Standby Sleep
TRAPA Undefined Undefined Retained o Undefined Retained
EXPEVT H'0000 0000 H'0000 0020 Retained — H'0000 0000  Retained
INTEVT Undefined Undefined Retained o Undefined Retained
EXPMASK H'0000 001F H'0000 0001F Retained — H'0000 001F  Retained
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521 TRAPA Exception Register (TRA)

The TRAPA exception register (TRA) consists of 8-bit immediate data (imm) for the TRAPA
instruction. TRA is set automatically by hardware when a TRAPA instruction is executed. TRA

can aso be modified by software.

Bitt 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
Initial value: 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
RW: R R R R R R R R R R R R R R R R
Bit 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
[-[-[-]-]-1-1 TRACODE [ - | - |
Initial value: 0 0 0 0 0 0 — — — — — — - - 0 0
RW: R R R R R R RW RW RW RW RW RW RW RW R R
Bit Bit Name Initial Value R/W  Description
31t0 10 — All0 R Reserved
For details on reading/writing this bit, see General
Precautions on Handling of Product.
9to 2 TRACODE Undefined R/W  TRAPA Code
8-bit immediate data of TRAPA instruction is set
1,0 — All0 R Reserved

For details on reading/writing this bit, see General
Precautions on Handling of Product.
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522 Exception Event Register (EXPEVT)

The exception event register (EXPEVT) consists of a 12-bit exception code. The exception code
set in EXPEVT isthat for areset or general exception event. The exception codeis set
automatically by hardware when an exception occurs. EXPEVT can aso be modified by software.

Bit: 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
Initial value: 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
RW: R R R R R R R R R R R R R R R R
Bitt 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
|—|— —|—| EXPCODE |
Initial value: 0 0 0 0 0 0 0 0 0 0o 01 o0 0 0 0 0
RW: R R R R RW RW RW RW RW RW RW RW RW RW RW RW
Initial
Bit Bit Name  Value R/W  Description
31to12 — All O R Reserved
For details on reading/writing this bit, see General
Precautions on Handling of Product.
11to0 EXPCODE H'000or R/W Exception Code
H'020

The exception code for a reset or general exception is
set. For details, see table 5.3.
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523 Interrupt Event Register (INTEVT)

Theinterrupt event register INTEVT) consists of a 14-bit exception code. The exception code is
set automatically by hardware when an exception occurs. INTEV T can also be modified by

software.

Bit: 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
Initial value: 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
R/W: R R R R R R R R R R R R R R R R
Bit: 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
| — | — | INTCODE |

Initial value: 0 0 —
R/W: R R

RW RW RW RW RW RW RW RW RW RW RW RW RW RW

Initial
Bit Bit Name  Value R/W  Description
3lto14 — AllO R Reserved
For details on reading/writing this bit, see General
Precautions on Handling of Product.
13to0 INTCODE Undefined R/W  Exception Code

The exception code for an interrupt is set. For details,
see table 5.3.
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524 Non-Support Detection Exception Register (EXPMASK)

The non-support detection exception register (EXPMASK) is used to enable or disable the
generation of exceptionsin response to the use of any of functions 1 to 3 listed below. The
functions of 1 to 3 are planned not to be supported in the future SuperH-family products. The
exception generation functions of EXPMASK can be used in advance of execution; the detection
function then checks for the use of these functions in the software. Thiswill ease the transfer of
software to the future SuperH-family products that do not support the respective functions.

1. Handling of an instruction other than the NOP instruction in the delay slot of the RTE
instruction.

2. Handling of the SLEEP instruction in the delay slot of the branch instruction.
3. Performance of 1C/OC memory-mapped associative write operations.

According to the value of EXPMASK, functions 1 and 2 can generate aslot illegal instruction
exception, and 3 can generate a data address error exception.

Generation of each exception can be disabled by writing 1 to the corresponding bit in EXPMASK.
However, it is recommended that the above functions should not be used when making a program
to maintain the compatibility with the future products.

Use the store instruction of the CPU to update EXPMASK. After updating the register and then
reading the register once, execute either of the following instructions. Executing either instruction
guarantees the operation with the updated register value.

e Execute the RTE instruction.
e Execute the ICBI instruction for any address (including non-cacheable area).

Bit: 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
.«-ftr-r-fr-f-fr-ft-r-r-7-J7-1-17-7T-7T-7T-]

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

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

Bit: 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
- -1-T-T-[-[-[T-T-7-7-J [ [EFFE]

Initial value: 0 0 0 0 0 0 0 0 0 0 0 1 0 0 1 1
R/W: R R R R R R R R R R R R/W R R RW  R/W
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Bit Bit Name

Initial
Value

R/W

Description

3lto5 —

AllO

Reserved

For details on reading/writing these bits, see General
Precautions on Handling of Product.

4 MMCAW

R/W

Memory-Mapped Cache Associative Write

0: Memory-mapped cache associative write is disabled.
(A data address error exception will occur.)

1: Memory-mapped cache associative write is enabled.

For further details, refer to section 8.6.5, Memory-
Mapped Cache Associative Write Operation.

3,2 —

AllO

Reserved

For details on reading/writing these bits, see General
Precautions on Handling of Product.

1 BRDSSLP

1

R/W

Delay Slot SLEEP Instruction

0: The SLEEP instruction in the delay slot is disabled.
(The SLEEP instruction is taken as a slot illegal
instruction.)

1: The SLEEP instruction in the delay slot is enabled.

0 RTEDS

1

R/W

RTE Delay Slot

0: An instruction other than the NOP instruction in the
delay slot of the RTE instruction is disabled. (An
instruction other than the NOP instruction is taken as
a slot illegal instruction).

1: An instruction other than the NOP instruction in the
delay slot of the RTE instruction is enabled.
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53 Exception Handling Functions
531 Exception Handling Flow

In exception handling, the contents of the program counter (PC), status register (SR), and R15 are
saved in the saved program counter (SPC), saved status register (SSR), and saved general
registerl5 (SGR), and the CPU starts execution of the appropriate exception handling routine
according to the vector address. An exception handling routine is a program written by the user to
handl e a specific exception. The exception handling routine is terminated and control returned to
the original program by executing a return-from-exception instruction (RTE). Thisinstruction
restores the PC and SR contents and returns control to the normal processing routine at the point at
which the exception occurred. The SGR contents are not written back to R15 with an RTE
instruction.

The basic processing flow is as follows. For the meaning of the SR hits, see section 2,
Programming Model.

The PC, SR, and R15 contents are saved in SPC, SSR, and SGR, respectively.

The block bit (BL) in SRissetto 1.

The mode bit (MD) in SRisset to 1.

The register bank bit (RB) in SRisset to 1.

In areset, the FPU disable bit (FD) in SR is cleared to 0.

The exception code is written to the bits 11 to 0 in exception event register (EXPEVT) or the

bits 13 to O in interrupt event register (INTEVT).

7. When the interrupt mode switch bit (INTMU) in CPUOPM has been 1, the interrupt mask
level bit (IMASK) in SR is changed to accepted interrupt level.

8. The CPU branches to the determined exception handling vector address, and the exception

handling routine begins.

o gk~ whE

532 Exception Handling Vector Addresses

The reset vector address is fixed at H'A0000000. Exception and interrupt vector addresses are
determined by adding the offset for the specific event to the vector base address, which is set by
software in the vector base register (VBR). In the case of the TLB miss exception, for example,
the offset is H'00000400, so if H'9C080000 is set in VBR, the exception handling vector address
will be H'9C080400. If a further exception occurs at the exception handling vector address, a
duplicate exception will result, and recovery will be difficult; therefore, addresses that are not to
be converted (in P1 and P2 areas) should be specified for vector addresses.
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54 Exception Typesand Priorities

Table 5.3 shows the types of exceptions, with their relative priorities, vector addresses, and

exception/interrupt codes.

Table5.3 Exceptions

Exception Transition

Direction*®
Exception Execution Priority Priority Vector Exception
Category Mode Exception Level*> Order** Address Offset  Code*’
Reset Abort type  Power-on reset 1 1 H'A000 0000 — H'000
Manual reset 1 2 H'A000 0000 — H'020
H-UDI reset 1 1 H'A000 0000 — H'000
Instruction TLB multiple-hit 1 3 H'A000 0000 — H'140
exception
Data TLB multiple-hit exception 1 4 H'A000 0000 — H'140
General Re- User break before instruction 2 0 (VBR/DBR) H100/— H1EO
exception execution  execution*
type Instruction address error 2 1 (VBR) H'100 H'OEO
Instruction TLB miss exception 2 2 (VBR) H'400 H'040
Instruction TLB protection 2 3 (VBR) H'100 H'0AO
violation exception
General illegal instruction 2 4 (VBR) H'100 H'180
exception
Slot illegal instruction exception 2 4 (VBR) H'100 H'1A0
General FPU disable exception 2 4 (VBR) H'100 H'800
Slot FPU disable exception 2 4 (VBR) H'100 H'820
Data address error (read) 2 5 (VBR) H'100 H'0OEO
Data address error (write) 2 5 (VBR) H'100 H'100
Data TLB miss exception (read) 2 6 (VBR) H'400 H'040
Data TLB miss exception (write) 2 6 (VBR) H'400 H'060
Data TLB protection 2 7 (VBR) H'100 H'0AO
violation exception (read)
Data TLB protection 2 7 (VBR) H'100 H'0CO
violation exception (write)
FPU exception 2 8 (VBR) H'100 H'120
Initial page write exception 2 9 (VBR) H'100 H'080
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Exception Transition

Direction*®
Exception Execution Priority Priority Vector Exception
Category Mode Exception Level** Order** Address Offset Code**
General Completion  Unconditional trap (TRAPA) 2 4 (VBR) H'100 H'160
exception  type User break after instruction 2 10 (VBR/DBR) H100/— H1EO
execution*
Interrupt  Completion Nonmaskable interrupt 3 — (VBR) H'600 H'1CO
type General interrupt request 4 — (VBR) H'600 —
Note: 1. When UBDE in CBCR =1, PC = DBR. In other cases, PC = VBR + H'100.
2. Priority is first assigned by priority level, then by priority order within each level (the
lowest number represents the highest priority).
3. Control passes to H'/A000 0000 in a reset, and to [VBR + offset] in other cases.
4,

Stored in EXPEVT for a reset or general exception, and in INTEVT for an interrupt.
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55 Exception Flow
551 Exception Flow

Figure 5.1 shows an outline flowchart of the basic operations in instruction execution and
exception handling. For the sake of clarity, the following description assumes that instructions are
executed sequentially, one by one. Figure 5.1 shows the relative priority order of the different
kinds of exceptions (reset, general exception, and interrupt). Register settingsin the event of an
exception are shown only for SSR, SPC, SGR, EXPEVT/INTEVT, SR, and PC. However, other
registers may be set automatically by hardware, depending on the exception. For details, see
section 5.6, Description of Exceptions. Also, see section 5.6.4, Priority Order with Multiple
Exceptions, for exception handling during execution of adelayed branch instruction and adelay
slot instruction, or in the case of instructions in which two data accesses are performed.

Page 130 of 2354 RO1UHO0174EJ0200 Rev. 2.00

RENESAS Jan 18, 2013



SH7724

Section 5 Exception Handling

Yes

Reset

requested?

Execute next instruction

Is highest-
priority exception
re-exception

General
exception requested?

Yes

type?
No result

Cancel instruction execution

Yes

]

Interrupt
requested?

Y

SSR « SR
SPC « PC
SGR « R15

No

EXPEVT « exception code
SR. {MD, RB, BL, FD, IMASK} < 11101111
PC « H'A000 0000

EXPEVT/INTEVT « exception code

SR.{MD,RB,BL} « 111

SR.IMASK « received interuupt level (*)

PC « (CBCR.UBDE=1 && User_Break?
DBR: (VBR + Offset))

Y Y

Note: * When the exception of the highest priority is an interrupt.
Whether IMASK is updated or not can be set by software.
"Accepted interrupt level" is B'1111 for NMI.

Figure5.1 Instruction Execution and Exception Handling
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55.2 Exception Sour ce Acceptance

A priority ranking is provided for all exceptions for usein determining which of two or more
simultaneously generated exceptions should be accepted. Five of the general exceptions—general
illegal instruction exception, slot illegal instruction exception, general FPU disable exception, slot
FPU disable exception, and unconditional trap exception—are detected in the process of
instruction decoding, and do not occur simultaneoudly in the instruction pipeline. These
exceptions therefore all have the same priority. General exceptions are detected in the order of
instruction execution. However, exception handling is performed in the order of instruction flow
(program order). Thus, an exception for an earlier instruction is accepted before that for alater
instruction. An example of the order of acceptance for general exceptionsis shown in figure 5.2.

Pipeline flow: Vv TLB miss (data access) [Legend]
Instruction n M| 12|13 |ID|E1|E2|E3|WB 11,12,13:  Instruction fetch
Instruction n + 1 1 [ 1213 ]ID|E1|[E2|E3 |WB ID: Instruction decode
A General illegal instruction exception E1, E2, E3: Instruction execution
l v TLB miss (instruction access) WB \(lsﬁt eﬁ? al\élke mory aceess)
Instruction n + 2 |t 1213 ID]E1]|E2][E3|[wB]
Instruction n + 3 lnli2]i3]ID|E1][E2][E3 [wB]

Order of detection:
General illegal instruction exception (instruction n + 1) and
TLB miss (instruction n + 2) are detected simultaneously

TLB miss (instruction n)

Order of exception handling: Program order
TLB miss (instruction n)
+ 1
Re-execution of instruction n

General illegal instruction exception
(instruction n + 1)

Re-execution of instruction n + 1

TLB miss (instruction n + 2) j
; 3

Re-execution of instruction n + 2

Execution of instruction n + 3 4

Figure5.2 Example of General Exception Acceptance Order
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55.3 Exception Requests and BL Bit
When the BL hit in SR is 0, general exceptions and interrupts are accepted.

When the BL bit in SR is 1 and an general exception other than a user break is generated, the
CPU'sinternal registers and the registers of the other modules are set to their states following a
manual reset, and the CPU branches to the same address asin areset (H'A0000000). For the
operation in the event of a user break, see section 49, User Break Controller (UBC). If an ordinary
interrupt occurs, the interrupt request is held pending and is accepted after the BL bit has been
cleared to 0 by software. If anonmaskable interrupt (NM1) occurs, it can be held pending or
accepted according to the setting made by software.

Thus, normally, SPC and SSR are saved and then the BL bit in SR is cleared to 0, to enable
multiple exception state acceptance.

554 Return from Exception Handling

The RTE instruction is used to return from exception handling. When the RTE instruction is
executed, the SPC contents are restored to PC and the SSR contents to SR, and the CPU returns
from the exception handling routine by branching to the SPC address. If SPC and SSR were saved
to external memory, set the BL bit in SR to 1 before restoring the SPC and SSR contents and
issuing the RTE instruction.
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5.6 Description of Exceptions

The various exception handling operations explained here are exception sources, transition address
on the occurrence of exception, and processor operation when atransition is made.

56.1 Resets

(1) Power-On Reset

e Condition:
Power-on reset request

e Operations:
Exception code H'000 is set in EXPEVT, initialization of the CPU and on-chip peripheral
moduleis carried out, and then a branch is made to the reset vector (H'’A0000000). For details,
see the register descriptionsin the relevant sections. A power-on reset should be executed
when power is supplied.

(2) Manual Reset

e Condition:
Manual reset request

e Operations:
Exception code H'020 is set in EXPEVT, initialization of the CPU and on-chip peripheral
moduleis carried out, and then a branch is made to the branch vector (H'A0000000). The
registersinitialized by a power-on reset and manual reset are different. For details, see the
register descriptions in the relevant sections.

(3) H-UDI Reset

e Source: SDIR.TI[7:4] = B'0110 (negation) or B'0111 (assertion)

e Transition address; H'A0000000

e Transition operations:
Exception code H'000 is set in EXPEVT, initidization of VBR and SR is performed, and a
branch is made to PC = H'A0000000.
CPU and on-chip peripheral module initialization is performed. For details, see the register
descriptions in the relevant sections.
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(4) Instruction TLB Multiple Hit Exception

e Source: Multiple ITLB address matches
e Transition address: H'A0000000
e Transition operations:
The virtual address (32 bits) at which this exception occurred is set in TEA, and the

corresponding virtual page number (22 bits) is set in PTEH [31:10]. ASID in PTEH indicates
the ASID when this exception occurred.

Exception code H'140 is set in EXPEVT, initidization of VBR and SR is performed, and a
branch is made to PC = H'A0000000.

CPU and on-chip peripheral moduleinitialization is performed in the same way as in a manual
reset. For details, see the register descriptions in the relevant sections.

(5) DataTLB Multiple-Hit Exception

e Source: Multiple UTLB address matches
e Transition address; H'A0000000
e Transition operations:
The virtual address (32 bits) at which this exception occurred is set in TEA, and the

corresponding virtual page number (22 bits) is set in PTEH [31:10]. ASID in PTEH indicates
the ASID when this exception occurred.

Exception code H'140 is set in EXPEVT, initidization of VBR and SR is performed, and a
branch is made to PC = H'A0000000.

CPU and on-chip peripheral moduleinitialization is performed in the same way as in a manual
reset. For details, see the register descriptions in the relevant sections.
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56.2 General Exceptions
(1) DataTLB MissException

e Source: Address mismatch in UTLB address comparison

e Transition address: VBR + H'00000400

e Transition operations:
The virtual address (32 bits) at which this exception occurred is set in TEA, and the
corresponding virtual page number (22 bits) is set in PTEH [31:10]. ASID in PTEH indicates
the ASID when this exception occurred.
The PC and SR contents for the instruction at which this exception occurred are saved in SPC
and SSR. The R15 contents at thistime are saved in SGR.
Exception code H'040 (for aread access) or H'060 (for awrite access) isset in EXPEVT. The
BL, MD, and RB hitsare set to 1 in SR, and a branch is made to PC = VBR + H'0400.
To speed up TLB miss processing, the offset is separate from that of other exceptions.

Data_TLB_miss_exception()
{
TEA = EXCEPTION_ADDRESS;
PTEH.VPN = PAGE_NUMBER;
SPC = PC;
SSR = SR;
SGR = R15;
EXPEVT = read_access ? H'0000 0040 : H'0000 0060;
SR.MD = 1;
SR.RB = 1;
SR.BL = 1;
PC = VBR + H'0000 0400;
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@

Instruction TLB Miss Exception

Source: Address mismatch in ITLB address comparison
Transition address: VBR + H'00000400

Transition operations:

The virtual address (32 bits) at which this exception occurred is set in TEA, and the
corresponding virtual page number (22 bits) is set in PTEH [31:10]. ASID in PTEH indicates
the ASID when this exception occurred.

The PC and SR contents for the instruction at which this exception occurred are saved in SPC
and SSR. The R15 contents at thistime are saved in SGR.

Exception code H'40 is set in EXPEVT. The BL, MD, and RB hitsaresetto 1in SR, and a
branch ismadeto PC = VBR + H'0400.

To speed up TLB miss processing, the offset is separate from that of other exceptions.

ITLB_miss_exception()

{

TEA = EXCEPTION_ADDRESS;
PTEH.VPN = PAGE_NUMBER;

SPC = PC;

SSR = SR;

SGR = R15;

EXPEVT = H'0000 0040;
SR.MD = 1;

SR.RB = 1;

SR.BL = 1;

PC = VBR + H'0000 0400;
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(3) Initial Page Write Exception

e Source: TLB ishitin astore access, but dirty bit D =0

e Transition address: VBR + H'00000100

e Transition operations:
The virtual address (32 bits) at which this exception occurred is set in TEA, and the
corresponding virtual page number (22 bits) is set in PTEH [31:10]. ASID in PTEH indicates
the ASID when this exception occurred.
The PC and SR contents for the instruction at which this exception occurred are saved in SPC
and SSR. The R15 contents at thistime are saved in SGR.
Exception code H'080 is set in EXPEVT. The BL, MD, and RB hitsare setto 1in SR, and a
branch ismadeto PC = VBR + H'0100.

Initial_write_exception ()

{
TEA = EXCEPTION_ADDRESS;
PTEH.VPN = PAGE_NUMBER;

SPC = PC;
SSR = SR;
SGR = R15;
EXPEVT = H'0000 0080;
SR.MD = 1;
SR.RB = 1;
SR.BL = 1;

PC = VBR + H'0000 0100;
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(4) DataTLB Protection Violation Exception

e Source: The access does not accord with the UTLB protection information (PR bits or EPR
bits) shown in table 5.4 and table 5.5.

Table5.4 UTLB Protection Information (TLB Compatible M ode)

PR Privileged Mode User Mode

00 Only read access possible Access not possible

01 Read/write access possible Access not possible

10 Only read access possible Only read access possible
11 Read/write access possible Read/write access possible

Table55 UTLB Protection Information (TLB Extended Mode)

EPR [5] Read Permission in Privileged Mode
0 Read access possible

1 Read access not possible

EPR [4] Write Permission in Privileged Mode
0 Write access possible

1 Write access not possible

EPR [2] Read Permission in User Mode

0 Read access possible

1 Read access not possible

EPR [1] Write Permission in User Mode

0 Write access possible

1 Write access not possible
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e Transition address. VBR + H'00000100

e Transition operations:
The virtual address (32 bits) at which this exception occurred is set in TEA, and the
corresponding virtual page number (22 bits) isset in PTEH [31:10]. ASID in PTEH indicates
the ASID when this exception occurred.
The PC and SR contents for the instruction at which this exception occurred are saved in SPC
and SSR. The R15 contents at thistime are saved in SGR.
Exception code H'0AO (for aread access) or H'0OCO (for awrite access) is set in EXPEVT. The
BL, MD, and RB bitsare set to 1 in SR, and a branch is made to PC = VBR + H'0100.

Data_TLB_protection_violation_exception()
{

TEA = EXCEPTION_ADDRESS;

PTEH.VPN = PAGE_NUMBER;

SPC = PC;

SSR = SR;

SGR = R15;

EXPEVT = read_access ? H'0000 O0OAO : H'0O000 00CO;

SR.MD = 1;

SR.RB = 1;

SR.BL = 1;

PC = VBR + H'0000 0100;
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(5) Instruction TLB Protection Violation Exception

e Source: The access does not accord with the ITLB protection information (PR bits or EPR bits)
shown in table 5.6 and table5.7.

Table5.6 ITLB Protection Information (TLB Compatible Mode)

PR Privileged Mode User Mode
0 Access possible Access not possible
Access possible Access possible

Table5.7 ITLB Protection Information (TLB Extended M ode)

EPR [5], EPR [3] Execution Permission in Privileged Mode

11,01 Execution of instructions possible

10 Instruction fetch not possible
Execution of Rn access by ICBI possible

00 Execution of instructions not possible

EPR [2], EPR[0] Execution Permission in User Mode

11,01 Execution of instructions possible
10 Instruction fetch not possible
Execution of Rn access by ICBI possible
00 Execution of instructions not possible
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e Transition address. VBR + H'00000100

e Transition operations:
The virtual address (32 bits) at which this exception occurred is set in TEA, and the
corresponding virtual page number (22 bits) isset in PTEH [31:10]. ASID in PTEH indicates
the ASID when this exception occurred.
The PC and SR contents for the instruction at which this exception occurred are saved in SPC
and SSR. The R15 contents at thistime are saved in SGR.

Exception code H'0OAO isset in EXPEVT. The BL, MD, and RB hitsare setto 1in SR, and a
branch ismadeto PC = VBR + H'0100.

ITLB_protection_violation_exception()
{
TEA = EXCEPTION_ADDRESS;
PTEH.VPN = PAGE_NUMBER;
SPC = PC;
SSR = SR;
SGR = R15;
EXPEVT = H'0000 00AOQ;
SR.MD = 1;
SR.RB = 1;
SR.BL = 1;
PC = VBR + H'0000 0100;
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(6) DataAddressError

e Sources:

— Word data access from other than a word boundary (2n +1)

— Longword data access from other than alongword data boundary (4n +1, 4n + 2, or 4n +3)
(Except MOVUA)

— Quadword data access from other than a quadword data boundary (8n +1, 8n + 2, 8n +3, 8n
+4,8n+5,8n+6,0r8n+7)

— Access to area H'80000000 to H'FFFFFFFF in user mode
Area H'E5000000 to H'E5FFFFFF can be accessed in user mode. For details, see section 7,
Memory Management Unit (MMU) and section 10, On-chip Memory.

— IC/OC memory mapped associative write is performed when the MM CAW bit in
EXPMASK is0. For details of memory mapped associative write, see section 8.6.5,
Memory-Mapped Cache Associative Write Operation.

e Transition address: VBR + H'0000100
e Transition operations:

The virtual address (32 bits) at which this exception occurred is set in TEA, and the

corresponding virtual page number (22 bits) is set in PTEH [31:10]. ASID in PTEH indicates

the ASID when this exception occurred.

The PC and SR contents for the instruction at which this exception occurred are saved in SPC

and SSR. The R15 contents at thistime are saved in SGR.

Exception code H'0EO (for aread access) or H'100 (for awrite access) isset in EXPEVT. The

BL, MD, and RB bhitsare set to 1 in SR, and a branch is made to PC = VBR + H'0100. For

details, see section 7, Memory Management Unit (MMU).

Data_address_error ()

{
TEA = EXCEPTION_ADDRESS;
PTEH.VPN = PAGE_NUMBER;
SPC = PC;
SSR = SR;
SGR = R15;
EXPEVT = read_access? H'0000 OOEO: H'0000 0100;
SR.MD = 1;
SR.RB = 1;
SR.BL = 1;
PC = VBR + H'0000 0100;
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(7) Instruction AddressError

e Sources:
— Instruction fetch from other than aword boundary (2n +1)
— Instruction fetch from area H'80000000 to H'FFFFFFFF in user mode
Area H'E5000000 to H'ESFFFFFF can be accessed in user mode. For details, see section
10, On-Chip Memory.
e Transition address. VBR + H'00000100
e Transition operations:
The virtual address (32 bits) at which this exception occurred is set in TEA, and the
corresponding virtual page number (22 bits) isset in PTEH [31:10]. ASID in PTEH indicates
the ASID when this exception occurred.
The PC and SR contents for the instruction at which this exception occurred are saved in the
SPC and SSR. The R15 contents at this time are saved in SGR.
Exception code H'OEQ is set in EXPEVT. The BL, MD, and RB bitsaresetto 1in SR, and a

branch is madeto PC = VBR + H'0100. For details, see section 7, Memory Management Unit
(MMU).

Instruction_address_error ()
{
TEA = EXCEPTION_ADDRESS;
PTEH.VPN = PAGE_NUMBER;
SPC = PC;
SSR = SR;
SGR = R15;
EXPEVT = H'0000 0OEOQ;
SR.MD
SR.RB

1;
1;
SR.BL = 1;
PC = VBR + H'0000 0100;
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(8) Unconditional Trap

e Source: Execution of TRAPA instruction

e Transition address: VBR + H'00000100

e Transition operations:
Asthisis a processing-completion-type exception, the PC contents for the instruction
following the TRAPA instruction are saved in SPC. The value of SR and R15 when the
TRAPA instruction is executed are saved in SSR and SGR. The 8-bit immediate value in the
TRAPA instruction is multiplied by 4, and the result is set in TRA [9:0]. Exception code H'160
issetin EXPEVT. The BL, MD, and RB bitsare set to 1 in SR, and a branch ismade to PC =
VBR + H'0100.

TRAPA_exception()
{
SPC = PC + 2;
SSR = SR;
SGR = R15;
TRA = imm << 2;

EXPEVT = H'0000 0160;

SR.MD = 1;
SR.RB = 1;
SR.BL = 1;

PC = VBR + H'0000 0100;
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(9) General Illegal Instruction Exception

Sources:

— Decoding of an undefined instruction not in adelay slot
Delayed branch instructions: IMP, JSR, BRA, BRAF, BSR, BSRF, RTS, RTE, BT/S, BF/S
Undefined instruction: H'FFFD

— Decoding in user mode of a privileged instruction not in adelay ot
Privileged instructions: LDC, STC, RTE, LDTLB, SLEEP, but excluding LDC/STC
instructions that access GBR

Transition address. VBR + H'00000100

Transition operations:

The PC and SR contents for the instruction at which this exception occurred are saved in SPC

and SSR. The R15 contents at thistime are saved in SGR.

Exception code H'180 is set in EXPEVT. The BL, MD, and RB bitsaresetto 1 in SR, and a

branch is made to PC = VBR + H'0100. Operation is nhot guaranteed if an undefined code other
than H'FFFD is decoded.

General_illegal_instruction_exception()
{

SPC = PC;

SSR = SR;

SGR = R15;

EXPEVT = H'0000 0180;

SR.MD = 1;

SR.RB = 1;

SR.BL = 1;

PC = VBR + H'0000 0100;
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(10) Slot Illegal Instruction Exception

Sources:

— Decoding of an undefined instruction in adelay slot
Delayed branch instructions: IMP, JSR, BRA, BRAF, BSR, BSRF, RTS, RTE, BT/S, BF/S
Undefined instruction: H'FFFD

— Decoding of an instruction that modifies PC in adelay ot
Instructions that modify PC: IMP, JSR, BRA, BRAF, BSR, BSRF, RTS, RTE, BT, BF,
BT/S, BF/S, TRAPA, LDC Rm,SR, LDC.L @Rm+,SR, ICBI, PREFI

— Decoding in user mode of a privileged instruction in a delay slot
Privileged instructions: LDC, STC, RTE, LDTLB, SLEEP, but excluding LDC/STC
instructions that access GBR

— Decoding of a PC-relative MOV instruction or MOV A instruction in adelay slot

— The BRDSSLP bitin EXPMASK is 0, and the SLEEP instruction in the delay slot is
executed.

— The RTEDS bit in EXPMASK is 0, and an instruction other than the NOP instruction in the
delay dlot is executed.

Transition address. VBR + H'0000 0100

Transition operations:

The PC contents for the preceding delayed branch instruction are saved in SPC. The SR and

R15 contents when this exception occurred are saved in SSR and SGR.

Exception code H'1AQ isset in EXPEVT. The BL, MD, and RB hitsaresetto 1in SR, and a

branch is made to PC = VBR + H'0100. Operation is not guaranteed if an undefined code other
than H'FFFD is decoded.

Slot_illegal_instruction_exception()

{

SPC = PC - 2;

SSR = SR;

SGR = R15;

EXPEVT = H'0000 01A0;
SR.MD = 1;

SR.RB = 1;

SR.BL = 1;

PC = VBR + H'0000 0100;
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(11) General FPU Disable Exception

e Source: Decoding of an FPU instruction* not in adelay slot with SR.FD = 1
e Transition address: VBR + H'00000100
e Transition operations:

The PC and SR contents for the instruction at which this exception occurred are saved in SPC
and SSR. The R15 contents at thistime are saved in SGR.

Exception code H'800 is set in EXPEVT. The BL, MD, and RB hitsare setto 1in SR, and a
branch ismadeto PC = VBR + H'0100.

Note: * FPU instructions are instructions in which the first 4 bits of the instruction code are F
(but excluding undefined instruction H'FFFD), and the LDS, STS, LDS.L, and STS.L
instructions corresponding to FPUL and FPSCR.

General_fpu_disable_exception()

{

SPC = PC;
SSR = SR;
SGR = R15;
EXPEVT = H'0000 0800;
SR.MD = 1;
SR.RB = 1;
SR.BL = 1;

PC = VBR + H'0000 0100;
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(12) Slot FPU Disable Exception

e Source: Decoding of an FPU instruction in adelay slot with SR.FD =1
e Transition address: VBR + H'00000100
e Transition operations:

The PC contents for the preceding delayed branch instruction are saved in SPC. The SR and
R15 contents when this exception occurred are saved in SSR and SGR.

Exception code H'820 is set in EXPEVT. The BL, MD, and RB hitsare setto 1in SR, and a
branch ismade to PC = VBR + H'0100.

Slot_fpu_disable_exception()
{
SPC = PC - 2;

SSR = SR;

SGR = R15;

EXPEVT = H'0000 0820;
SR.MD = 1;

SR.RB = 1;

SR.BL = 1;

PC = VBR + H'0000 0100;
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(13) Pre-Execution User Break/Post-Execution User Break

e Source: Fulfilling of abreak condition set in the user break controller
e Transition address: VBR + H'00000100, or DBR
e Transition operations:

In the case of a post-execution break, the PC contents for the instruction following the
instruction at which the breakpoint is set are set in SPC. In the case of a pre-execution break,
the PC contents for the instruction at which the breakpoint is set are set in SPC.

The SR and R15 contents when the break occurred are saved in SSR and SGR. Exception code
H'1EQ isset in EXPEVT.

The BL, MD, and RB hitsare set to 1 in SR, and abranch ismadeto PC = VBR + H'0100. It is
aso possible to branch to PC = DBR.

For details of PC, etc., when adata break is set, see section 49, User Break Controller (UBC).

User_break_exception ()

{

SPC = (pre_execution break? PC : PC + 2);
SSR = SR;
SGR = R15;
EXPEVT = H'0000 01EO0;
SR.MD = 1;
SR.RB = 1;
SR.BL = 1;
PC = (CBCR.UBDE==1 ? DBR : VBR + H'0000 0100);
}
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(14) FPU Exception

e Source: Exception due to execution of a floating-point operation

e Transition address; VBR + H'00000100

e Transition operations:
The PC and SR contents for the instruction at which this exception occurred are saved in SPC
and SSR . The R15 contents at this time are saved in SGR. Exception code H'120 is set in
EXPEVT. TheBL, MD, and RB bitsare set to 1 in SR, and a branch ismade to PC = VBR +
H'0100.

FPU_exception()
{

SPC = PC;

SSR = SR;

SGR = R15;

EXPEVT = H'0000 0120;
SR.MD = 1;

SR.RB = 1;

SR.BL = 1;

PC = VBR + H'0000 0100;
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5.6.3 Interrupts
(1) NMI (Nonmaskable I nterrupt)

e Source: NMI pin edge detection

e Transition address; VBR + H'00000600

e Transition operations:
The PC and SR contents for the instruction immediately after this exception is accepted are
saved in SPC and SSR. The R15 contents at thistime are saved in SGR.
Exception code H'1CO isset in INTEVT. The BL, MD, and RB bitsare setto 1in SR, and a
branch is made to PC = VBR + H'0600. When the BL bit in SR is 0, thisinterrupt is not
masked by the interrupt mask bitsin SR, and is accepted at the highest priority level. When the
BL bitin SR is1, a software setting can specify whether thisinterrupt isto be masked or
accepted. When the INTMU bit in CPUOPM is 1 and the NMI interrupt is accessed, B'1111 is
set to IMASK hit in SR. For details, see section 13, Interrupt Controller (INTC).

NMTI ()

{
SPC = PC;
SSR = SR;
SGR = R15;
INTEVT = H'0000 01CO;
SR.MD =
SR.RB =
SR.BL =
If (cond) SR.IMASK = B'1111;
PC = VBR + H'0000 0600;

7

i

i

e

}
(2) General Interrupt Request

e Source: Theinterrupt mask level bits setting in SR is smaller than the interrupt level of
interrupt request, and the BL bit in SR is O (accepted at instruction boundary).

e Trangition address; VBR + H'00000600
e Transition operations:

The PC contentsimmediately after the instruction at which the interrupt is accepted are set in
SPC. The SR and R15 contents at the time of acceptance are set in SSR and SGR.
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The code corresponding to the each interrupt sourceisset in INTEVT. The BL, MD, and RB
bitsare set to 1 in SR, and abranch is made to VBR + H'0600. When the INTMU bitin
CPUOPM is1, IMASK bitin SR is changed to accepted interrupt level. For details, see section
13, Interrupt Controller (INTC).

Module_interruption ()

{
SPC = PC;
SSR = SR;
SGR R15;
INTEVT = H'0000 0400 ~ H'0000 3FEO;
SR.MD =
SR.RB =

SR.BL = H
SR.IMASK = level_of accepted_interrupt ();
PC = VBR + H'0000 0600;

R N

if (cond

564 Priority Order with Multiple Exceptions

With some instructions, such as instructions that make two accesses to memory, and the
indivisible pair comprising a delayed branch instruction and delay slot instruction, multiple
exceptions occur. Care isrequired in these cases, as the exception priority order differsfrom the
normal order.

(1) Instructionsthat Make Two Accessesto Memory

With MAC instructions, memory-to-memory arithmetic/logic instructions, TAS instructions, and
MOV UA instructions, two data transfers are performed by a single instruction, and an exception
will be detected for each of these data transfers. In these cases, therefore, the following order is
used to determine priority.

Data address error in first data transfer

TLB missin first data transfer

TLB protection violation in first data transfer
Initial page write exception in first data transfer
Data address error in second data transfer

TLB missin second data transfer

TLB protection violation in second data transfer

N o g kMwDdNE
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8. Initia page write exception in second data transfer
(2) Indivisible Delayed Branch Instruction and Delay Slot I nstruction

Asadelayed branch instruction and its associated delay dot instruction are indivisible, they are
treated as a single instruction. Consequently, the priority order for exceptions that occur in these
instructions differs from the usual priority order. The priority order shown below isfor the case
where the delay slot instruction has only one data transfer.

1. A check is performed for the interrupt type and re-execution type exceptions of priority levels
1 and 2 in the delayed branch instruction.

2. A check isperformed for the interrupt type and re-execution type exceptions of priority levels
1 and 2 inthe delay dlot instruction.

3. A check is performed for the completion type exception of priority level 2 in the delayed
branch instruction.

4. A check is performed for the completion type exception of priority level 2 in the delay slot
instruction.

5. A check is performed for priority level 3 in the delayed branch instruction and priority level 3
in the delay dot instruction. (Thereis no priority ranking between these two.)

6. A check isperformed for priority level 4 in the delayed branch instruction and priority level 4
in the delay dlot instruction. (Thereis no priority ranking between these two.)

If the delay slot instruction has a second data transfer, two checks are performed in step 2, asin
the above case (Instructions that make two accesses to memory).

If the accepted exception (the highest-priority exception) isadelay dot instruction re-execution
type exception, the branch instruction PR register write operation (PC — PR operation performed
inaBSR, BSRF, or JSR instruction) is not disabled. Note that in this case, the contents of PR
register are not guaranteed.
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5.7 Usage Notes
(1) Returnfrom Exception Handling

A. Check the BL bit in SR with software. If SPC and SSR have been saved to memory, set
the BL bit in SR to 1 before restoring them.

B. Issue an RTE instruction. When RTE is executed, the SPC contents are saved in PC, the
SSR contents are saved in SR, and branch is made to the SPC address to return from the
exception handling routine.

(2) If aGeneral Exception or Interrupt OccursWhen BL Bitin SR=1

A. General exception
When a general exception other than auser break occurs, the PC value for the instruction at
which the exception occurred in SPC, and a manual reset is executed. The valuein
EXPEVT at thistime is H'00000020; the SSR contents are undefined.

B. Interrupt
If an ordinary interrupt occurs, the interrupt request is held pending and is accepted after
the BL bit in SR has been cleared to 0 by software. If a nonmaskable interrupt (NM1)
occurs, it can be held pending or accepted according to the setting made by software.
In sleep or standby mode, however, an interrupt is accepted even if the BL bit in SR is set
to 1.

(3 SPC when an Exception Occurs

A. Re-execution type general exception
The PC value for the instruction at which the exception occurred is set in SPC, and the
instruction is re-executed after returning from the exception handling routine. If an
exception occursin adelay dot instruction, however, the PC value for the delayed branch
instruction is saved in SPC regardless of whether or not the preceding delay slot instruction
condition is satisfied.

B. Completion type general exception or interrupt
The PC value for the instruction following that at which the exception occurred is set in
SPC. If an exception occurs in a branch instruction with delay slot, however, the PC value
for the branch destination is saved in SPC.
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(4 RTE Instruction Delay Slot

A. Theinstruction in the delay slot of the RTE instruction is executed only after the value
saved in SSR has been restored to SR. The acceptance of the exception related to the
instruction access is determined depending on SR before restoring, while the acceptance of
other exceptions is determined depending on the processing mode by SR after restoring or
the BL bit. The completion type exception is accepted before branching to the destination
of RTE instruction. However, if the re-execution type exception is occurred, the operation
cannot be guaranteed.

B. The user bresak is not accepted by the instruction in the delay slot of the RTE instruction.
(5) Changingthe SR Register Value and Accepting Exception

A. When the MD or BL bit in the SR register is changed by the LDC instruction, the
acceptance of the exception is determined by the changed SR value, starting from the next
instruction.* In the completion type exception, an exception is accepted after the next
instruction has been executed. However, an interrupt of completion type exception is
accepted before the next instruction is executed.

Note: * WhentheLDC instruction for SR is executed, following instructions are fetched again
and the instruction fetch exception is evaluated again by the changed SR.
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Section 6 Floating-Point Unit (FPU)

6.1 Features

The FPU has the following features.

Conformsto |EEE754 standard

32 single-precision floating-point registers (can a so be referenced as 16 double-precision
registers)

Two rounding modes: Round to Nearest and Round to Zero

Two denormalization modes: Flush to Zero and Treat Denormalized Number

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

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 (general FPU disable exception or slot FPU
disable exception).
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6.2 Data Formats

6.2.1 Floating-Point For mat
A floating-point number consists of the following three fields:

e Signhit (s)
e Exponent field (e)
e Fractionfield (f)

This LSl can handle single-precision and double-precision floating-point numbers, using the
formats shown in figures 6.1 and 6.2.

31 30 28 22 0

] o | f

Figure6.1 Format of Single-Precision Floating-Point Number

63 62 52 51 0

|s| e f

Figure6.2 Format of Double-Precision Floating-Point Number
The exponent is expressed in biased form, as follows:
e =E + bias

The range of unbiased exponent EisE_, —1toE__ + 1. ThetwovaluesE  —1landE _ +1are
distinguished asfollows. 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 6.1 shows floating-point formats and parameters.
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Table6.1 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_ +1landf=0,v=(-1) (infinity) [positive or negative infinity]
IfE, <E<E_ V= (-1)2"(Lf) [normalized number]

IfE=E_ —1andf=0,v=(-1)2"" (0.f) [denormalized number]
IfE=E,,—1andf=0,v = (-1)0 [positive or negative zero]

Table 6.2 shows the ranges of the various numbers in hexadecimal notation. For the signaling non-
number and quiet non-number, see section 6.2.2, Non-Numbers (NaN). For the denormalized
number, see section 6.2.3, Denormalized Numbers.
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Table 6.2

Type

Floating-Point Ranges

Single-Precision

Double-Precision

Signaling non-number

H'7FFF FFFF to H'7FCO 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'7FFO 0000 0000 0001

Positive infinity

H'7F80 0000

H'7FFO0 0000 0000 0000

Positive normalized
number

H'7F7F FFFF to H'0080 0000

H'7FEF FFFF FFFF FFFF to
H'0010 0000 0000 0000

Positive denormalized

H'007F FFFF to H'0000 0001

H'000F 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
number

H'8080 0000 to H'FF7F FFFF

H'8010 0000 0000 0000 to
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'FFCO 0000 to H'FFFF FFFF

H'FFF8 0000 0000 0000 to
H'FFFF FFFF FFFF FFFF
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6.2.2 Non-Numbers (NaN)

Figure 6.3 shows the bit pattern of a non-number (NaN). A valueis NaN in the following case:

e Signbit: Don't care
o Exponent field: All bitsare 1
e Fractionfield: At least onebitis1

The NaN isasignaling NaN (sNaN) if the MSB of the fraction field is 1, and aquiet NaN (qNaN)
if the MSB isO.

31 30 23 22 0

X 11111111 NXXXXXXXXXXXXXXXXXXXXXX

N = 1:sNaN
N = 0:gNaN

Figure6.3 Single-Precision NaN Bit Pattern

An sNaN is assumed to be the input datain an operation, except the transfer instructions between
registers, FABS, and FNEG, that generates a floating-point value.

e Whenthe EN.V bitin FPSCR is 0, the operation result (output) isa gNaN.

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

Following three instructions are used as transfer instructions between registers.

e FMOV FRm,FRn
e FLDSFRm,FPUL
e FSTSFPUL,FRn

If agNaN isinput in an operation that generates a floating-point value, and an sNaN has not been
input in that operation, the output will always be agNaN 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:

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

See section 10, Instruction Descriptions of the SH-4A Extended Functions Software Manual for
details of floating-point operations when a non-number (NaN) isinput.
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6.2.3 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, adenormalized number (source operand or operation
result) is aways positive or negative zero in a floating-point operation that generates avalue (an
operation other than transfer instructions between registers, 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 section 10, Instruction Descriptions of the SH-4A Extended Functions
Software Manual for details of floating-point operations when a denormalized number isinput.
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6.3 Register Descriptions

6.3.1 Floating-Point Registers

Figure 6.4 shows the floating-point register configuration. There are thirty-two 32-bit floating-
point registers comprised with two banks: FPRO_BANKO